
English translation

Umeå 12th of January, 1996

Hello!

Many of today’s environmental problems are not limited to a particular country but affect
people in the whole world. One example of such an environmental problem is the ongoing
depletion of the ozone layer. Another is when wild animals and plants are exterminated. In the
discipline of Economics, which really is about planning for the economic management of
limited resources, we also carry out research on measures to protect and conserve threatened
species. Knowledge about such measures increases our ability to treat our natural environment
accurately, both nationally and internationally. It is, therefore, important that we obtain a
picture of how Swedish people look upon measures for the protection/conservation of
threatened species. The questions in this questionnaire are about one threatened species,
namely the African elephant.

Through a random selection, you are one of the 1 500 persons from all over the country we
hope will assist us in this research. Please complete the enclosed questionnaire as soon as
possible (preferably within two weeks). Return it to us in the enclosed envelope. The
envelope is free of postage so you do not have to use a stamp.

In a scientific study like this, it is important that people with different opinions - including
those who perhaps are not interested in wildlife and threatened species or the natural
environment - participate. We, therefore, ask you to bear in mind that the results of this study
deteriorate with every answer not returned. Your reply cannot be replaced by someone else’s.

You do not have to state your name. The number found in the top right hand corner of the
questionnaire is solely there for us to know who has answered the questionnaire within two
weeks - it makes no sense sending reminders to those who have answered already.

Naturally your response will be confidential. It will be impossible to tell what you or any
other specific respondent have answered from the results we will publish. We will only report
values for large groups and we do not collect any other information than requested in the
questionnaire.

If there is anything in the questionnaire that is unclear, please contact Maria Vredin on
telephone 090-16 54 49.

Thank you very much in advance for your cooperation.

Yours sincerely

Karl-Gustaf Löfgren
Professor



Umeå University
Department of Economics

QUESTIONNAIRE

Information given here is protected by
9 kap 4 § sekretesslagen (SFS 1980:100). There is
no information liability.

Read this before answering the questions!

The African elephant, the world’s largest land mammal, is found in Africa south of the
Sahara. Today’s herd is estimated at approximately 600 000 animals. The smaller, Asian
elephant, is found in southern Asia.

Between 1981 and 1989 the herd of African elephants was halved from 1 200 000 to 600 000
animals. It is above all the demand for tusks, the most important raw material for ivory, that
has caused the dramatic decrease. In addition, the elephant has lost many of its natural
habitats as a consequence of the increased demand for arable land following the growth of
the African population. As the elephant needs large areas to forage and seek shade in order to
survive, it often comes into direct conflict with Africans in rural areas. These conflicts can
result in crops being destroyed and cattle and, at worst, people being killed.

Despite the dramatic decline in the number of elephants during the 1980’s, they are still
abundant in several African countries. In some cases the herds are even so large that they
present a threat to the vegetation and other animal species. In these countries, cullings have
been carried out in order to reduce the number of elephants.

The African elephant is today classified as a vulnerable species, which means that its survival
is not judged as secured in the long run. In 1989 Sweden prohibited trade in and imports of
ivory and other animal products, both from the African and the Asian elephant. There are
almost 400 species of vulnerable and threatened mammals in the world, but as only about
half of all mammals are surveyed, the number could be substantially greater.

This was a brief background to the questions we would like to ask you.

We would be grateful if you could consider the following when answering the questions:

Even if you think that it is difficult to give a precise answer to a particular question - please
give the best answer you can (give an approximate answer rather than none at all). In a few
places there are • instructions•  to the questions - please study these carefully before
answering the questions.

Thank you for your cooperation!



1. Are you a woman or a man?

(mark with a cross)

( ) Woman ( ) Man

2. How old are you?

Answer: _____ years

3. Approximately, how many years of school education do you have?

Answer: _____ years

4. In which county do you live?

Answer: _______________________________ county

5.  How many persons are there in your household (yourself included)?

Answer: _____ persons

6. How many children (younger than 18 years) are there in your household?

Answer: _____ persons

7. On average, how often do you spend time in the countryside (for example, for walks,
berry-picking or recreation)?

(mark with one cross)

( ) Less than once a month

( ) One to three times a month

( ) Once a week or more

First some general questions about you and your household.

Now follow some questions about your attitude towards nature and the African
elephant.



8.  How important do you consider it is that the African elephant exists in Africa?

(mark with one cross)

( ) Not very important

( ) Quite important

( ) Very important

( ) Do not know

9. What do you think of when you hear the words • African elephant• ?

_________________________________________________________________

_________________________________________________________________

10. On the map at the very end of the questionnaire we have marked (numbered)
those countries where the African elephant exists.

a) Have you ever visited any of the numbered countries?

(mark with a cross)

( ) Yes ( ) No

If • Yes• , which one/ones? Answer by stating the number/numbers of the 
country/countries:

_________________________________________________________________

b) Do you consider it likely that you will visit any of the numbered countries in the 
next ten years?

(mark with a cross)

( ) Yes ( ) No

If • Yes• , which one/ones? Answer by stating the number/numbers of the 
country/countries:

_________________________________________________________________



11. There are approximately 600 000 elephants in Africa today. Which future 
development of the African herd of elephants would you prefer?

(mark with one cross)

I would prefer the herd of elephants in Africa to:

( ) Be reduced

( ) Remain as it is today

( ) Be increased

( ) Do not know

12. a) Are you or anyone else in your household a member of an environmental 
organisation (World Wide Fund for Nature, Greenpeace, Swedish Society for Nature 
Conservation or equivalent)?

(mark with a cross)

( ) Yes ( ) No

If • Yes• , which organisation/organisations: ______________________________

If • Yes• , approximately how much does your household spend annually on 
this/these membership(s) (include in this sum all payments your household makes to 
the organisation/organisations, i.e. membership fees, voluntary gifts etc.)?

Answer: __________ kr
b) Are you or anyone else in your household actively involved in voluntary work in
an environmental organisation?

We ask the following questions in order to gain an understanding of the value Swedes
place on the African elephant. One can have different reasons for wanting - or not
wanting - to pay for a project aimed at saving the African elephant. Everybody has good
reasons for thinking the way they do.

When you answer the questions you should note that there may be other things in
nature to which you would like to pay regard - perhaps there are other environmental
issues you consider to be more important. Moreover, perhaps there are social issues that
you believe urgent. Therefore, carefully consider your valuations before answering the
questions!

In some cases you might think that the questions are out of touch with reality. However,
the questions are still important since it is only by posing such questions that we can
gain insight into Swede’s valuations. Bearing this in mind, we ask you to do your best to
answer the questions.



(mark with a cross)

( ) Yes ( ) No

13.  Suppose that you have an annual sum of money that you would like to distribute
between different voluntary organisations. As you know, these various voluntary
organisations have different fundamental aims with their activities. How would you
distribute the money between the various activities? Imagine that your money is
equivalent to 100 • points• . Distribute these points between the activities given
below. The more money you would like to give to a certain activity the higher the
score it gets. Remember that the distribution of points must add up to 100 points.
(Please note that there are many different organisations involved in each activity- the
examples name merely one of many organisations in every field of activity).

 
Children rights organisations
(e.g. Swedish Save the Children) ________  points
Human rights organisations
(e.g. Amnesty International) ________  points
Environmental organisations
(e.g. World Wide Fund for Nature) ________  points
Religious organisations
(e.g. Salvation Army) ________  points
Aid- and peace organisations
(e.g. Africa Groups of Sweden) ________  points
Other organisations ________  points

TOTAL 100  points

__________________________________________________________________________
The African elephant exists in poor countries which are seldom able to pay by
themselves for projects to secure the survival of the elephant. Suppose instead that a
project was designed and organised by a global environmental organisation (for
example, the World Wide Fund for Nature). If the project is carried out, the survival of
today’s approximately 600 000 African elephants is guaranteed. If the project, on the
other hand, is not carried out, the future for the African elephant is highly insecure. The
project is financed through gifts from the environmental organisation’s members. It is
these voluntary contributions that make the project possible.
__________________________________________________________________________

14.  How much, at most, would your household be willing to pay annually to such a
project?

Answer: __________ kr



15. Below are given some possible motives for wanting the herd of African elephants to
remain as it is today or to increase. Which motives do you consider to be
important? Answer by marking a cross on the line below each stated motive.

a) Own experiences of the African elephant (e.g. through safaris, tv-programs, books etc.)

Of no Very
importance important

b) Other people can appreciate the African elephant.

Of no Very
importance important

c) All species have the right to exist.

Of no Very
importance important

d) Future generations will be able to enjoy the African elephant.

Of no Very
importance important

e) Other motive, namely: _________________________________________

Of no Very
importance important

Answer question 15 only if you were willing to make a donation to the project in
question 14.



16. Approximately how large is your household’s total income before tax every
month? (Here we refer to labour- and capital income, pensions, unemployment and
sickness benefits).

(mark with one cross)

( ) 0-5 000 kr ( ) 20 001-22 500 kr ( ) 45 001-50 000 kr

( ) 5 001-7 500 kr ( ) 22 501-25 000 kr ( ) 50 001-55 000 kr

( ) 7 501-10 000 kr ( ) 25 001-27 500 kr ( ) 55 001-60 000 kr

( ) 10 001-12 500 kr ( ) 27 501-30 000 kr ( ) 60 001-65 000 kr

( ) 12 501-15 000 kr ( ) 30 001-35 000 kr ( ) More than 65 001 kr

( ) 15 001-17 500 kr ( ) 35 001-40 000 kr

( ) 17 501-20 000 kr ( ) 40 001-45 000 kr

Now you have answered many questions that are of interest to us. Below we leave a few
lines where you yourself can write down your views and opinions about the
questionnaire, the African elephant or something else connected to this study that is
important to you.

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

Return the completed questionnaire as soon as possible, preferably today.
Use the enclosed envelope - stamps are not needed.

THANK YOU FOR YOUR COOPERATION!



Map of Africa
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Countries where the African elephant exists (to a greater or lesser extent):

1 South Africa 14 Burundi 27 Mali
2 Swaziland 15 Rwanda 28 Burkina Faso
3 Namibia 16 Uganda 29 Mauritania
4 Botswana 17 Kenya 30 Senegal
5 Zimbabwe 18 Somalia 31 Guinea-Bissau
6 Mozambique 19 Equatorial Guinea 32 Guinea
7 Angola 20 Cameroon 33 Sierra Leone
8 Zambia 21 Central African Republic 34 Liberia
9 Malawi 22 Sudan 35 Ivory Coast
10 Gabon 23 Ethiopia 36 Ghana
11 Congo 24 Chad 37 Togo
12 Zaire 25 Nigeria 38 Benin
13 Tanzania 26 Niger



A:

14.  How much, at most, would your household be willing to pay annually to such a 
project?

Answer: __________ kr

B:

14. How much, at most, would your household be willing to pay annually to such a 
project (imagine that the payment is due every year for a period of three years)?

Answer: __________ kr

C:

14. How much, at most, would your household be willing to pay annually to such a 
project (imagine that the payment is due every year for a period of ten years)?

Answer: __________ kr

D:

__________________________________________________________________________
The African elephant exists in poor countries which are seldom able to pay by
themselves for projects to secure the survival of the elephant. Suppose instead that a
project was designed and organised by a global environmental organisation (for
example, the World Wide Fund for Nature). If the project is carried out, the survival of
today’s approximately 600 000 African elephants is guaranteed. If the project, on the
other hand, is not carried out, the future for the African elephant is highly insecure. The
project is financed through contributions from the environmental organisation’s
membership countries. It is this funding that makes the project possible.
__________________________________________________________________________

14.  Suppose that your household could contribute to the accomplishment of the project
by paying an annual amount of money in tax. Provided that everybody else in Sweden
contributes - how much would your household be willing to pay at most as an annual
tax to such a project?

Answer: __________ kr



English translation

Borlänge 1st of December, 1997

Hello!

In order for a society like ours to function well is it important with good communications and
transports. It is, for example, important that one quickly can call for an ambulance when there has
been an accident in the same way as it is important that the ambulance arrives fast and safe to the
hospital. It is also important in other, more everyday life, situations that transports and
communications work satisfactory. An example is our daily trips to and from work. These trips must
work flexibly - irrespective of whether we bike, drive, go by bus or train.

In order for communication and transport systems to function satisfactory, extensive national planning
is required. A part of this national planning is about understanding how, and why, people choose the
travel modes they do. It may be a question of choice of travel modes for everyday trips, like trips to
work, or of choice of travel modes for trips that are undertaken more seldom, like longer holiday trips.
In this work is it important to gain an understanding of the attitudes and assessments behind the
choices. It is, therefore, important to find out what you think and what assessments you make.

Through a random selection, you are one of the 480 persons from the Falun-Borlänge area we hope
will assist us in this research. Please complete the enclosed questionnaire as soon as possible
(preferably within a week). Return it to us in the enclosed envelope. The envelope is free of postage
so you do not have to use a stamp.

In a scientific study like this, it is important that people with different opinions - including those who
perhaps are not interested in transportation issues - participate. We, therefore, ask you to bear in mind
that the results of this study deteriorate with every not returned answer. Your reply can not be
replaced by someone else’s.

You do not have to state your name. The number found in the top right hand corner of the
questionnaire is only there for us to know who has answered the questionnaire - it makes no sense
sending reminders to those who have answered already.

Of course your response will be confidential. It will be impossible to tell what you or any other
specific respondent have answered from the results we will publish. We will only report values for
large groups and we do not collect any other information than requested in the questionnaire. If there
is anything in the questionnaire that is unclear, please contact Maria Vredin on telephone 0243-77 85
54.

Thank you very much in advance for your co-operation.

Yours sincerely

Karl-Gustaf Löfgren Lars Hultkranz
Professor Professor
Economics, Umeå University Economics, CTS
Tel: 090-786 58 43 Tel: 023-77 85 24



Umeå University Dalarna University
Department of Economics Centre for Research on Transportation

and Society (CTS)

QUESTIONNAIRE

Information given here is protected by
9 kap 4 § sekretesslagen (SFS 1980:100). There is
no information liability.

We would be grateful if you could consider the following when answering
the questions:

Even if you think it is difficult to give a precise answer to a particular question -
please give the best answer you can (give an approximate answer rather than
none at all). In a few places there are • instructions•  to the questions - please
study these carefully before answering the questions.

Thank you for your co-operation!



1. Are you a woman or a man?

(mark with a cross)

( ) Woman ( ) Man

2. How old are you?

Answer: _____ years

3. Approximately, how many years of school education do you have?

Answer: _____ years

4. How many persons are there in your household (yourself included)?

Answer: _____ persons

5. How many children (younger than 18 years) are there in your household?

Answer: _____ persons

6. Do you hold a driving licence?

( ) Yes ( ) No

7. Which is your main occupation at present?

( ) Employed
( ) Studying
( ) Unemployed
( ) On maternity/paternity leave
( ) Other,                                                 

First some general questions about you and your household.



8. Do you work full time or part time?

( ) Full time
( ) Part time,            %

9. How do you travel to/from work an ordinary day of work?

( ) I walk
( ) I ride a bike
( ) I drive an auto
( ) I am a passenger in an auto
( ) I go by bus
( ) Nothing of the above, I                                                                                       

10. Given your answer to question 9, which are the main reasons for choosing this 
particular travel mode?

Answer:                                                                                                                      

11. Approximately how far is it to your workplace?
(State the distance for a one way journey to your workplace).

Answer:             kilometers

12. Approximately, how long does it take you to travel to your workplace?
(Count the time from leaving your home until you arrive at your workplace).

Answer:             minutes

13. Approximately how much does it cost you to travel to your workplace?
(State the price for a one way journey to your workplace).

Answer:             kronor

If you answered • Employed•  in question 7 - please continue to answer the questions in
the questionnaire!
If you belong to one of the other groups you do not need to answer further questions.
Of course your views and opinions are of interest to us but, since we have chosen to
study work trips in this questionnaire, it will be hard for you to answer the rest of the
questions. Therefore, we ask you to return the questionnaire with your responses.
In that way, you will not get a reminder in the post box. You are welcome to comment
the questionnaire on the final page. We are grateful for your co-operation!

Answer question 14 and 15 only if you in question 9 answered that you drive an auto to
work. Otherwise, continue to question 16.



14. What kind of auto do you have?

Type:                             Model:                               

15. Are you entitled to tax deductions for your journeys to and from work?

( ) Yes ( ) No

16. What alternative travel modes do you have for a trip to work?
(Assume that the travel mode you normally use is not possible to use - then how would 
you travel to work? State as many feasible options you think you have).

Answer: First, I would choose:                               
 Second, I would choose:                          
 Third, I would choose:                             
 More alternatives:                                                                                        

( ) I have no alternative. The main reason/reasons for that is/are:
                                                                                                             

                                                                                                             

17. Approximately how long would it take you to travel to your workplace by the 
alternative travel mode(s)?
(Count the time from leaving your home until you arrive at your workplace).

Answer:                     minutes by                      
                    minutes by                      
                    minutes by                      

18. Approximately how much would it cost you to travel to your workplace by the 
alternative travel mode(s)?
(State the price for a one way journey to your workplace).

Answer:                     kronor by                        
                    kronor by                        
                    kronor by                        

Answer question 17 and 18 only if you in question 16 stated some alternative travel
mode/modes. Otherwise, continue to question 19.



19.  As you know different travel modes are associated with different attributes, 
for example different travel time, cost, safety and environmental friendliness. How 
do you perceive the different travel modes with respect to respective attribute?

Start out from the auto’s attributes and make comparisons. The attributes of the auto
are always 100%. Example: If you perceive the travel time with bus equal to the travel
time with auto, you answer 100%. If you perceive the travel time with bus three times
as long as the travel time with auto, you answer 300%. If you perceive the travel time
with bus half of the travel time with auto, you answer 50%. You may, of course, use
any percentages - the important thing is that you, as accurately as possible, describe
your own perceptions.

a) Compared with auto, I perceive the TRAVEL TIME with bus to be:                  %

b) Compared with auto, I perceive the COST with bus to be:                  %

c) Compared with auto, I perceive the SAFETY with bus to be:                  %

d)  Compared with auto, I perceive the ENVIRONMENTAL FRIEND-
LINESS with bus to be:                  %

In the question below we would like you to compare two different travel modes for a
journey to your workplace; auto and bus. We would like you to do the comparisons even
if you do not have an auto and even if it is impossible to go by bus to your workplace.
Try to imagine what it would be like if both alternatives existed.



20. Which alternative (A eller B) do you prefer?

Attributes
A B

Travel time like: Auto Bus
Cost like: Bus Auto
Safety like: Auto Bus
Environmental
friendliness like: Auto Bus

Answer: I prefer (mark with one cross): ( ) Travel mode A
( ) Travel mode B
( ) The alternatives are equal

21. Which alternative (A eller B) do you prefer?

Attributes
A B

Travel time like: Bus Auto
Travel cost like: Bus Auto
Safety like: Auto Bus
Environmental
friendliness like: Auto Bus

Answer: I prefer (mark with one cross): ( ) Travel mode A
( ) Travel mode B
( ) The alternatives are equal

We ask the following two questions to find out how people value different attributes in a
journey to work.

Suppose you are confronted with the choice between two hypothetical travel modes (A
and B) for a journey to your workplace. These travel modes are characterised by four
different attributes (travel time, cost, safety and environmental friendliness). There are
no • real•  travel modes that are described, but travel modes characterised by
combinations of different attributes. Now we ask you to make a choice between A and B
on the basis of the attributes that characterise travel modes A and B. How you choose is
up to you, but we ask you to think thoroughly through your opinions before answering
question 20 and 21.

Remember: There are no right or wrong answers! You have the right to think and
choose as you like - it is your opinions that are important to us.



22. Approximately how large is your household’s total income before tax every 
month?
(Here we refer to labour- and capital income, pensions, unemployment and sickness 
benefits).

(mark with one cross)

( ) 0-5 000 kr ( ) 20 001-22 500 kr ( ) 45 001-50 000 kr

( ) 5 001-7 500 kr ( ) 22 501-25 000 kr ( ) 50 001-55 000 kr

( ) 7 501-10 000 kr ( ) 25 001-27 500 kr ( ) 55 001-60 000 kr

( ) 10 001-12 500 kr ( ) 27 501-30 000 kr ( ) 60 001-65 000 kr

( ) 12 501-15 000 kr ( ) 30 001-35 000 kr ( ) Mer än 65 001 kr

( ) 15 001-17 500 kr ( ) 35 001-40 000 kr

( ) 17 501-20 000 kr ( ) 40 001-45 000 kr

Now you have answered many questions that are of interest to us. Below we leave a few
lines where you yourself can write down your views and opinions about the
questionnaire, what was hard or easy to respond to, suggestions to changes or something
else connected to this study that is important to you.

Note: More space was given in the Swedish version of the questionnaire.

Return the completed questionnaire as soon as possible, preferably today.
Use the enclosed envelope - stamps are not needed.

THANK YOU FOR YOUR CO-OPERATION!

In the question below we ask you to state your household’s monthly income before tax.
We ask this question because we believe that the monthly income plays an important
role in the everyday decisions and choices of the household.

Remember: Your answers are protected. From the results we will use it will be
impossible to see what you, or any other particular respondent, have answered. We will
only report values for large groups of people.
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Ydoxlqj d Shulskhudo Hqylurqphqwdo Dphqlw| 4

4 Lqwurgxfwlrq

Wkh udwh dw zklfk vshflhv ehfrph h{wlqfw lv lqfuhdvlqj udslgo| lq wkh zruog
+Hpdqrlo/ 4<<7,1 Lw lv kdug wr whoo h{dfwo| krz odujh wkh dfwxdo udwh ri h{0
wlqfwlrq lv dv rqo| derxw whq shufhqw ri wkh hvwlpdwhg wrwdo qxpehu ri vshflhv
kdyh ehhq ghvfulehg/ qdphg dqg vxuyh|hg e| vflhqwlvwv +lelg1,1 Dowrjhwkhu/
wkhuh duh ehwzhhq 8/333 dqg 9/333 wkuhdwhqhg4 vshflhv ri dqlpdov nqrzq wr
vflhqwlvwv lq wkh zruog wrgd| +LXFQ/ 4<<6,1 Dprqj wkhvh/ wkhuh duh doprvw
733 vshflhv ri yxoqhudeoh dqg hqgdqjhuhg pdppdov +lelg1,1 Rqh ri wkhvh lv
wkh Diulfdq hohskdqw +Or{rgrqwd diulfdqd,1

Wkh Diulfdq hohskdqw lv d txdvl0sxeolf jrrg/ zklfk/ zkhq olylqj lq wkh
zlog/ lv xqrzqhg/ exw zklfk/ wkurxjk d vxffhvvixo kxqw/ fdq eh frqyhuwhg lqwr
d sulydwh jrrg1 Fodvvl�hg dv d joredoo| yxoqhudeoh vshflhv/ lw lv h{shfwhg wr
ehfrph joredoo| hqgdqjhuhg li wkh fdxvdo idfwruv fxuuhqwo| lq sodfh frqwlqxh
wr rshudwh1 Vlqfh 4<;< wkh Diulfdq hohskdqw lv olvwhg lq Dsshqgl{ L ri wkh
Frqyhqwlrq rq Lqwhuqdwlrqdo Wudgh lq Hqgdqjhuhg Vshflhv ri Zlog Idxqd dqg
Iorud +FLWHV,/ zklfk phdqv wkdw doo ohjdo wudgh lq lyru| dqg rwkhu hohskdqw
surgxfwv lv surklelwhg e| frxqwulhv udwli|lqj wkh edq1 Wkh pdlq uhdvrq iru
surwhfwlqj wkh Diulfdq hohskdqw lv lwv gudpdwlf ghfuhdvh lq qxpehuv ehwzhhq
4<;4 dqg 4<;< zkhq wkh khug zdv kdoyhg iurp 415 ploolrq wr 933/333 dqlpdov1
Lw zdv deryh doo wkh ghpdqg iru wxvnv wkdw ohg wr wkh ghfolqh1 Lq dgglwlrq/
wkh hohskdqw kdv orvw pdq| ri lwv qdwxudo kdelwdwv dv d frqvhtxhqfh ri wkh
lqfuhdvhg ghpdqg iru dudeoh odqg iroorzlqj wkh udslg srsxodwlrq jurzwk lq
Diulfd1

Hyhq wkrxjk wkh suhvhuydwlrq ri wkuhdwhqhg vshflhv lv frvwo| iru vrflhw|/
prvw shrsoh djuhh rq dhvwkhwlf/ hwklf/ hfrorjlfdo ru hprwlrqdo jurxqgv wkdw
wkuhdwhqhg vshflhv qhhg wr eh surwhfwhg1 Krzhyhu/ wkh suhvhuydwlrq ri hq0
gdqjhuhg vshflhv ri dqlpdov pd| dovr uhsuhvhqw dq hfrqrplf ydoxh iru vrflhw|1
Wkh wrwdo hfrqrplf ydoxh ri d qdwxudo uhvrxufh/ vxfk dv d zlog dqlpdo/ frqvlvwv

4LXFQ fodvvl�hv wkuhdwhqhg vshflhv dv vshflhv wkdw duh hlwkhu hqgdqjhuhg +vshflhv zkrvh
frqwlqxhg vxuylydo lv xqolnho| li wkh fdxvdo idfwruv frqwlqxh wr rshudwh,/ yxoqhudeoh +vshflhv
wkdw duh h{shfwhg wr mrlq wkh hqgdqjhuhg fdwhjru| li wkh idfwruv zklfk fdxvhv wkh wkuhdw
frqwlqxh wr rshudwh,/ uduh +vshflhv dw ulvn zklfk h{lvw lq vpdoo srsxodwlrqv,/ lqghwhuplqdwh

+vshflhv wkdw duh hlwkhu hqgdqjhuhg/ yxoqhudeoh ru uduh, ru lqvx!flhqwo| nqrzq +vshflhv
wkdw duh vxvshfwhg wr ehorqj wr dq| rqh ri wkh deryh olvwhg fdwhjrulhv, +LXFQ/ 4<<6,1
Wr dyrlg d wrr h{whqvlyh whuplqrorj| wkh whupv hqgdqjhuhg dqg wkuhdwhqhg zloo eh xvhg
lqwhufkdqjhdeo| lq wklv sdshu/ lqfoxglqj doo fdwhjrulhv fodvvl�hg dv wkuhdwhqhg e| wkh LXFQ1
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ri wzr w|shv ri ydoxhv> xvh ydoxhv5 dqg sdvvlyh xvh6 ydoxhv1 Wkh xvh ydoxh lv
ghulyhg iurp wkh dfwxdo xvh ri wkh qdwxudo uhvrxufh/ lq wklv fdvh wkh Diulfdq
hohskdqw/ yld/ iru h{dpsoh/ vdidul kxqwlqj/ lyru| wudgh dqg jdph ylhzlqj1
Wkh sdvvlyh xvh ydoxh odujho| frqvlvwv ri ydoxhv ghulyhg iurp wkh zloolqjqhvv
wr sd| +ZWS, iru wkh suhvhuydwlrq ri wkh hohskdqw e| lqglylgxdov zkr gr qrw
suhvhqwo| xwlolvh lw1

Lq rughu wr phdvxuh wkh wrwdo ydoxh ri dq xqpdunhwhg jrrg vxfk dv wkh
Diulfdq hohskdqw/ d phwkrg fdoohg wkh frqwlqjhqw ydoxdwlrq phwkrg +FYP,
fdq eh dssolhg1 Lq d FY vxuyh|/ d vxuurjdwh pdunhw iru wkh xqpdunhwhg
dphqlw| lv frqvwuxfwhg dqg/ wkurxjk wklv pdunhw/ wkh uhvhdufkhu/ yld lqwhu0
ylhzv ru txhvwlrqqdluhv/ holflwv wkh uhvsrqghqwv* pd{lpxpZWS iru lpsuryh0
phqwv lq wkh dphqlw|17

Wkhuh kdyh ehhq qxphurxv dwwhpswv wr phdvxuh wkh ydoxh ri vshflhv ri
zlog idxqd +fi1 Erpdq ) Ervwhgw/ 4<<8> Iuhgpdq/ 4<<7> Ghvyrxvjhv hw
do1/ 4<<6> iru d frpsuhkhqvlyh eleolrjudsk| ri FY sdshuv dqg vwxglhv/ vhh
Fduvrq hw do1/ 4<<8,1 Pdq| ri wkh vxuyh|v fduulhg rxw frqfhuq vshflhv ri
d �forvh0wr0krph� fkdudfwhu wr wkh uhvsrqghqw/ zkhuhe| wkh ydoxdwlrq pd|
uh hfw erwk xvh dqg sdvvlyh xvh ydoxhv1 Wkh vxuyh| shuiruphg khuh gl�huv
iurp wkhvh/ vlqfh lw frqfhuqv d vshflhv shulskhudo wr prvw ri wkh uhvsrqghqwv1
Krzhyhu/ zh k|srwkhvlvh wkdw hyhq shrsoh qrw olylqj lq Diulfd pljkw ydoxh
lpsuryhphqwv lq wkh vlwxdwlrq iru wkh Diulfdq hohskdqw1 Li wkh Vzhghv kdyh
d srvlwlyh ydoxdwlrq ri wkh Diulfdq hohskdqw/ wklv ydoxdwlrq pd| lqfoxgh erwk
sdvvlyh xvh ydoxhv dqg qrq0frqvxpswlyh xvh ydoxhv18

Zh kdyh wkuhh pdmru dlpv zlwk rxu vxuyh|> wkh �uvw lv wr phdvxuh wkh
Vzhghv* ZWS iru wkh frqvhuydwlrq ri wkh Diulfdq hohskdqw/ wkh vhfrqg lv wr

5Frqvlvwlqj ri erwk frqvxpswlyh dqg qrq0frqvxpswlyh xvh ydoxhv1
6Wkh whup sdvvlyh xvh ydoxh hqfrpsdvvhv d qxpehu ri vxeydoxhv/ vxfk dv qrqxvh ydoxh/

h{lvwhqfh ydoxh/ ehtxhvw ydoxh/ lqwulqvlf ydoxh dqg rswlrq ydoxh +Fduvrq hw do1 gudiw/ 4<<9,
7Lq d vwxg|/ Yuhglq +4<<8,/ h{dplqh wkh hfrqrplf ydoxhv ri dq Diulfdq hohskdqw1 Wkh

lyru| ydoxh +XV' 5/:67 lq 4<;: fxuuhqw sulfhv, dqg wkh wursk| ihh ydoxh +XV' 5/699 lq 4<;<
fxuuhqw sulfhv, fohduo| uhyhdo frqvxpswlyh xvh ydoxhv/ zkloh wkh ydoxh ghulyhg iurp d FY
vxuyh| lq Nhq|d +Eurzq ) Khqu|/ 4<;<, whoov xv vrphwklqj derxw wkh qrq0frqvxpswlyh
xvh ydoxh +XV' 4/895 lq 4<;< fxuuhqw sulfhv,1

8Wkurxjk vxevfulswlrqv wr hqylurqphqwdo rujdqlvdwlrqv/ vxfk dv wkh Zruog Zlgh Ixqg
iru Qdwxuh +ZZI, shrsoh pdnh grqdwlrqv wr vdyh hqgdqjhuhg vshflhv hyhq wkrxjk wkh|
pd| qhyhu ylvlw wkh duhdv zkhuh wkh dqlpdov uhvlgh1 Wkhvh yroxqwdu| vxevfulswlrqv fdq eh
uhjdughg dv uhyhdohg suhihuhqfhv iru wkh h{lvwhqfh ydoxh shrsoh doo ryhu wkh zruog sodfh rq
zlogolih1 Lq 4<<8 wkh Vzhglvk ZZI uhfhlyhg VHN 8915 ploolrq +XV' :1< ploolrq, iurp wkh
jhqhudo sxeolf +ZZI/ 4<<9,1
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h{dplqh zkhwkhu wkh FYP lv vxvfhswleoh wr lqwhuwhpsrudo hpehgglqj/ l1h1
lqvhqvlwlylw| wr wkh wlph0krul}rq ri wkh sd|phqw reoljdwlrq/ dqg wkh wklug lv
wr h{soruh gl�huhqfhv lq ZWS gxh wr wkh w|sh ri sd|phqw yhklfoh xvhg1

Wkh �uvw dlp lv vwudljkwiruzdug wr dffrpsolvk e| fdofxodwlqj wkh phdq
dqg phgldq dqqxdo ZWS1 Wkh vhfrqg dqg wklug dlpv duh vrphzkdw uhodwhg
dqg dgguhvv phwkrgrorjlfdo lvvxhv dvvrfldwhg zlwk wkh FY phwkrg/ vxfk dv
wkh ydoxdwlrq*v vxvfhswlelolw| wr gl�huhqwldo ydoxdwlrq vwlpxol1 Iru wkh uhvxowv
ri d FY vwxg| wr eh ydolg/ lw lv lpsruwdqw wkdw uhvsrqghqwv duh vhqvlwlyh wr
uhohydqw phwkrgrorjlfdo idfwruv/ l1h1 idfwruv suhglfwhg e| hfrqrplf wkhru|/
dqg lqvhqvlwlyh wr idfwruv qrw suhglfwhg e| hfrqrplf wkhru|1 Frqvhtxhqwo|/
wkhuh duh vrph wklqjv lq d FY vxuyh| wkdw vkrxog pdwwhu dqg wkhuh duh rwk0
huv wkdw vkrxog qrw1 Iru lqvwdqfh/ wkh wlplqj dqg iuhtxhqf| ri sd|phqwv
rxjkw/ dffruglqj wr hfrqrplf wkhru|/ pdwwhu/ zkloh/ dffruglqj wr hpslulfdo
hylghqfh/ wkh| gr qrw qhfhvvdulo| gr vr +Ndkqhpdq )Nqhwvfk/ 4<<5> Vfkndgh
) Sd|qh/ 4<<6> Vsdqlqnv ) Krhyhqdjho/ 4<<8,1 Wkh h{lvwhqfh ri lqwhuwhpsr0
udo hpehgglqj lv wurxeohvrph/ vlqfh lw idflolwdwhv pdqlsxodwlrqv ri wkh uhvxowv
iurp FY vxuyh|v/ vlpso| e| fkdqjlqj wkh sd|phqw vfkhgxoh1 D uhodwhg lvvxh
lv wkh fkrlfh ri sd|phqw yhklfoh1 Li/ iru lqvwdqfh/ wkhuh lv vwurqj dyhuvlrq wr
d sduwlfxodu sd|phqw yhklfoh/ wkh uhvxowlqj ydoxdwlrq frxog eh uhgxfhg/ qr
pdwwhu zkdw wkh �wuxh� ydoxdwlrq lv1 Wkurxjk h{shulphqwv zlwklq wkh vxuyh|/
zh h{soruh wkhvh srwhqwldoo| wurxeohvrph pdqlsxodwlrqv ri ehqh�w hvwlpdwhv
iurp FY vwxglhv1

Wkh uhpdlqghu ri wklv sdshu lv rujdqlvhg dv iroorzv= wkh qh{w vhfwlrq
jlyhv d ghvfulswlrq ri wkh vxuyh| dqg wkh h{shulphqwv fduulhg rxw zlwklq
wkh vxuyh|/ vhfwlrq wkuhh surylghv wkh uhvxowv iurp wkh vxuyh|/ vhfwlrq irxu
frqwdlqv ehqh�w hvwlpdwhv dqg �qglqjv iurp d vhqvlwlylw| dqdo|vlv/ vhfwlrq
�yh suhvhqwv wkh uhvxowv ri wkh h{shulphqwv zlwklq wkh vxuyh| dqg/ �qdoo|/
vhfwlrq vl{ glvfxvvhv wkh uhvxowv1

5 Wkh Vxuyh|

Lq Mdqxdu| 4<<9/ wkh txhvwlrqqdluh zdv pdlohg wr 4/833 Vzhglvk uhvlghqwv
+eruq ehwzhhq 4<530::/ l1h1 djhg 4; wr :8 |hduv, udqgrpo| vhohfwhg iurp
wkh Vzhglvk R!fldo Uhjlvwhu ri Shuvrqv dqg Dgguhvvhv +VSDU, +wkh prwlyh
ehklqg wkh djh0txdol�fdwlrq zdv wkdw zh zdqwhg uhvsrqghqwv zkr dujxdeo|
frxog kdyh vrph lq xhqfh rq wkh krxvhkrog exgjhw,1 Wkh txhvwlrqqdluh
ghvfulehg wkh Diulfdq hohskdqw/ lwv kdelwdw/ lwv vwdwxv dv d yxoqhudeoh vshflhv/
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wkh suhvhqw wkuhdwv djdlqvw lwv vxuylydo/ dqg dovr wkh idfw wkdw wkh hohskdqw
pljkw eh kdupixo wr lwv hqylurqphqw1 Lq wrwdo/ wkhuh zhuh 49 txhvwlrqv soxv d
pds ri Diulfd/ vkrzlqj wkh frxqwulhv zhuh wkh hohskdqw 0 wr d juhdwhu ru ohvvhu
h{whqw 0 h{lvwv +vhh Dsshqgl{ D iru wkh txhvwlrqqdluh lq lwv hqwluhw|,1 Lq wkh
ehjlqqlqj ri Iheuxdu|/ d iroorz0xs uhplqghu zdv pdlohg dqg/ dw wkh hqg ri
Iheuxdu|/ d vhfrqg uhplqghu zdv vhqw wr wkh uhpdlqlqj qrq0uhvsrqghqwv1

Dsduw iurp vrflr0hfrqrplf txhvwlrqv dqg txhvwlrqv uhjduglqj wkh uhvsrq0
ghqw*v lqwhuhvw lq wkh qdwxudo hqylurqphqw lq jhqhudo dqg lq wkh Diulfdq hoh0
skdqw lq sduwlfxodu/ wkhuh zdv d txhvwlrq/ suhfhglqj wkh ydoxdwlrq txhvwlrq/
lqwhqghg wr pdnh wkh uhvsrqghqw dzduh ri klv exgjhw frqvwudlqw1 Wkh txhv0
wlrq xujhg wkh uhvsrqghqw wr frqvlghu wkh idfw wkdw wkhuh pljkw eh rwkhu
zruwk| fdxvhv dqg2ru vrfldo lvvxhv ri lqwhuhvw wr klp/ ehdulqj lq plqg wkh
olplwv rq klv exgjhw1 Lq idfw/ rxu vxuyh| lpsolflwo| dvvxphv wkdw uhvsrq0
ghqwv shuirup wzr0vwdjh exgjhwlqj +Kdxvpdq/ 4<<6> Ghdwrq ) Pxhooedxhu/
4<;3,/ zkhuh wkh lqglylgxdo �uvw ghflghv krz wr glylgh klv wrwdo h{shqglwxuh
ehwzhhq jurxsv ri frpprglwlhv dqg wkhq doorfdwhv wkh h{shqglwxuh iru wkdw
jurxs dfurvv wkh frpprglwlhv lq wkdw jurxs1 Wzr0vwdjh exgjhwlqj lpsolhv
zhdn vhsdudelolw| ri wkh xwlolw| ixqfwlrq vr wkdw wkh pdujlqdo udwh ri vxevwl0
wxwlrq ehwzhhq/ lq wklv fdvh/ Diulfdq hohskdqwv dqg zhdowk lv lqghshqghqw ri
wkh txdqwlwlhv ri rwkhu jrrgv lq wkh xwlolw| ixqfwlrq1

Lq wkh txhvwlrq iroorzlqj wkh ydoxdwlrq txhvwlrq/ wkh uhvsrqghqw zdv dvnhg
wr prwlydwh klv ydoxdwlrq li lw zdv srvlwlyh1 Irxu suhvshfl�hg prwlyhv soxv
rqh rswlrqdo zhuh jlyhq1 Wkh uhdvrq ehklqg wkh prwlydwlrq txhvwlrq zdv wr
idflolwdwh d glylvlrq ri wkh wrwdo ydoxdwlrq lqwr gl�huhqw vxefrpsrqhqwv/ vxfk
dv xvh dqg sdvvlyh xvh ydoxhv1

Lq rxu vxuyh| zh xvh dq rshq0hqghg txhvwlrq wr holflw wkh zloolqjqhvv wr
sd|1 Dq rshq0hqghg txhvwlrq dvnv wkh uhvsrqghqw wr vwdwh klv pd{lpxp
ZWS lq d txhvwlrq olnh= �Zkdw lv wkh prvw |rxu krxvhkrog zrxog eh zloolqj
wr sd| iru111B�1 Dqrwkhu srvvleoh irupxodwlrq lv wkh forvhg0hqghg txhvwlrqlqj
irupdw/ zkhuh wkh uhvsrqghqw lv dvnhg wr dffhsw ru uhmhfw d suhvwdwhg elg/
h{suhvvhg lq whupv olnh= �Zrxog |rxu krxvhkrog eh zloolqj wr sd| '{ iru111B�
+gl�huhqw uhvsrqghqwv duh frqiurqwhg zlwk gl�huhqw suhvwdwhg dprxqwv,1 Wkh
rshq0hqghg irupdw zdv vwdqgdug sudfwlvh xqwlo wkh plg04<;3v/ exw/ vlqfh wkhq/
wkh forvhg0hqghg irupdw kdv sudfwlfdoo| ehfrph frpph lo idxw1 Lw lv dujxhg
wkdw wkh forvhg0hqghg irupdw lv vlplodu wr dq ruglqdu| pdunhw wudqvdfwlrq
zkhuh shrsoh duh frqiurqwhg zlwk srvwhg sulfhv dqg/ wkhuhiruh/ lv vdlg wr
idflolwdwh wkh ydoxdwlrq surfhvv +Kdqhpdqq/ 4<<7,1 Krzhyhu/ surylghg wkdw
wkh uhvsrqghqw dqvzhuv wuxwkixoo| dqg uhyhdov klv wuxh suhihuhqfhv +lqvwhdg
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ri/ iru h{dpsoh/ wkh shufhlyhg frvw ri wkh dphqlw| ehlqj ydoxhg,/ wkhuh lv
pruh lqirupdwlrqdo frqwhqw lq dq dqvzhu wr dq rshq0hqghg FY0txhvwlrq1
Rwkhu vwxglhv +Juhhq hw do1/ 4<<89> Vfkxo}h hw do1/ 4<;4,/ lqglfdwh wkdw wkhuh
duh vljql�fdqw glvdgydqwdjhv zlwk wkh forvhg0hqghg irupdw/ vlqfh lw lv surqh
wr vwduwlqj srlqw eldv/ zklfk phdqv wkdw uhvsrqghqwv duh lq xhqfhg e| wkh
elg jlyhq lq wkh txhvwlrqqdluh1 Wr d juhdw h{whqw/ wkh uhvsrqghqwv whqg wr
uhjdug wkh elg dv uhdvrqdeoh/ qr pdwwhu krzplvohdglqj lw lv1 Wkh h{shulphqwv
shuiruphg lq Juhhq hw do1 +lelg1, vkrz wkdw/ hyhq iru qrqprqhwdu| ydoxdwlrq/
wkh forvhg0hqghg irupdw jlyhv d vljql�fdqwo| odujhu phdq ydoxh wkdq wkh rshq0
hqghg irupdw1 Lq rxu vxuyh|/ zh kdyh fkrvhq/ zkdw zh frqvlghu d frqvhuydwlyh
vwudwhj|/ dqg hpsor|hg dq rshq0hqghg txhvwlrq wr holflw wkh ZWS1 Lq grlqj
wklv/ zh idfh wkh ulvn ri glvfrxudjlqj uhvsrqvhv dqg/ wkhuhe|/ uhgxflqj wkh
uhvsrqvh udwh1 Krzhyhu/ vlqfh zh duh orrnlqj iru wkh pd{lpxp ZWS shrsoh
duh dfwxdoo| zloolqj wr sd| 0 qrw mxvw d k|srwkhwlfdo ydoxh vwdwhg lq prqhwdu|
whupv 0 zh eholhyh wkdw h{djjhudwhg uhvsrqvhv zrxog gdpdjh rxu vwxg| pruh
vhyhuho| wkdq d orz uhvsrqvh udwh1

Ixuwkhupruh/ rxu vxuyh| dvnv iru wkh ZWS iru pdlqwdlqlqj wkh lqglylg0
xdov* lqlwldo ohyho ri xwlolw|/ l1h1 iru suhvhuylqj wkh suhvhqw khug ri hohskdqwv1
Qr h{shulphqwv xvlqj gl�huhqw srsxodwlrq ohyhov zhuh dwwhpswhg iru vhyhudo
uhdvrqv1 Iluvw/ lw lv yhu| kdug iru wkh dyhudjh Vzhgh wr mxgjh zkhwkhu d srs0
xodwlrq ri d fhuwdlq vl}h lv yldeoh ru qrw dqg/ vhfrqg/ vwxglhv ri Vzhglvk idxqd
+Erpdq ) Ervwhgw/ 4<<8> Iuhgpdq/ 4<<7, lqglfdwh wkdw/ hyhq wkrxjk wkh
uhvsrqghqwv shufhlyhg 0 lq wkhvh fdvhv wkh zroi dqg wkh zklwhedfnhg zrrg0
shfnhu 0 dv hqylurqphqwdo jrrgv +dv rssrvhg wr hqylurqphqwdo edgv,/ wkh|
pdlqo| ydoxhg vhfxulqj wkhlu vxuylydo/ qrw wkh srsxodwlrq ohyhov wkhpvhoyhv1
D vlplodu frqfoxvlrq lv uhdfkhg e| Fxpplqjv hw do1 +4<;9,/ zkr dujxh wkdw
wkh ZWS wr vdyh olyhv/ wr d juhdw h{whqw/ zloo eh lqghshqghqw ri wkh qxpehu
ri olyhv vdyhg1 Li wkh surwhfwlrq ri hqgdqjhuhg vshflhv lv ylhzhg dv d pdwwhu
ri sulqflsoh/ wklv lv d olnho| rxwfrph1 Lq vkruw/ lw vhhpv dv wkrxjk wkhuh lv
hlwkhu vdwldwlrq lq wkh sxufkdvh ri wkuhdwhqhg vshflhv/ l1h1 zkhq wkh vshflhv lv
vdlg wr kdyh uhdfkhg vrphwklqj olnh lwv plqlpxp yldeoh srsxodwlrq: wkhuh lv

9Sxeolvkhg lq Uhvrxufh dqg Hqhuj| Hfrqrplfv/ 4<<;/ 53/ ;804491
:Wkh plqlpxp yldeoh srsxodwlrq +PYS, ri d vshflhv lv gh�qhg dv wkh wkuhvkrog qxpehu

ri lqglylgxdov ri d fhuwdlq vshflhv wkdw lv qhhghg iru wkh frqwlqxhg h{lvwhqfh ri wkh vshflhv
iru d jlyhq shulrg ri wlph +Jloslq ) Vrxoì/ 4<;9,1 PYS ghshqgv rq wkh vshflhv uhvhuyrlu ri
jhqhv/ wkh hqylurqphqw hwf1 D uxoh ri wkxpe iru wkh PYS lv 833 h�hfwlyh lqglylgxdov lq wkh
srsxodwlrq1 H�hfwlyh lqglylgxdov duh gh�qhg dv lqglylgxdov zkr duh jhqhwlfdoo| lghdolvhg/

wkdw lv wkh ghjuhh ri lqeuhhglqj lv }hur +Ehjrq hw do1/ 4<<3,1 Wkh h�hfwlyh srsxodwlrq ri
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qr zloolqjqhvv wr sd| iru ixuwkhu lqfuhdvhv/ dqg2ru wkdw wkh ydoxdwlrq ri olyhv
lv wrr ydoxh0odghq wr eh iuxlwixoo| h{shulphqwhg zlwk1

Pruhryhu/ lq wkh ZWS vfhqdulr/ hohskdqw surwhfwlrq zdv wuhdwhg dv dq
�doo0ru0qrwklqj� fkrlfh1 Wkh uhvsrqghqwv zhuh dvnhg wr vwdwh wkhlu ZWS iru d
surmhfw wkdw/ zlwk d 433 shufhqw fhuwdlqw|/ zrxog jxdudqwhh hohskdqw vxuylydo1
Wkh frqvhtxhqfh ri idlolqj wr sd| zdv wkh ulvn ri hohskdqw h{wlqfwlrq1 Vlqfh
d frqvhuydwlrq surjudp pxvw eh ylhzhg dv d phdqv ri surylglqj dq lqfuhdvh
lq wkh olnholkrrg ri vshflhv vxuylydo/ lqvwhdg ri dv d jxdudqwhh iru vxuylydo/
rxu vfhqdulr fdq/ lq wkdw dvshfw/ eh ylhzhg dv d olwwoh glvkrqhvw1

Ixuwkhupruh/ wkhuh lv qr grxew derxw wkh idfw wkdw pdq| Vzhghv kdyh
ehhq lq xhqfhg e| lqirupdwlrq iurp rxwvlgh wkh vfhqdulr fuhdwhg lq wkh txhv0
wlrqqdluh/ vlqfh wkhuh kdyh ehhq pdq| qhzvsdshu duwlfohv dqg WY0surjudpv
ghvfulelqj wkh vlwxdwlrq iru wkh Diulfdq hohskdqw1 Lw lv/ wkhuhiruh/ gl!fxow wr
frpsohwho| uhvwulfw wkh holflwdwlrq wr wkh lqirupdwlrq suhvhqwhg lq wkh txhv0
wlrqqdluh1

514 H{shulphqwv zlwklq wkh Vxuyh|

Dsduw iurp wu|lqj wr hvwlpdwh wkh Vzhghv* zloolqjqhvv wr sd| iru wkh suhvhuyd0
wlrq ri wkh Diulfdq hohskdqw/ zh dovr zdqwhg wr dgguhvv vrph phwkrgrorjlfdo
lvvxhv dvvrfldwhg zlwk wkh FYP/ vxfk dv wkh phwkrg*v vxvfhswlelolw| wr gl�hu0
hqwldo ydoxdwlrq vwlpxol1 Wkurxjk h{shulphqwv zlwklq wkh vxuyh|/ zh fkhfnhg
iru gl�huhqfhv lq ZWS gxh wr yduldwlrqv lq wkh wlph0krul}rq ri wkh sd|phqw
reoljdwlrq dqg iru gl�huhqfhv lq ZWS gxh wr wkh w|sh ri sd|phqw yhklfoh
xvhg1

Wr dffrpsolvk wkh h{shulphqwv/ zh glylghg rxu vdpsoh lqwr irxu jurxsv
frqvlvwlqj ri 6:8 lqglylgxdov hdfk1 Hdfk vxejurxs +D0G, zdv udqgrpo| dv0
vljqhg d gl�huhqw wuhdwphqw1 Vpdoo yduldwlrqv lq hohphqwv ri wkh vfhqdulr uh0
jduglqj wkh sd|phqw yhklfoh dqg wkh wlph0krul}rq ri wkh sd|phqw reoljdwlrq/
phdqw wkdw hdfk vxejurxs uhfhlyhg d voljkwo| gl�huhqw ydoxdwlrq txhvwlrq1
Vxejurxs D*v sd|phqw yhklfoh zdv dq dqqxdo yroxqwdu| sd|phqw/ vxejurxs
E*v sd|phqw yhklfoh zdv dq dqqxdo yroxqwdu| sd|phqw pdgh hyhu| |hdu iru
wkuhh |hduv/ vxejurxs F*v sd|phqw yhklfoh zdv dq dqqxdo yroxqwdu| sd|phqw
pdgh hyhu| |hdu iru whq |hduv dqg/ �qdoo|/ vxejurxs G*v sd|phqw yhklfoh zdv
d wd{ uhfhlsw gxh hyhu| |hdu +vhh Dsshqgl{ D,1

lqglylgxdov lv/ wkhuhiruh riwhq pxfk ohvv wkdq wkh dfwxdo srsxodwlrq1
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51414 Lqwhuwhpsrudo Hpehgglqj 0 Lqvhqvlwlylw| wr Wlph0Iudplqj

Gl�huhqfhv lq ZWS iroorzlqj yduldwlrqv lq wlplqj dqg iuhtxhqf| ri sd|phqwv
lv rqh nlqg ri hpehgglqj h�hfw; wkdw lq xhqfhv wkh uhvxowv iurp FY vwxglhv li
uhvsrqghqwv duh xqdeoh wr fruuhfwo| glvfrxqw ixwxuh sd|phqwv1 Lqwhuwhpsrudo
hpehgglqj lv wkh uhvsrqghqw*v lqyduldqfh wr wkh wlph0krul}rq ri wkh sd|phqw
reoljdwlrq1

Zkloh hfrqrplf wkhru| grhv qrw suhglfw wkdw wkh ydoxh ri d jrrg vkrxog
eh d ixqfwlrq ri wkh iuhtxhqf| zlwk zklfk rqh kdv wr sd| iru lw</ djjuhjdwhg
ZWS hvwlpdwhv fdq eh pxfk odujhu zkhq wkh sd|phqw lv ghvfulehg dv d
frqwlqxrxv/ orqj0whup frpplwphqw wkdq dv d rqfh dqg iru doo/ oxps vxp/ ihh
+Ndkqhpdq )Nqhwvfk/ 4<<5,1 Li lqwhuwhpsrudo hpehgglqj lv suhvhqw/ wkhuh lv
qr vljql�fdqw gl�huhqfh ehwzhhq dvnlqj iru d rqh0wlph sd|phqw dqg dvnlqj iru
d vwuhdp ri sd|phqwv 0 uhvsrqghqwv zloo jlyh wkh vdph dprxqw uhjdugohvv ri
wkh qxpehu ri wlphv wkh| duh ehlqj dvnhg wr sd|1 Wkh wrwdo glvfrxqwhg ZWS
zrxog qdwxudoo| eh kljkhu lq d frqwlqxrxv txhvwlrq/ zklfk/ li xvhg iru srolf|
ghflvlrqv/ frxog khdylo| lq xhqfh wkh rxwfrph1 Frqvhtxhqwo|/ wkh h{lvwhqfh
ri lqwhuwhpsrudo hpehgglqj lv wurxeohvrph vlqfh lw idflolwdwhv pdqlsxodwlrqv
ri wkh ZWS1

Suhylrxv vwxglhv whvwlqj iru lqwhuwhpsrudo hpehgglqj duh lqfrqfoxvlyh1
Ndkqhpdq dqg Nqhwvfk +lelg1, frpsduhg d rqh0wlph sd|phqw zlwk d �yh |hdu
frqwlqxrxv sd|phqw dqg irxqg qr hylghqfh iru glvfulplqdwlrq ehwzhhq wkh
wzr sd|phqw vfkhgxohv1 Vsdqlqnv ) Krhyhqdjho +4<<8,/ rq wkh rwkhu kdqg/
irxqg vljql�fdqw gl�huhqfhv ehwzhhq d prqwko| +djjuhjdwhg wr d |hduo|, dqg
d |hduo| sd|phqw vfkhgxoh1 Fduvrq hw do1 +4<<5/ s1 5;,/ lq d slorw vwxg|/
irxqg wkdw �^111` vrph shrsoh kdg gl!fxow| dffhswlqj orqj whup sd|phqw
reoljdwlrqv�1 Wkhlu frqfoxvlrq zdv wkdw lqglylgxdov zhuh suhsduhg wr frpplw
wkhpvhoyhv wr sd|lqj gxulqj +d pd{lpxp ri, wkuhh |hduv 0 orqjhu sd|phqw
vfkhphv zhuh surqh wr uhfrqwudfwlqj1

Wr whvw wkh k|srwkhvlv ri lqwhuwhpsrudo hpehgglqj/ zh shuiruphg dq h{0

;Pdq| gl�huhqw nlqgv ri qhvwlqj dqg vhtxhqflqj lvvxhv kdyh ehhq froohfwhg xqghu wkh

khdglqj hpehgglqj/ vrph suhglfwhg e| hfrqrplf wkhru|/ rwkhuv qrw +Fduvrq ) Plwfkhoo/

4<<8,1 Vlqfh rqh fdq dvvxph wkdw suhihuhqfhv riwhq duh vkdshg e| wkh holflwlqj phwkrg/ dq|

ghprqvwudwlrq wkdw suhihuhqfhv duh vxvfhswleoh wr vhtxhqflqj dqg2ru qhvwlqj zrxog udlvh

grxewv derxw wkh dssolfdelolw| ri wkh FYP +Fxpplqjv hw do1/ 4<;9,1 Li uhvsrqvhv wr FY

vxuyh|v duh vxvfhswleoh wr pdqlsxodwlrqv +lq dq| ghvluhg gluhfwlrq,/ dqg wkhvh ydoxdwlrqv duh

lqsxw lq ehqh�w0frvw dqdo|vhv xvhg iru ohjdo ru srolf| ghflvlrqv/ wkh| fdq eh ri frqvlghudeoh

srolwlfdo vljql�fdqfh1
<Vhh Mrkdqvvrq/ 4<;:/ fk1 </ iru d ixuwkhu glvfxvvlrq rq wklv wrslf1
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shulphqw zlwk gl�huhqw wlph0krul}rqv iru wkh sd|phqw reoljdwlrq1 Vlqfh wkhuh
lv qr djuhhg edvlv rq zklfk wr fkrrvh ehwzhhq d rqh0wlph sd|phqw dqg d frq0
wlqxrxv sd|phqw vfkhph/ pdq| FY vxuyh|v dvn iru d rqh0wlph sd|phqw dqg
frpsohwho| dyrlg wkh sureohp ri lqwhuwhpsrudo hpehgglqj1 Krzhyhu/ dv wkh
olnholkrrg ri hohskdqw vxuylydo fkdqjhv hyhu| |hdu +gxh wr fkdqjhv lq wkh
hqylurqphqw/ h�hfwv iurp srdfklqj hwf1,/ zh irxqg lw pruh uhdvrqdeoh wr
xvh d frqwlqxrxv sd|phqw vfkhph1 Lq h�hfw/ zh xvhg wkuhh gl�huhqw vshf0
l�fdwlrqv ri wkh wlph0krul}rq lq rxu txhvwlrqqdluh1 Wkh pdlq dlp zdv wr
frpsduh wkh dqqxdo ZWS iurp d wkuhh |hdu frpplwphqw zlwk wkdw iurp d
whq |hdu frpplwphqw1 Lw zdv/ krzhyhu/ dovr srvvleoh wr frpsduh wkhvh vshfl0
�hg frpplwphqwv zlwk dq xqvshfl�hg frpplwphqw1 Rxu k|srwkhvlv zdv wkdw
li wkh uhvsrqghqwv glg qrw dffhsw wkh orqj0whup fkdudfwhu ri wkh frpplwphqw/
wkhuh zrxog eh qr vljql�fdqw gl�huhqfh lq phdq dqqxdo ZWS ri vxevdpsohv
D +xqvshfl�hg,/ E +wkuhh |hduv, dqg F +whq |hduv,1

51415 Sd|phqw Yhklfoh Lvvxhv

Dv dphqlwlhv ehlqj ydoxhg lq FY vxuyh|v duh qrw pdunhw jrrgv/ wkh sd|0
phqw yhklfoh lv fkrvhq rq wkh edvlv ri uhdolvp/ l1h1 zkdw phwkrg ri sd|phqw
zrxog prvw olnho| eh wkh fdvh li wkh jrrg zdv dq ruglqdu| pdunhw jrrg1 Wkh
sd|phqw yhklfoh fkrvhq vkrxog/ wkhuhiruh/ kdyh d sodxvleoh dqg uhdolvwlf frq0
qhfwlrq wr wkh jrrg ydoxhg1 Krzhyhu/ uhphpehulqj wkdw ydoxdwlrq lv fodlphg
wr eh frqwh{w ghshqghqw +Fxpplqjv hw do1/ 4<;9> Fduvrq hw do1/ 4<<9,/ gli0
ihuhqw sd|phqw yhklfohv ru gl�huhqw lqvwlwxwlrqv ri surylvlrq pd| uhvxow lq
gl�huhqw ydoxdwlrqv1

Lq rxu vxuyh|/ zh eholhyh wkdw wzr gl�huhqw sd|phqw yhklfohv duh ihdvl0
eoh 0 d yroxqwdu| grqdwlrq dqg d wd{ sd|phqw1 Wkh yroxqwdu| grqdwlrq lv
sodxvleoh vlqfh hqylurqphqwdo rujdqlvdwlrqv/ vxfk dv iru lqvwdqfh wkh ZZI/
urxwlqho| zrun wr udlvh ixqgv wr suhvhuyh hqgdqjhuhg vshflhv dqg hfrv|vwhpv1
Dffruglqjo|/ lw vhhpv wr eh dq hvwdeolvkhg zd| iru uhvsrqghqwv wr �ex|� vxfk
dphqlwlhv1 Wkh wd{ sd|phqw shukdsv qhhgv ixuwkhu h{sodqdwlrq1 Vlqfh wkhuh
lv d jurzlqj frqfhuq iru hqylurqphqwdo sureohpv/ wkhuh lv dovr d jurzlqj
dzduhqhvv wkdw pdq| ri wkh zruog*v hqylurqphqwdo sureohpv duh ri d joredo
fkdudfwhu1 Wkh suhvhuydwlrq ri wkuhdwhqhg vshflhv lv rqh vxfk zruog0zlgh
sureohp1 Lq rughu wr vorz grzq/ ru kdow/ wkh surfhvv ri vshflhv h{wlqfwlrq/
lw lv suredeo| qhfhvvdu| iru qdwlrqv wr frrshudwh1 Vxfk joredo frrshudwlrq
zrxog/ prvw olnho|/ eh kdqgohg e| wkh vwdwh dw wkh qdwlrqdo ohyho/ dqg/ frqvh0
txhqwo|/ d wd{ sd|phqw zrxog eh dssursuldwh1
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Li zh dvvxph wkh wd{ wr eh ri glvwruwlrqdu| fkdudfwhu/ zh fdq frpsduh
wkh zhoiduh h�hfwv iurp wkh wd{ zlwk wkh zhoiduh h�hfwv iurp wkh yroxqwdu|
sd|phqw/ jlyhq d suhvshfl�hg uhyhqxh iurp wkh gl�huhqw sd|phqwv1 Li wkh
lqglylgxdo xqghu rqh sd|phqw vfkhph orvhv pruh lq zhoiduh wkdq lq wkh rwkhu/
wkhuh zrxog eh qr udwlrqdo uhdvrq iru klp wr eh zloolqj wr sd| pruh xqghu
wkh vfkhph zkhuh kh orvhv pruh1

Irupdoo|/ wkh lqglylgxdo frqiurqwv wkh sureohp ri pd{lplvlqj klv xwlolw|
�E c ^�/ zkhuh  lv d yhfwru ri frqyhqwlrqdo pdunhw frpprglwlhv dqg ^ lv wkh
vwdwxv ri d qrq0pdunhw hqylurqphqwdo frpprglw| +hohskdqwv,/ vxemhfw wr d
exgjhw frqvwudlqw1 Vroylqj wkh xwlolw| pd{lplvdwlrq sureohp |lhogv d vhw ri
ghpdqg ixqfwlrqv dqg dq lqgluhfw xwlolw| ixqfwlrq/ �ETc ^c +�/ zkhuh T lv d
yhfwru ri pdunhw sulfhv dqg + lv wkh lqglylgxdo*v lqfrph1

Vxssrvh wkdw ^ kdv wzr vwdwhv/ ^f dqg ^�c zkhuh ^f uhsuhvhqwv wkh suhvhqw
vwrfn ri Diulfdq hohskdqwv dqg ^� d vwdwh zkhuh hohskdqwv duh h{wlqfw1 D
fkdqjh lq ^ iurp ^f wr ^�/ ohdgv wr d uhgxfwlrq lq zhoiduh1 Wkh pd{lpxp
dprxqw dq lqglylgxdo zrxog eh zloolqj wr sd| wr dyrlg wklv zhoiduh ghwhulr0
udwlrq lv htxdo wr wkh htxlydohqw yduldwlrq +.,1 . lv gh�qhg dv wkh dprxqw
pdnlqj Htxdwlrq +4, krog wuxh=

�ETc ^fc + �.� ' �ETc ^�c +�� +4,

D jhqhudo uhvxow iroorzlqj iurp hfrqrplf wkhru| lv wkdw li suhihuhqfhv duh
frqyh{/ wkh lqglylgxdo lv zruvh r� idflqj d glvwruwlrqdu| wd{/ |/ wkdq d oxps
vxp wd{/ A / jhqhudwlqj wkh vdph uhyhqxh/ - +Yduldq/ 4<<5/ fk1;,1 Wklv lv
wkh fdvh vlqfh doo wd{hv/ dsduw iurp oxps vxp wd{hv/ fdxvh ghdgzhljkw orvvhv1
Frqvhtxhqwo|/ lw fdq eh vkrzq wkdw �ETc ^fc +� A � : �ETc ^fc E�� |�+�/ jlyhq
A ' -E|�1

Frqvlghu wzr vfkhphv/ rqh zkhuh wkh lqglylgxdo sd|v d yroxqwdu| oxps
vxp/ A / dqg dqrwkhu zkhuh kh sd|v d glvwruwlrqdu| wd{/ |e/ jhqhudwlqj wkh
vdph uhyhqxh iru hohskdqw surwhfwlrq/ A ' -E|e�1 Li A lv fdoleudwhg wr htxdo
. lq Htxdwlrq +4,/ lw iroorzv wkdw wkh lqgluhfw xwlolw| dfklhyhg xqghu wkh
yroxqwdu| sd|phqw vfkhph lv odujhu wkdq wkh lqgluhfw xwlolw| dfklhyhg xqghu
wkh wd{ sd|phqw/ �ETc ^�c +� ' �ETc ^fc + � .� : �ETc ^fc E�� |e�+�1 Lq rughu
wr htxdwh wkh odvw sduw ri wklv h{suhvvlrq/ wkh uhyhqxh iurp wkh glvwruwlrqdu|
wd{ sd|phqw -E|e� pxvw eh ohvv wkdq ./ l1h1 -E|e� 	 .1

Wkhuhiruh/ zh h{shfw wkdw uhvsrqghqwv zloo eh zloolqj wr sd| pruh +ru dw
ohdvw qrw ohvv, zkhq ehlqj dvnhg wr sd| yroxqwdulo|/ wkdq zkhq ehlqj dvnhg wr
sd| d wd{1 Khqfh/ zh zdqw wr whvw zkhwkhu wkh ZWS iurp wkh wd{ sd|phqw
lv vljql�fdqwo| vpdoohu wkdq wkh ZWS iurp wkh yroxqwdu| sd|phqw1
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Wdeoh 4= Uhvsrqvh udwhv ri wkh gl�huhqw vxevdpsohv1

D E F G Wrwdo
Pdlq vdpsoh 6:8 6:8 6:8 6:8 4/833
Uhdo vdpsoh 69: 6:4 69< 69< 4/7:9
Uhwxuqhg eodqn ; 43 46 : 6;
Uhvsrqvhv 566 554 546 554 ;;;
Uhvsrqvh udwh +(, 9618 8<19 8:1: 8<1< 9315
Qrwh= Wkh uhdo vdpsoh lv wkh pdlq vdpsoh ohvv wkh txhvwlrqqdluhv

wkdw zhuh xqgholyhudeoh gxh wr xqnqrzq dgguhvv/ vhyhuh looqhvv

ru orqjhu vwd|v deurdg1

6 Uhvxowv iurp wkh Vxuyh|

614 Wkh Uhvsrqvh Udwh

Wkh uhvsrqvh udwh wr d pdlo vxuyh| fdq ghshqg rq vhyhudo ihdwxuhv ri wkh
txhvwlrqqdluh= ghvljq/ vxemhfw frqwhqw/ ohqjwk/ frpsoh{lw| dqg wlplqj +Eurzq
hw do1/ 4<;<,1 H�ruwv zhuh pdgh wr uhgxfh wkh frpsoh{lw| ri wkh txhvwlrqv
dqg wr pdnh wkh txhvwlrqqdluh dv vkruw dqg dwwudfwlyh dv srvvleoh wr wkh uh0
vsrqghqw1 Dv phqwlrqhg deryh/ wkh txhvwlrqqdluh zdv pdlohg lq Mdqxdu| dqg
Iheuxdu|1 Zh mxgjhg wkdw wkh fkrlfh ri wkhvh wzr prqwkv zrxog pd{lplvh
wkh uhvsrqvh udwh/ dv shrsoh duh dw krph dqg lqgrruv wr d juhdwhu h{whqw
wkdq dw rwkhu wlphv ri wkh |hdu +dw ohdvw lq Vzhghq,1 Krzhyhu/ lw frxog eh
vxvshfwhg wkdw wkh vxemhfw ri wkh txhvwlrqqdluh/ wkh Diulfdq hohskdqw/ zrxog
rqo| eh ri shulskhudo frqfhuq wr prvw ri wkh uhvsrqghqwv/ d idfw wkdw frxog
srvvleo| ohdg wr d orzhu uhvsrqvh udwh +Plwfkhoo ) Fduvrq/ 4<;<,1

Ri wkh 4/833 txhvwlrqqdluhv wkdw zhuh vhqw rxw/ ;;; frpsohwho| ru sdu0
wldoo| dqvzhuhg zhuh uhwxuqhg1 Dgmxvwlqj iru wkrvh wkdw zhuh uhwxuqhg gxh
wr xqnqrzq dgguhvv/ vhyhuh looqhvv ru orqjhu vwd|v deurdg +d wrwdo ri 57,/ wkh
ryhudoo uhvsrqvh udwh zdv 9315 shufhqw +vhh Wdeoh 4,1

615 Jhqhudo Fkdudfwhulvwlfv ri wkh Vdpsoh

Lq rughu wr eh deoh wr pdnh lqihuhqfhv iurp rxu vxuyh|/ lw lv lpsruwdqw wkdw
rxu vdpsoh grhv qrw/ lq dq| vxevwdqwldo zd|/ gl�hu iurp wkh srsxodwlrq iurp
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Wdeoh 5= Ghvfulswlyh fkdudfwhulvwlfv/ vzhglvk dyhudjhv +VD, iurp VFE +4<<8,1

Yduldeoh Phdq FL +<8(, VD
Krxvhkrog vl}h 5198 5189 0 51:7 5147
Fkloguhq shu krxvhkrog 319; 3194 0 31:7 317:
Djh +|hduv, 77155 7614< 0 78158 76168@

Vh{ +pdoh@32ihpdoh@4, 3184 317: 0 3187 3184
Hgxfdwlrq +|hduv, 44197 44175 0 441;9 4417:K

PhpehuvklsS 314; 3148 0 3153 313;_

Krxvhkrog lqfrph +VHN2prqwk, 56/48; 55/583 0 57/399 55/:33e
@ Uhihuv wr doo Vzhglvk flwl}hqv eruq ehwzhhq 4<530::1
K Uhihuv wr wkh hgxfdwlrqdo ohyho ri shuvrqv lq wkh oderxu irufh djhg ehwzhhq 49097

|hduv1
S Phpehuvkls ri dq hqylurqphqwdo rujdqlvdwlrq1
_ Kçoo +4<<7,1 Uhihuv wr phpehuv +djhg ehwzhhq 49 dqg ;7 |hduv, ri hqylurq0

phqwdo rujdqlvdwlrqv +�plomùrujdqlvdwlrqhu�,/ vxfk dv Juhhqshdfh dqg wkh Vzhglvk

Vrflhw| iru Qdwxuh Frqvhuydwlrq lq 4<<51
e Lqfrph 4<<9/ l1h1 lqfrph 4<<7 dgmxvwhg zlwk dq lqgh{ ri oderxu frvwv1

zklfk lw lv gudzq1 Zh kdyh/ wkhuhiruh/ pdgh frpsdulvrqv ehwzhhq wkh fkdu0
dfwhulvwlfv ri wkh vdpsoh dqg wkhlu qdwlrqdo frxqwhusduwv +vhh Wdeoh 5,1

Wzr vdpsoh phdqv wkdw duh vljql�fdqwo| gl�huhqw iurp wkhlu qdwlrqdo
frxqwhusduwv duh wkh krxvhkrog vl}h dqg wkh qxpehu ri fkloguhq +shuvrqv 	
4; |hduv, lq wkh krxvhkrog1 Rwkhu FY vwxglhv shuiruphg lq Vzhghq +Iuhg0
pdq/ 4<<7> Erpdq ) Ervwhgw/ 4<<8> Oùijuhq hw do1/ 4<<8, kdyh dovr irxqg
krxvhkrog vl}hv ri wkh vdph rughu ri pdjqlwxgh1 D sodxvleoh uhdvrq iru wkh
gl�huhqfh ehwzhhq wkh vdpsoh dqg wkh srsxodwlrq/ lv wkdw shuvrqv roghu wkdq
:8 |hduv zhuh rplwwhg iurp wkh vdpsoh +pdq| vxfk krxvhkrogv duh vlqjoh
shuvrq krxvhkrogv,/ zkloh wkhlu lqfoxvlrq zrxog uhgxfh wkh dyhudjh krxvh0
krog vl}h1 Lq wklv vhqvh wkhuh zdv dq ryhuuhsuhvhqwdwlrq ri |rxqj krxvhkrogv
lq wkh vdpsoh 0 d idfw wkdw dovr pd| h{sodlq wkh kljkhu suhvhqfh ri fkloguhq1
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616 Vdpsoh Vhoi0Vhohfwlrq

D srwhqwldo sureohp lq FY pdlo vxuyh|v/ zklfk uhvxowv iurp qrquhvsrqvh/
lv eldv fdxvhg e| vhoi0vhohfwlrq1 Plwfkhoo ) Fduvrq +4<;<, vxjjhvw wkdw wkh
ZWS dprxqw rewdlqhg iurp d pdlo vxuyh| frxog eh eldvhg xszdug/ vlqfh
wkrvh pruh lqwhuhvwhg lq wkh jrrg duh pruh olnho| wr uhwxuq wkh txhvwlrq0
qdluh1 Li iru lqvwdqfh/ lq rxu fdvh/ phpehuv ri hqylurqphqwdo rujdqlvdwlrqv
kdyh deryh dyhudjh uhvsrqvh udwhv dqg deryh dyhudjh hqylurqphqwdo ydoxhv/
wkh ehqh�w hvwlpdwh zloo eh ryhuhvwlpdwhg1 Li wklv eldv lv vhyhuh/ djjuhjdwh
ehqh�w hvwlpdwhv fdq ryhuhvwlpdwh wkh ehqh�wv zlwk dv pxfk dv 83 shufhqw
+Zklwhkhdg/ 4<<4,1

Wkh vwdwlvwlf lqglfdwlqj phpehuvkls ri dq hqylurqphqwdo rujdqlvdwlrq/
lv kljkhu lq rxu uhdolvhg vdpsoh wkdq wkh qdwlrqdo htxlydohqw1 D idfw wkdw
frxog frqwulexwh wr lq dwlqj rxu ydoxh lv rxu gh�qlwlrq ri phpehuvkls= li wkh
uhvsrqghqw lqglfdwhg wkdw kh zdv phpehu ru kdg frqwulexwhg �qdqfldoo| wr
dq hqylurqphqwdo rujdqlvdwlrq +vrphwlphv zlwkrxw ehlqj d �uhdo� phpehu,/
wkh ydoxh ri phpehuvkls zdv vhw htxdo wr rqh1 Dq dowhuqdwlyh lqwhusuhwd0
wlrq zrxog eh wkdw wkh kljkhu phpehuvkls ydoxh lqglfdwhv wkdw rxu vdpsoh
vx�huv iurp vdpsoh vhoi0vhohfwlrq1 Vlqfh wkh qdwlrqdo dyhudjh uhsruwhg e|
Kçoo +4<<7, lv glylghg lqwr wzr jurxsv= �Plomùrujdqlvdwlrqhu� +Hqylurqphq0
wdo Rujdqlvdwlrqv, dqg �Iuloxiwviùuhqlqjdu� +Uhfuhdwlrqdo Rujdqlvdwlrqv,43/
lw lv qrw srvvleoh wr pdnh d vwudljkwiruzdug frpsdulvrq ehwzhhq rxu vdpsoh
dqg wkh qdwlrqdo �jxuh1 Kçoo +lelg1, hvwlpdwhv wkdw ;18 shufhqw ri wkh srs0
xodwlrq ehwzhhq 490;7 |hduv ehorqj wr dq hqylurqphqwdo rujdqlvdwlrq/ zkloh
wkh phpehuvkls ri uhfuhdwlrqdo rujdqlvdwlrqv lv <16 shufhqw1 Zkhq dvnlqj iru
phpehuvkls lq rxu vxuyh|/ wkuhh gl�huhqw h{dpsohv ri hqylurqphqwdo rujdq0
lvdwlrqv zhuh jlyhq +Zruog Zlgh Ixqg iru Qdwxuh/ Juhhqshdfh/ wkh Vzhglvk
Vrflhw| iru Qdwxuh Frqvhuydwlrq,1 Li wkh uhvsrqghqw vwdwhg phpehuvkls ri dq
hqylurqphqwdo rujdqlvdwlrq/ kh zdv dvnhg wr qdph wkh rujdqlvdwlrq+v,1 Vlqfh
wkhuh lv qr forvh pdwfk ehwzhhq wkh rujdqlvdwlrqv vwdwhg xqghu wkh gl�huhqw
khdglqjv e| Kçoo/ dqg wkh rujdqlvdwlrqv uhsruwhg e| rxu uhvsrqghqwv/ d frp0
sdulvrq pdnhv olwwoh vhqvh1 Pruhryhu/ wkhuh lv qr fruuhvsrqghqfh ehwzhhq wkh
djh jurxsv xvhg e| Kçoo dqg wkh rqhv lq rxu vxuyh|1 Vroho| e| frpsdulvrq
zlwk Kçoo*v �jxuhv/ lw lv lqfrqfoxvlyh zkhwkhu vdpsoh vhoi0vhohfwlrq h{lvwv lq
rxu uhdolvhg vdpsoh441

43Dxwkru*v wudqvodwlrq1
44Wkh phdqZWS iru phpehuv lv VHN 58;183 +phgldq VHN 483,/ zkloh iru qrq0phpehuv

lw lv VHN 5661;3 +phgldq VHN 433,1 Whvwlqj iru vljql�fdqw gl�huhqfhv ehwzhhq wkh phdqv
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Wdeoh 6= Phdq dqg phgldq iru wkh hduo|/ lqwhuphgldwh dqg odwh duulydov1

Duulydo Phdq Phgldq Fdvhv
Hduo| 57<16 433 76;
Lqwhuphgldwh 5631; 433 566
Odwh 53315 433 439
Qrwh= Wdeoh ydoxhv duh edvhg rq wkh ZWS4

phdvxuh +vhh Dsshqgl{ F,1

Qhyhuwkhohvv/ doehlw/ lq d fuxgh zd|/ zh zhuh deoh wr whvw wkh k|srwkhvlv
ri vhoi0vhohfwlrq1 Dv zh uhjlvwhuhg wkh gdwh ri duulydo iru wkh txhvwlrqqdluhv/
lw zdv srvvleoh wr frpsduh hduo| duulydov +qr iroorz0xs pdlolqj, zlwk lqwhu0
phgldwh +rqh iroorz0xs, dqg odwh duulydov +wzr iroorz0xsv,1 Rxu k|srwkhvlv
zdv wkdw hduo| duulydov zhuh pruh lqwhuhvwhg lq wkh Diulfdq hohskdqw dqg/
wkhuhiruh/ sodfhg d kljkhu ydoxh rq lwv vxuylydo1

Phuho| e| orrnlqj dw wkh phdqv +Wdeoh 6,/ zh vhh wkdw wkh phdq iurp
hduo| duulydov lv odujhu wkdq wkh phdq iurp lqwhuphgldwh duulydov/ zklfk/ lq
wxuq/ lv odujhu wkdq wkh phdq iurp odwh duulydov1 Wkh Vfkh�ì45 whvw uhyhdov qr
vljql�fdqw gl�huhqfhv ehwzhhq wkh wkuhh jurxsv dw wkh 8 shufhqw ohyho1 Krz0
hyhu/ xvlqj wkh qrqsdudphwulf Nuxvndo0Zdoolv M0vwdwlvwlf46/ zh fdq uhmhfw wkh
k|srwkhvlv wkdw doo wkuhh jurxsv kdyh htxdo glvwulexwlrqv +R0ydoxh= f�ff�H,1
Sdluzlvh Pdqq0Zklwqh| whvwv47 ri hduo|/ lqwhuphgldwh dqg odwh duulydov uh0

zlwk d w0whvw/ qr vljql�fdqw gl�huhqfh lv irxqg dw wkh 8( ohyho1
45Wkh Vfkh�ì whvw lv d frqvhuydwlyh surfhgxuh iru pdnlqj vhyhudo frpsdulvrqv ri phdqv

vlpxowdqhrxvo|1 Wkh surfhgxuh zlghqv wkh lqglylgxdo frq�ghqfh lqwhuydov vr wkdw doo frp0

sdulvrqv ehwzhhq phdqv krog wuxh vlpxowdqhrxvo|/ dw d suhvfulehg ohyho ri frq�ghqfh1

Dqrwkhu dgydqwdjh lv wkdw wkh surfhgxuh grhv qrw uhtxluh htxdo vdpsoh vl}hv1 Iru ixuwkhu

ghwdlov/ vhh Ploohu ) Zlfkhuq +4<::,1
46Wkh whvw lv shuiruphg e| frpelqlqj dqg udqnlqj wkh revhuydwlrqv iurp wkh wkuhh

vdpsohv +wkh vpdoohvw zloolqjqhvv wr sd| lv jlyhq udqn 4/ wkh qh{w lv jlyhq 5 dqg vr iruwk,1

Wkh ydoxh ri hdfk revhuydwlrq lv wkhq uhsodfhg e| lwv udqn dqg/ frqvhtxhqwo|/ e| xvlqj wkh

udqn lqvwhdg ri wkh dfwxdo ydoxh/ wkh whvw lv qrw d�hfwhg e| rxwolhuv1 Iru hdfk jurxs wkh

udqnv duh vxpphg dqg wkh Nuxvndo0Zdoolv K 0vwdwlvwlf lv frpsxwhg1 Wkh K 0vwdwlvwlf kdv

dssur{lpdwho| d fkl0vtxduhg glvwulexwlrq1 Vlqfh wkh Nuxvndo0Zdoolv whvw vwdwlvwlf lv edvhg

rq wkh udqnv ri wkh elgv/ wkhuh lv uhdvrq wr vxvshfw wkdw wkh xqghuo|lqj glvwulexwlrqv duh

gl�huhqw li rqh ri wkh jurxsv kdv pruh wkdq lwv vkduh ri odujh ydoxhv iru wkh zloolqjqhvv wr

sd| +Qruxvlv/ 4<<6,1
47Wkh Pdqq0Zklwqh| whvw/ ru wkh Zlofr{rq whvw/ lv d qrqsdudphwulf whvw iru gl�huhqfhv
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yhdo vljql�fdqw gl�huhqfhv ehwzhhq hduo| dqg lqwhuphgldwh duulydov +R0ydoxh=
f�ffDb,/ dqg ehwzhhq hduo| dqg odwh duulydov +R0ydoxh= f�ff�b,1 Krzhyhu/
qr vljql�fdqw gl�huhqfh lv irxqg ehwzhhq lqwhuphgldwh dqg odwh duulydov +R0
ydoxh= f�e2�b,1 Wkxv/ lw vhhpv dv wkrxjk wkhuh duh pruh kljk elgv dprqj
hduo| duulydov wkdq dprqj lqwhuphgldwh dqg odwh duulydov1 Wklv lv d pruh frq0
ylqflqj lqglfdwru ri vdpsoh vhoi0vhohfwlrq/ frpsduhg zlwk wkh vdpsoh0vwdwlvwlf
iru phpehuvkls ri hqylurqphqwdo rujdqlvdwlrqv1 Lw lv zruwk qrwlqj wkdw wkh
phgldq lv VHN 433/ luuhvshfwlyh ri zkhwkhu wkh uhvsrqghqw uhfhlyhg qr ru rqh
ru wzr iroorz0xs uhplqghuv1 Wkxv/ li wkh phgldq lv xvhg dv d ehqh�w phdvxuh/
wkh srwhqwldo eldv iurp vdpsoh vhoi0vhohfwlrq lv plwljdwhg1

617 Lqwhuvdpsoh Gl�huhqfhv

Dqrwkhu txhvwlrq wkdw dulvhv/ kdylqj gl�huhqw vxevdpsohv/ lv zkhwkhu wkh
vxevdpsohv gl�hu iurp hdfk rwkhu lq dq| vljql�fdqw zd|/ l1h1 duh wkhuh lq0
whuvdpsoh gl�huhqfhvB Dv zh zdqw wr frpsduh phdqv E>�� iurp gl�huhqw
vxevdpsohv E� ' �c�c�c(�/ lw lv lpsruwdqw wkdw rwkhu fkdudfwhulvwlfv/ vxfk
dv vrfldo dqg hfrqrplf vwdwxv/ duh vlplodu ehwzhhq wkh vxevdpsohv1 Wkh h{0
lvwhqfh ri lqwhuvdpsoh gl�huhqfhv zrxog frpsolfdwh k|srwkhvlv whvwlqj/ vlqfh
zh zrxog qrw eh deoh wr whoo zlwk fhuwdlqw| zkhwkhu d gl�huhqfh lv uhdo/ ru
gxh wr vrph gl�huhqfh lq vrflr0hfrqrplf yduldeohv1 Wkh k|srwkhvlv zh zdqw
wr whvw iru lqwhuvdpsoh gl�huhqfhv lv

Mf G >
�
� ' >�� ' >�� ' >(�

zkhuh � ' krxvhkrog vl}h/ fkloguhq shu krxvhkrog/ djh/ vh{/ hgxfdwlrq/ php0
ehuvkls dqg prqwko| jurvv lqfrph1

Li zh duh xqdeoh wr uhmhfw Mf iru dq| ri wkh vrflr0hfrqrplf yduldeohv �/ zh
fdq surfhhg zlwk pdnlqj frpsdulvrqv ehwzhhq phdq ZWS ri vxevdpsohv
D0G1

Whvwlqj wkh deryh k|srwkhvlv zlwk Vfkh�ì whvwv/ zh �qg qr vljql�fdqw gli0
ihuhqfhv ehwzhhq wkh vxevdpsohv iru krxvhkrog vl}h/ fkloguhq shu krxvhkrog/
djh/ hgxfdwlrq/ prqwko| jurvv krxvhkrog lqfrph dqg phpehuvkls1 Krzhyhu/
zh �qg d vljql�fdqw gl�huhqfh ehwzhhq vxevdpsohv F dqg G frqfhuqlqj wkh

lq wkh glvwulexwlrq ri wzr lqghshqghqw vdpsohv1 Dv lq wkh Nuxvndo0Zdoolv whvw/ wkh ydoxhv

ri wkh revhuydwlrqv duh uhsodfhg e| udqnv1 Wkh whvw vwdwlvwlf lv wkh vxp ri udqnv iru hdfk

ri wkh wzr jurxsv +Qruxvlv/ 4<<6,1
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sursruwlrq ri pdoh uhvsrqghqwv1 Lw dsshduv wkdw wkhuh lv dq xqghuuhsuhvhq0
wdwlrq ri phq lq vxevdpsoh F frpsduhg zlwk vxevdpsoh G1 Krzhyhu/ vlqfh
zh kdyh qr k|srwkhvlv wr whvw wkdw uhtxluhv d gluhfw frpsdulvrq ehwzhhq
wkhvh vxevdpsohv/ wkh sudfwlfdo lpsolfdwlrqv ri wklv gl�huhqfh duh vrphzkdw
uhgxfhg1

618 Qrquhvsrqvhv

Idlolqj wr uhvsrqg wr d pdlo vxuyh| lv dq lqh{shqvlyh vwudwhj| iru wkh uh0
vsrqghqw/ dv kh grhv qrw shuvrqdoo| kdyh wr lqirup wkh lqwhuylhzhu derxw klv
ghflvlrq1 Wkhuhiruh/ wkh qrquhvsrqvh udwh lv iuhtxhqwo| kljkhu lq pdlo vxu0
yh|v wkdq lq shuvrqdo ru skrqh lqwhuylhz vxuyh|v +Zklwhkhdg/ 4<<4,1 Vlqfh
zh uhfhlyhg ;;;/ pruh ru ohvv/ xvdeoh dqvzhuv/ wkhuh zhuh 945 qrquhvsrqvhv
wr rxu txhvwlrqqdluh1 Wkhvh qrquhvsrqvhv frqvlvw ri qrq0uhwxuqhg xqlw qrq0
uhvsrqvhv48 +898,/ uhwxuqhg xqlw qrquhvsrqvhv +6;, dqg uhsruwhg devhqw +57,1
Lqfoxghg lq wkh uhwxuqhg xqlw qrquhvsrqvhv duh �iwhhq dqrq|prxvo| uhwxuqhg
txhvwlrqqdluhv1 Dv zh frxog qrw dw dq| srlqw lghqwli| dqg/ wkhuhiruh/ uhpryh
dqrq|prxv uhvsrqghqwv iurp rxu vdpsoh/ lw zdv lqhylwdeoh wkdw hyhu| dqrq|0
prxv uhvsrqghqw uhfhlyhg wzr iroorz0xs uhplqghuv1 Frqvhtxhqwo|/ wkhuh lv
d vpdoo srvvlelolw| wkdw zh uhfhlyhg pruh wkdq rqh dqvzhu iurp vrph/ ru
doo/ ri wkh dqrq|prxv uhvsrqghqwv1 Dv zh frxog qrw vlqjoh rxw dqrq|prxv
uhvsrqghqwv/ zh kdyh/ lq wrwdo/ 95: qrquhvsrqghqwv1

Wkh h{lvwhqfh ri qrquhvsrqvhv frxog ohdg wr vdpsoh qrquhvsrqvh eldv
dqg2ru vdpsoh vhohfwlrq eldv1 Vlqfh qr iroorz0xs vxuyh| ri wkh qrquhvsrq0
ghqwv zdv fduulhg rxw/ wkh rqo| lqirupdwlrq zh kdyh derxw wkh qrquhvsrq0
ghqwv lv wkhlu djh/ vh{ dqg sodfh ri uhvlghqfh1 Qdwxudoo|/ vrph gl�huhqfhv
duh erxqg wr h{lvw ehwzhhq uhvsrqghqwv dqg qrquhvsrqghqwv 0 lq wklv fdvh
wkh dyhudjh djh lv kljkhu dqg wkhuh duh pruh zrphq dqg xuedq uhvlghqwv
dprqj wkh qrquhvsrqghqwv +phdq ydoxhv,1 Krzhyhu/ whvwlqj iru htxdolw| ri
phdqv ehwzhhq uhvsrqghqwv dqg qrquhvsrqghqwv xvlqj wzr0vlghg |0whvwv/ qr
vljql�fdqw gl�huhqfhv fdq eh irxqg dw wkh 8 shufhqw ohyho1 Qrq0sdudphwulf
whvwv dw wkh 8 shufhqw ohyho +Pdqq0Zklwqh| iru djh dqg fkl0vtxduhg whvwv ri
sursruwlrqv iru vh{ dqg uhvlghqfh, ixuwkhu uhlqirufh wkh frqfoxvlrq wkdw wkhuh
duh qr vljql�fdqw gl�huhqfhv ehwzhhq uhvsrqghqwv dqg qrq0uhvsrqghqwv1

Wdnlqj lqwr frqvlghudwlrq wkdw wkh uhdolvhg vdpsoh zdv idluo| uhsuhvhqwd0

48Xqlw qrquhvsrqvh rffxuv zkhq wkh uhvsrqghqw idlov wr uhvsrqg wr doo ri wkh txhvwlrqv

ri wkh txhvwlrqqdluh1
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wlyh iru wkh Vzhglvk srsxodwlrq dqg wkdw wkh qrquhvsrqghqwv glg qrw vljql�0
fdqwo| gl�hu iurp wkh uhvsrqghqwv lq wkh yduldeohv frpprq wr erwk jurxsv/
zh eholhyh wkdw lw lv uhdvrqdeo| vdih wr pdnh ydoxh lqihuhqfhv1

7 Ehqh�w Hvwlpdwhv

714 Phdq dqg Phgldq

Lq rughu wr dffrpsolvk wkh �uvw dlp ri rxu vxuyh|/ zh fdofxodwhg phdq dqg
phgldq ZWS iru wkh gl�huhqw vxejurxsv +vhh Wdeoh 7,1 Qr h{solflwo| vwdwhg
grq*w nqrz dowhuqdwlyh zdv jlyhq dv dq rswlrq lq wkh ydoxdwlrq txhvwlrq/
hyhq wkrxjk wklv lv uhfrpphqghg e| Plwfkhoo dqg Fduvrq +4<;<, lq rughu
wr oljkwhq wkh wdvn iru uhvsrqghqwv zkr duh qrw deoh wr frqfhswxdolvh wkh
dphqlw| vx!flhqwo| wr eh deoh wr ydoxh lw1 Zh eholhyhg lw zrxog eh wrr
hdv| d zd| rxw dqg fkrvh wr rplw wkh dowhuqdwlyh1 Edvhg rq wkh dqvzhuv wr
wkh ydoxdwlrq txhvwlrq/ wkh gdwd rq ZWS fdq eh glylghg lqwr �yh gl�huhqw
fdwhjrulhv> srvlwlyh ydoxhv/ }hurv/ grq*w nqrzv/ �eduv�49 dqg eodqnv1 Wkh
srvlwlyh ydoxhv dqg wkh }hurv fdq eh phujhg lqwr d qrq0qhjdwlyh jurxs/ zklfk
frqvhtxhqwo| frqvlvwv ri uhvsrqvhv zlwk ydolg ZWS ydoxhv udqjlqj ehwzhhq 3
dqg 8/33314: Dowrjhwkhu wkhuh zhuh 6: gl�huhqw elgv +lqfoxglqj }hur, jlyhq e|
wkh uhvsrqghqwv/ rxw ri zklfk 46 zhuh jlyhq e| rqo| rqh uhvsrqghqw1 Khqfh/
wkhuh zhuh foxvwhuv ri elgv/ udqjlqj iurp elgv zlwk wzr uhvsrqvhv wr elgv
zlwk 535 uhvsrqvhv +VHN 433,1 Vrph ri wkh uhvsrqvhv zlwk }hur ZWS frxog
eh h{shfwhg wr eh surwhvw }hurv/ l1h1 lqvwhdg ri vwdwlqj klv wuxh ZWS wkh
uhvsrqghqw vwdwhv d ZWS ri }hur lq remhfwlrq wr vrphwklqj lq wkh vfhqdulr1
Zh glg qrw dwwhpsw wr pdnh d glvwlqfwlrq ehwzhhq wuxh }hurv dqg surwhvw
}hurv1 Dq dujxphqw iru pdlqwdlqlqj doo }hurv lv wkdw k|srwkhwlfdo vfhqdulrv
fuhdwhg lq FY vxuyh|v duh lqwhjudo sduwv ri wkh frpprglw| ehlqj ydoxhg dqg
lw lv/ wkhuhiruh/ gl!fxow wr vhsdudwh wkh ydoxh ri wkh frpprglw| iurp wkh zd|
lw lv surylghg dqg sdlg iru1 Qr pdwwhu zkdw vfhqdulr lv fuhdwhg/ wkhuh zloo
prvw olnho| eh vrph surwhvw }hurv/ exw wkh| vwloo uhyhdo vrphwklqj derxw wkh
uhvsrqghqwv* uhdfwlrq wr wkh k|srwkhwlfdo vfhqdulr1

Dowrjhwkhu/ wkhuh zhuh 66 h{solflwo| vwdwhg grq*w nqrzv/ 8: eduv dqg :6
eodqnv lq wkh uhwxuqhg txhvwlrqqdluhv1 Wkh txhvwlrq lv zkhwkhu wkhvh uh0

49D �edu� rffxuv li wkh uhvsrqghqw pdunv wkh duhd ohiw iru vwdwlqj klv ZWS zlwk mxvw d
vwurnh ri klv shq1

4:Wkhuh zhuh 497 }hurv lq wkh udz gdwd1
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Wdeoh 7= Phdq/ phgldq dqg frq�ghqfh lqwhuydov +FL, iru ZWS4

Vxevdpsoh Phdq Phgldq FL +<8(, Fdvhv
D 58515 433 4;716 0 65315 535
E 57:13 433 4<:13 0 5<:13 4<<
F 4<419 433 48314 0 56613 4;8
G 58<13 433 4<717 0 6561: 4<9
Wrwdo 56;15 433 53<19 0 5991; :;5

vsrqvhv vkrxog eh wuhdwhg dv plvvlqj ydoxhv ru }hurv1 Wkhuh duh dw ohdvw irxu
gl�huhqw zd|v ri gh�qlqj ZWS/ gh�qhg dv ZWS40ZWS7 +vhh Dsshqgl{ F,/
ghshqglqj rq zklfk revhuydwlrqv duh wuhdwhg dv plvvlqj ydoxhv dqg }hurv +d
vhqvlwlylw| dqdo|vlv ri wkh gl�huhqw gh�qlwlrqv lv shuiruphg ehorz,1

715 Vhqvlwlylw| Dqdo|vlv

Dowrjhwkhu/ wkhuh zhuh :58 qrqqhjdwlyh dqvzhuv wr wkh ZWS txhvwlrq/ fruuh0
vsrqglqj wr d uhvsrqvh udwh ri 7<14 shufhqw1 Lq wrwdo/ wkh lwhp qrq0uhvsrqvh
wr wkh ZWS txhvwlrq zdv 4;17 shufhqw1 Li wkh uhvsrqvh wr wkh ZWS txhvwlrq
zdv irupxodwhg dv dq lqwhuydo/ wkh plgsrlqw ri wkh lqwhuydo zdv wkh uhjlvwhuhg
dqvzhu1 Wkhuh zhuh 46 revhuydwlrqv zlwk h{wuhpho| kljk ZWS/ fruuhvsrqg0
lqj wr 418 shufhqw ri wkh qrqqhjdwlyh dqvzhuv1 Wkh udqjh iru wkhvh xqxvxdoo|
kljk ydoxdwlrqv lv VHN 4/83308/3331 Hyhq wkrxjk wkh ZWS txhvwlrq zdv
irupxodwhg dv dq dqqxdo sd|phqw iru doo vxevdpsohv/ zh vxvshfw wkdw vrph
ri wkh uhvsrqghqwv pljkw kdyh lqwhusuhwhg wkh txhvwlrq dv d rqfh0dqg0iru0doo
sd|phqw/ dqg wkhuhe| vwdwhg d kljkhu ZWS1 Wkhvh uhvsrqvhv kdyh dpsoh
h�hfw rq wkh phdq ZWS/ exw vlqfh wkhuh lv qr d sulrul djuhhg xsrq zd|
wr ghwhuplqh zklfk uhvsrqvhv wr uhmhfw/ hyhu| txdol�hg dwwhpsw wr lghqwli|
rxwolhuv lv wr vrph h{whqw dg krf1 Krzhyhu/ vhwwlqj xs gl�huhqw fulwhuld iru
uhmhfwlrq +Ilowhu L dqg LL, uhvxowv lq gl�huhqw phdq hvwlpdwhv1

Zlwk doo wkh revhuydwlrqv lqfoxghg/ ZWS7 lv wkh prvw frqvhuydwlyh phd0
vxuh1 Dv vxfk/ lw jlyhv d orzhu erxqgdu| iru wkh ZWS1 Li wklv phdvxuh lv xvhg
wkh srwhqwldo eldv iurp vdpsoh vhoi0vhohfwlrq lv uhgxfhg1 Edvhg rq gl�huhqw
fulwhuld/ gl�huhqw revhuydwlrqv duh h{foxghg zkhq dsso|lqj Ilowhuv L dqg LL
+vhh Dsshqgl{ E iru h{foxghg revhuydwlrqv,1 Wkh uhdvrq ehklqg wkh gl�hu0
hqw �owhuv zdv wr jhw d �frqvlvwhqf| hglw� +Plwfkhoo ) Fduvrq/ 4<;<,/ l1h1 wr
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Wdeoh 8= Vhqvlwlylw| ri ryhudoo dqqxdo phdq ZWS1

Fdxvh Phgldq Phdq Lqfo2h{fo {ZWS {ZWS
EI� EI�

ZWS4 +Edvh fdvh, 433 56;15 3 3 3
ZWS5 433 55;19 .715 0<19 0713
ZWS6 433 58:13 0:16 .4;1; .:1<
ZWS7 433 53<1; .4619 05;17 0441<
Ilowhu L@ 433 53516 041: 0681< 04814
Ilowhu LLK 433 54:15 041: 05413 0;1;
@ Ilowhu L= Fdvhv zlwk ZWS:VHN 4/533 h{foxghg iurp ZWS41
K Ilowhu LL= Fdvhv zlwk ZWS�4( ri Jurvv Dqqxdo Lqfrph h{foxghg iurp ZWS41

frqwuro wkh h�hfw rq phdq dqg phgldq iurp wkh uhprydo ri fhuwdlq revhuyd0
wlrqv1 Wkhvh uhprydov zhuh edvhg rq gl�huhqw fulwhuld/ ghhphg dv orjlfdo lq
wkh frqwh{w ri wkh vxuyh|1

Qdwxudoo|/ erwk wkh vxevdpsoh phdqv dqg wkh ryhudoo phdq duh vhqvlwlyh
wr krz ZWS lv gh�qhg dqg wr zklfk revhuydwlrqv duh ohiw rxw1 Krzhyhu/ wkh
phgldq lv wkh vdph iru doo wuhdwphqwv1 Frqvhtxhqwo|/ wkh phgldq vhhpv wr
eh d urexvw phdvxuh ri d Vzhglvk krxvhkrog*v ZWS iru wkh suhvhuydwlrq ri
wkh Diulfdq hohskdqw1

Zkhq whvwlqj wkh FY phwkrg*v vxvfhswlelolw| wr gl�huhqwldo ydoxdwlrq
vwlpxol ehorz/ zh xvh wkh ZWS4 gh�qlwlrq zkhuh eduv duh wuhdwhg dv }hurv
dqg grq*w nqrzv dqg plvvlqj ydoxhv dv plvvlqj ydoxhv1 Xvlqj wklv gh�qlwlrq/
wkh ryhudoo phdq lv irxqg wr eh VHN 56;/ zkloh wkh phgldq lv VHN 433 +vhh
Wdeoh 7,1

716 H{lvwhqfh YdoxhPrwlyhv/ V|perolf dqg Sduw0Zkroh

Eldvhv

Zkhq wuhdwlqj wkh uhvsrqvhv wr wkh ZWS txhvwlrq dv ZWS4/ wkhuh zhuh 554
fdvhv zlwk ZWS htxdo wr }hur1 Li wkh uhvsrqghqw vwdwhg d srvlwlyh ZWS kh
zdv dvnhg wkh uhdvrqv iru grlqj vr1 Wkh uhvsrqghqwv zhuh jlyhq irxu suh0
vshfl�hg prwlyhv 0 ehqh�w wkurxjk rzq h{shulhqfh/ ehqh�w wkurxjk rwkhuv*
h{shulhqfhv/ ehqh�w wkurxjk ixwxuh jhqhudwlrqv dqg ehqh�w wkurxjk wkh h{0
lvwhqfh ri wkh hohskdqw lq lwv rzq uljkw1 Wkh uhvsrqghqwv zhuh dovr iuhh wr
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Wdeoh 9= Phdq vfruhv ri gl�huhqw prwlyhv ehklqg vwdwhg ZWS1

Yduldeoh Phdq Fdvhv I ri ZWS
Rzq h{shulhqfh 88136 7;< 4;
Rwkhuv 891:< 7;4 4;
Ixwxuh jhqhudwlrqv ;5144 836 5;
H{lvwhqfh ydoxh prwlyh ;9173 843 63
Rwkhu prwlyh <416: 439 9
Qrwh= Shufhqw ri ZWS lv edvhg rq zhljkwhg phdqv ri wkh wrwdo

qxpehu ri ydolg revhuydwlrqv +84: fdvhv,1

vwdwh vrph rwkhu prwlyh wkdw pdgh wkhp zloolqj wr frqwulexwh wr d surmhfw iru
suhvhuylqj wkh Diulfdq hohskdqw +Rwkhu prwlyh,1 Wkh gl�huhqw prwlyhv zhuh
udwhg/ qrw udqnhg/ dqg wkh ydoxhv doorzhg iru hdfk prwlyh udqjhg ehwzhhq
f � �ff/ zkhuh f ' Ri qr lpsruwdqfh dqg �ff ' Yhu| lpsruwdqw1 Wkdw lv/
lqvwhdg ri iruflqj rxw d udqnlqj zkhuh wkh uhvsrqghqw kdv wr lqglfdwh zklfk
ri wkh suhvshfl�hg prwlyhv kh frqvlghuv wr eh wkh prvw lpsruwdqw/ wkh qh{w
prvw lpsruwdqw/ dqg vr rq/ kh zdv dvnhg wr mxgjh/ iru hdfk suhvshfl�hg pr0
wlyh/ krz lpsruwdqw wkdw vshfl�f prwlyh zdv iru klv ydoxdwlrq1 Vlqfh wkh
uhvsrqghqw pljkw nqrz zklfk prwlyh lv wkh prvw lpsruwdqw iru klp zkhq
vwdwlqj d srvlwlyh ZWS/ kh pljkw dovr nqrz zklfk prwlyh lv wkh ohdvw lpsru0
wdqw iru klp1 Krzhyhu/ iru wkh prwlyhv udqnhg lq ehwzhhq/ lw frxog eh gl!fxow
wr pdnh d fohdu glvwlqfwlrq/ dqg wkh uhvxowlqj udqnlqj frxog eh udwkhu dg krf1
Zh/ wkhuhiruh/ suhihuuhg wkh udwlqj v|vwhp zhuh doo prwlyhv frxog kdyh wkh
vdph ydoxh iru wkh uhvsrqghqw1

Dv fdq eh vhhq lq Wdeoh 9/ wkh h{lvwhqfh ydoxh prwlyh rewdlqhg wkh kljk0
hvw phdq vfruh ri wkh suhvshfl�hg prwlyhv1 Ixuwkhupruh/ wkhuh zhuh prvw
uhsruwhg fdvhv lq wklv jurxs1 Wkh prvw iuhtxhqwo| vwdwhg Rwkhu prwlyh zdv
frqfhuq iru hfrorjlfdo edodqfh1 Lw vhhpv qdwxudo wkdw wkh Rwkhu prwlyh jrw
wkh kljkhvw phdq vfruh/ dv lw zrxog eh rgg iru d uhvsrqghqw wr/ ri klv rzq
iuhh zloo/ vwdwh dqrwkhu uhdvrq iru klv ZWS dqg wkhq jlyh lw d orz vfruh1

Wkh irxuwk froxpq vkrzv krz pxfk ri wkh ZWS wkdw lv gulyhq e| hdfk
ri wkh gl�huhqw prwlyhv1 Li zh uho| rq wkh phgldq dv wkh ehqh�w hvwlpdwh/
zh fdq vhh wkdw VHN 63 rxw ri VHN 433 lv prwlydwhg e| h{lvwhqfh ydoxhv1
Lq d vlplodu zd|/ frqwlqjhqw ydoxdwlrq vxuyh|v ri wkuhdwhqhg Vzhglvk vshflhv
+Iuhgpdq/ 4<<7> Erpdq ) Ervwhgw/ 4<<8, kdyh irxqg h{lvwhqfh ydoxh prwlyhv
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wr eh wkh prvw iuhtxhqwo| vwdwhg prwlyh ehklqg wkh ZWS1
Pruhryhu/ lq wkh suhvhqfh ri h{lvwhqfh ydoxh prwlyhv/ zh zrxog olnh wr

h{dplqh wkh h{lvwhqfh ri v|perolf dqg2ru sduw0zkroh eldvhv 0 gl�huhqw nlqgv
ri dphqlw| plvvshfl�fdwlrq eldvhv +Plwfkhoo ) Fduvrq/ 4<;<,1 V|perolf eldv
rffxuv li wkh uhvsrqghqw uhdfwv wr v|perolf idfwruv dqg ohwv wkhp lqwhuihuh
zlwk wkh ydoxdwlrq ri wkh jrrg1 Wkh ydoxdwlrq vwdwhg e| wkh uhvsrqghqw lv/
wkhuhiruh/ wr d juhdwhu h{whqw d phdvxuh ri wkh vwuhqjwk ri wkh ihholqj durxvhg
e| wkh txhvwlrq/ udwkhu wkdq klv ydoxdwlrq ri wkh dphqlw|1 Lq rxu vxuyh|/
d uh hfwlrq ri jhqhudo hqylurqphqwdo dq{lhw| ru frqfhuq iru hqylurqphqwdo
lvvxhv frxog lqgxfh wklv nlqg ri eldv1 Sduw0zkroh eldvhv uhvxow li wkh uhvsrq0
ghqwv duh qrw dwwhqwlyh wr wkh vshfl�f ghvfulswlrq ri wkh jrrg r�huhg lq d
FY vxuyh|/ exw uhvsrqg wr wkh jrrg dv d �joredo v|pero�1 Dffruglqj wr
Plwfkhoo ) Fduvrq +4<;<,/ d vfhqdulr wkdw lqgxfhv h{lvwhqfh ydoxh prwlyhv
frxog hqfrxudjh v|perolf uhvsrqvhv li wkh uhvsrqghqwv wuhdw wkh dphqlw| dv
uhsuhvhqwdwlyh ri d pxfk odujhu jurxs ri jrrgv1 Wkdw lv/ li wkh uhvsrqghqw lq
klv plqg lv xqdeoh wr lvrodwh wkh Diulfdq hohskdqw iurp rwkhu zlog dqlpdov lq
Diulfd/ d odujhu fodvv ri jrrgv lv lq idfw ehlqj ydoxhg1

Vlqfh zh suhvxphg wkdw wkh Diulfdq hohskdqw frxog kdyh d v|perolf ydoxh
dqg eh wdnhq dv d uhsuhvhqwdwlyh ri d eurdghu fodvv ri dphqlwlhv/ zh zdqwhg
wr h{dplqh zkhwkhu rxu vxuyh| vkrzhg hylghqfh ri wkhvh nlqgv ri eldvhv1 Zh/
wkhuhiruh/ dvnhg wkh txhvwlrq= �Zkdw gr |rx wklqn ri zkhq |rx khdu wkh zrugv
Diulfdq hohskdqwB� +txhvwlrq </ Dsshqgl{ D,1 Rxu k|srwkhvlv zdv wkdw zh
idfhg v|perolf eldv dqg2ru sduw0zkroh eldv li pdq| uhvsrqghqwv dqvzhuhg e|
qdplqj rwkhu zlog Diulfdq dqlpdov/ ru e| jlylqj jhqhudo qrwlrqv ri Diulfdq
qdwxuh1

Rxw ri wkh ;;; uhwxuqhg txhvwlrqqdluhv/ derxw ::7 kdg jlyhq vrph dq0
vzhu wr wkh txhvwlrq deryh1 Wklv lv htxlydohqw wr dq lwhp qrq0uhvsrqvh udwh
ri doprvw 46 shufhqw1 Wkh uhvsrqvhv pdlqo| irfxvhg rq wkh w|slfdo fkdudf0
whulvwlfv ri Diulfdq hohskdqw1 Kxjh/ juh|/ wxvnv dqg elj hduv zhuh frpprq
uhpdunv1 Vrph shrsoh wdonhg derxw lyru| dqg srdfklqj dqg rwkhuv derxw
vdidulv/ flufxvhv dqg }rrv1 Vrph 93 shrsoh phqwlrqhg wkh zrug vdydqqdk lq
wkhlu uhvsrqvhv/ zklfk/ lq shuvshfwlyh ri qrw ehlqj phqwlrqhg dq|zkhuh lq wkh
txhvwlrqqdluh/ lv udwkhu dvwrqlvklqj1 Ixuwkhupruh/ vrph +dssur{lpdwho| 53,
uhvsrqghqwv wdonhg lq jhqhudo whupv derxw wkh vwhssh/ mxqjoh dqg zlogodqgv1
D ihz shrsoh +wkuhh, vwdwhg gluhfwo| wkdw wkh Diulfdq hohskdqw zdv d v|pero
iru Diulfd dqg Diulfdq zlogolih1 Hyhq wkrxjk qrw ryhuzkhoplqj/ wkhuh lv vrph
hylghqfh ri v|perolf dqg2ru sduw0zkroh eldvhv lq rxu vxuyh|1 Lq wklv fdvh lw
zrxog eldv wkh ydoxdwlrq xszdug vlqfh wkh uhvsrqghqwv/ wr vrph ghjuhh/ ydoxh
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vrphwklqj pruh lqfoxvlyh dqg odujhu wkdq lqwhqghg1

8 Uhvxowv iurp H{shulphqwv zlwklq wkh Vxu0

yh|

814 Whvwlqj iru Lqwhuwhpsrudo Hpehgglqj

Lq whvwv lqyroylqj FY ihdwxuhv/ dv lq whvwlqj iru wuhdwphqw h�hfwv/ wzr0vlghg
whvwv pd| eh fdoohg iru1 Krzhyhu/ suhylrxv uhvhdufk dqg2ru hfrqrplf wkhru|
pljkw jlyh foxhv wr wkh gluhfwlrq ri wkh wuhdwphqw h�hfw1 Lw lv/ wkhuhiruh/
erwk uhdvrqdeoh dqg h!flhqw/ wr irupxodwh rqh0vlghg k|srwkhvhv zkhqhyhu
srvvleoh1

Lq rxu vxuyh| zh zdqw wr whvw zkhwkhu wkh uhvsrqghqwv glvfulplqdwh eh0
wzhhq dq dqqxdo sd|phqw reoljdwlrq iru wkuhh |hduv dqg dq htxlydohqw frp0
plwphqw iru whq |hduv1 Wkdw lv/ zh zdqw wr vhh li wkh uhvsrqghqwv shuirup wkh
qhfhvvdu| glvfrxqwlqj/ dqg sd| uhjdug wr wkh wlph0krul}rq ri wkh sd|phqw
reoljdwlrq1 Li wkh| gr/ wkh phdq wkuhh0|hdu dqqxdo sd|phqw E>�� rxjkw wr
eh odujhu wkdq wkh phdq whq0|hdu dqqxdo sd|phqw E>��1 Frqvhtxhqwo|/ zh
zdqw wr whvw wkh k|srwkhvlv

Mf G >
�
� >� � f

djdlqvw wkh dowhuqdwlyh

M� G >� � >� 	 f�

Wkh k|srwkhvlv zdv whvwhg xvlqj d vlqjoh0vlghg |0whvw/ zkhuhMf zdv eduho|
uhmhfwhg dw wkh 8 shufhqw ohyho1 Wr vhh zkhwkhu wkhuh duh vljql�fdqw gl�hu0
hqfhv ehwzhhq ZWS zlwk h{solflwo| vwdwhg wlph0krul}rqv +vxevdpsohv E dqg
F,/ dqg zlwkrxw vshfl�hg wlph0krul}rq +vxevdpsoh D,/ zh whvw d vhfrqg k|0
srwkhvlv

Mf G >
� ' >� ' >�

Wklv k|srwkhvlv fdq eh whvwhg xvlqj Vfkh�ì dqg Nuxvndo0Zdoolv whvwv1
Qrqh ri wkhvh whvwv ohdg xv wr uhmhfw wkh qxoo0k|srwkhvlv dw wkh 8 shufhqw ohyho1
Hyhq wkrxjk ydoxdwlrq lv fodlphg wr eh frqwh{w ghshqghqw/ wkhuh vhhpv wr
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eh zhdn frqwh{w0ghshqghqfh lq wklv fdvh/ vlqfh uhvsrqghqwv vkrz doprvw wkh
vdph phdq ZWS qr pdwwhu zkdw wlph0krul}rq ri wkh sd|phqw reoljdwlrq1

Qdwxudoo|/ li wkh phdq suhvhqw ydoxhv ri wkh vwuhdpv ri sd|phqwv duh
fdofxodwhg dqg frpsduhg/ wkh uhvxow lv txlwh gl�huhqw1 Vlqfh txhvwlrqv D dqg
G odfnhg d vshfl�fdwlrq ri wkh wlph0krul}rq iru wkh sd|phqw reoljdwlrq/ wkh
fkrlfh ri wlph shulrg +?,/ lq wkhvh vxevdpsohv/ lv udwkhu dg krf1 Krzhyhu/ rxu
lqwhqwlrq lq ohdylqj rxw wkh vshfl�fdwlrq zdv wr lpso| wkdw wkh vwdwhg ZWS
zdv wr eh sdlg hyhu| |hdu iru dq h{whqghg shulrg ri wlph +wkh uhvsrqghqwv
pljkw hyhq kdyh shufhlyhg lw dv d rqfh dqg iru doo sd|phqw,1 Lq wkhvh fdvhv/
lw vhhpv uhdvrqdeoh wr xvh d wlph0krul}rq h{fhhglqj whq |hduv/ zklfk zdv
wkh kljkhvw suhvshfl�hg wlph0krul}rq1 Zh dujxh wkdw prvw shrsoh �qg 48058
|hduv wr eh txlwh d orqj wlph dqg/ dffruglqjo|/ zh fdofxodwh suhvhqw ydoxhv ri
vxevdpsohv D dqg G edvhg rq ? ' �Dc 2f dqg 2D1 Dqrwkhu txhvwlrq uhohydqw
wr suhvhqw ydoxh fdofxodwlrqv/ lv zkdw glvfrxqw udwh +o, wr xvh1 Lq vkruw/ wkh
gl�huhqfhv ehwzhhq wkh suhvhqw ydoxhv ri wkh gl�huhqw phdqv duh uhgxfhg wkh
kljkhu wkh glvfrxqw udwh dqg wkh vkruwhu wkh wlph0krul}rq hpsor|hg1

Zkhq glvfrxqwlqj wkh ZWS ri wkh gl�huhqw vxevdpsohv zlwk ydu|lqj
glvfrxqw udwhv +o ' �Ic �Ic DIc �fIc �DI dqg 2fI, dqg gl�huhqw ydoxhv ri
?/ dqg whvwlqj iru vljql�fdqw gl�huhqfhv lq wkh phdqv xvlqj Vfkh�ì whvwv/ zh
irxqg vljql�fdqw gl�huhqfhv/ dw wkh 8 shufhqw ohyho/ ehwzhhq wkh vxevdpsohv
zlwkrxw d vshfl�hg wlph0krul}rq +D dqg G, dqg wkh vxevdpsoh zlwk wkh
vkruwhvw wlph0krul}rq +wkuhh |hduv,/ E/ qr pdwwhu zkdw o dqg ? zhuh xvhg1
Wkh phdqv ri wkh suhvhqw ydoxh fdofxodwlrqv ri wkh ZWS ri vxevdpsoh D dqg
G duh pxfk odujhu wkdq wkh frpsdudeoh phdqv iurp vxevdpsohv E dqg F/
sulpdulo| iroorzlqj wkh xvh ri d odujhu ?1 Rq wkh zkroh/ lw vhhpv dv wkrxjk
wkh wrwdo hvwlpdwhg ZWS lqfuhdvhv zlwk wkh qxpehu ri wlphv wkh uhvsrqghqw
lv dvnhg wr sd|1 Vlqfh uhvsrqghqwv gr qrw vhhp wr shuirup dq| glvfrxqwlqj/
FY ydoxdwlrqv duh yxoqhudeoh wr wkh vshfl�fdwlrq ri wkh wlph0krul}rq ri wkh
sd|phqw reoljdwlrq1

815 Whvwlqj iru Gl�huhqfhv lq Sd|phqw Yhklfoh

Sd|phqw yhklfoh eldv lv suhvhqw zkhq hlwkhu wkh phdq zloolqjqhvv wr sd| ru
wkh qxpehu ri surwhvw }hurv ydulhv vljql�fdqwo| zlwk wkh fkrlfh ri sd|phqw
yhklfoh +Fxpplqjv hw do1/ 4<;9,1 Vwxg|lqj Wdeoh 7/ zh fdq vhh wkdw wkh phdq
zloolqjqhvv wr sd| iurp wkh wd{ dowhuqdwlyh lv voljkwo| odujhu wkdq wkh phdq
iurp d yroxqwdu| sd|phqw/ zkloh wkh phgldqv duh htxdo1 Wkh qxpehu ri
}hurv lq wkh wd{ dowhuqdwlyh lv 99/ dqg lq wkh yroxqwdu| yhklfoh 941 Khqfh/
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wkhuh lv qr juhdw gl�huhqfh1 Ixuwkhupruh/ wkhuh zdv qr qrwlfhdeoh gl�huhqfh
ehwzhhq wkh qxpehu ri qhjdwlyh frpphqwv lq wkh �ihhgedfn� vhfwlrq ri wkh
txhvwlrqqdluh/ uhjdugohvv ri zkhwkhu lw zdv d wd{ ru d yroxqwdu| sd|phqw1

Edvhg rq wkh hfrqrplf wkhru| ri vhfwlrq 51415/ zh k|srwkhvlvhg wkdw

Mf G >
�
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Wkdw lv/ lv wkh ZWS odujhu zkhq ehlqj dvnhg wr grqdwh yroxqwdulo| wkdq
zkhq ehlqj dvnhg wr sd| d wd{B

Vlqfh wkh phdq ZWS iurp wkh wd{ yhklfoh suryhg wr eh odujhu wkdq wkh
phdq ZWS iurp wkh yroxqwdu| yhklfoh/ wkh k|srwkhvlv zdv lpphgldwho| uh0
mhfwhg1 Dq h{sodqdwlrq iru wkh dqrpdorxv rxwfrph lv wkdw d wd{ frxog eh
shufhlyhg dv pruh htxlwdeoh/ dv lw zrxog eh sdlg e| hyhu|erg| lq Vzhghq1
Dv d pdwwhu ri idfw/ zh zhuh xqdeoh wr ghwhfw dq| vljql�fdqw gl�huhqfhv
ehwzhhq wkh ZWS uhvxowlqj iurp wkh gl�huhqw sd|phqw prghv1

Wkh frqfoxvlrq iurp rxu h{shulphqwv zlwk uhjdug wr wkh w|sh ri sd|0
phqw yhklfoh xvhg/ lv wkdw uhvsrqghqwv gr qrw glvfulplqdwh ehwzhhq gl�huhqw
phwkrgv ri sd|phqw1

9 Glvfxvvlrq

Wkh uhvhdufk uhsruwhg khuh kdv wkuhh remhfwlyhv= wr hvwlpdwh wkh Vzhghv*
zloolqjqhvv wr sd| iru wkh suhvhuydwlrq ri wkh Diulfdq hohskdqw/ wr vhh zkhwkhu
wkh ZWS lv vhqvlwlyh wr lqwhuwhpsrudo hpehgglqj dqg wr h{dplqh li wkh ZWS
lv d�hfwhg e| wkh sd|phqw yhklfoh xvhg1

Wkh ryhudoo phdq ZWS lv irxqg wr eh VHN 56; dqqxdoo|/ zkloh wkh ryhudoo
phgldq ZWS lv VHN 433 dqqxdoo|1 Wkh phdqv iurp wkh gl�huhqw wuhdwphqwv
+D0G, udqjh ehwzhhq VHN 4<5 0 58< shu |hdu1 Lq hyhu| vxevdpsoh wkh phgldq
lv irxqg wr eh VHN 4331

Qrqh ri wkh gl�huhqw wuhdwphqwv fdq eh vkrzq wr kdyh d vljql�fdqw lpsdfw
rq wkh ZWS/ l1h1 qr glvwlqfwlrq lv pdgh ehwzhhq gl�huhqw wlph0krul}rqv iru
wkh sd|phqw reoljdwlrq ru ehwzhhq gl�huhqw sd|phqw yhklfohv1

Wkh prvw doduplqj ri wkhvh �qglqjv lv wkdw uhvsrqghqwv duh zloolqj wr sd|
wkh vdph dprxqw hyhu| |hdu/ uhjdugohvv ri wkh wlph0dvshfw ri wkhlu frpplw0
phqw1 Wklv uhvxow lqglfdwhv wkdw FYP lv yxoqhudeoh wr pdqlsxodwlrqv ri wkh
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wlph vshfl�fdwlrq ri wkh sd|phqw reoljdwlrq/ dqg wkdw uhvsrqghqwv gr qrw
shuirup dq| glvfrxqwlqj1

Lq rxu vxuyh|/ zh duh xqdeoh wr suryh wkdw ydoxdwlrq lv frqwh{w ghshqghqw/
dv wkhZWS lv kljko| lqvhqvlwlyh wr gl�huhqfhv lq wkh ydoxdwlrq vfhqdulr1 Vlqfh
lw vhhpv dv wkrxjk pxfk wlph dqg h�ruw pxvw eh vshqw rq pdnlqj fhuwdlq wkdw
wkh uhvsrqghqw xqghuvwdqgv lpsruwdqw dvshfwv ri wkh k|srwkhwlfdo vfhqdulr/
pdlo vxuyh|v duh suredeo| qrw dssursuldwh iru FY vxuyh|v/ li wkh uhvxowv duh
wr eh uholdeoh1

Lw frxog eh ghhphg remhfwlrqdeoh wr sxw d sulfh rq d vlqjoh vshflhv/ vxfk
dv wkh Diulfdq hohskdqw/ vlqfh lw lv d vpdoo sduw ri d odujh dqg lpsruwdqw
hfrv|vwhp1 Wkh sduw d vlqjoh vshflhv sod|v lq dq hfrv|vwhp lv kdug wr whoo
h{dfwo|/ exw wkh holplqdwlrq ri dq hqwluh hfrv|vwhp zrxog fohduo| kdyh juhdwhu
frvw wr vrflhw| wkdq wkh holplqdwlrq ri d vlqjoh vshflhv1 Dv wkhuh lv vrph hy0
lghqfh ri v|perolf dqg sduw0zkroh eldvhv lq rxu vxuyh|/ zh/ lq rughu wr eh
frqvhuydwlyh/ lqwhusuhw wkh ZWS dv d orzhu erxqgdu| iru Diulfdq  rud dqg
idxqd/ lqvwhdg ri phuho| wkh ZWS iru wkh Diulfdq hohskdqw1 Hyhq wkrxjk
jurvv ydoxhv edvhg rq wkh phgldq gr qrw kdyh wkh vdph/ qdwxudo/ lqwhusuhwd0
wlrq dv jurvv ydoxhv edvhg rq wkh phdq +Nulvwuùp/ 4<<3,/ zh dgkhuh wr wkh
phgldq0yrwhu wkhruhp dqg dvvxph wkdw d sd|phqw ri VHN 433 shu krxvh0
krog zrxog sdvv lq d uhihuhqgxp1 Djjuhjdwlqj ryhu doo Vzhglvk krxvhkrogv/
d orzhu erxqg iru wkh suhvhuydwlrq ri Diulfdq  rud dqg idxqd lv irxqg wr eh
VHN 6;6 ploolrq +XV' 861: ploolrq, dqqxdoo|1 Wkxv/ wkhuh lv d vxevwdqwldo
ydoxdwlrq ri jrrgv shulskhudo wr Vzhghv1
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Dsshqgl{ D= Wkh Txhvwlrqqdluh

Wudqvodwhg yhuvlrq ri wkh lqwurgxfwru| ohwwhu dqg wkh txhvwlrqqdluh +yhuvlrq
D,1
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Dsshqgl{ E=

Wdeoh E4= H{wuhph revhuydwlrqv +LG, h{foxghg iurp wkh fdofxodwlrqv ri phdq
dqg phgldq ZWS1 H{foxvlrq edvhg rq `A� : �c 2ff1

LG 45 646 649 6;; 755 785 845

ZWS 4> 833 8> 333 5> 333 4> 833 4> ;33 6> 333 5> 333

LG 899 944 966 :6< ;99 ;:9

ZWS 5> 833 6> 833 4> 833 5> 833 4> <33 5> 333

Wdeoh E5= H{wuhph revhuydwlrqv +LG, h{foxghg iurp wkh fdofxodwlrqv ri phdq
dqg phgldq ZWS1 H{foxvlrq edvhg rq`A� � �I ri jurvv dqqxdo krxvhkrog
lqfrph +DJL,1

LG 69 ;9 477 646 657 687 755

ZWS 833 833 4> 333 8> 333 4> 533 833 4> ;33

DJL 63> 333 63> 333 :8> 333 588> 333 438> 333 63> 333 468> 333

LG 785 7<6 89< 944 :37 ;7<

ZWS 6> 333 833 4> 333 6> 833 833 633

DJL 558> 333 63> 333 :8> 333 5;8> 333 63> 333 63> 333
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Dsshqgl{ F=

Wdeoh F4= Gh�qlwlrqv ri wkh ZWS1

Yduldeoh Gh�qlwlrq

ZWS4 Eduv@3/ Grq*w nqrzv@plvvlqj dqg Plvvlqj@plvvlqj1

ZWS5 Eduv@3/ Grq*w nqrzv@3 dqg Plvvlqj@plvvlqj1

ZWS6 Eduv@plvvlqj/ Grq*w nqrzv@plvvlqj dqg Plvvlqj@plvvlqj1

ZWS7 Eduv@3/ Grq*w nqrzv@3 dqg Plvvlqj@31
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Uhihuhqfhv

Ehjrq P1/ M1 O1 Kdushu dqg F1 U1 Wrzqvhqg +4<<3,= Hfrorj| Lqglylgxdov/
Srsxodwlrqv dqg Frppxqlwlhv1 Vhfrqg hglwlrq/ Eodfnzhoo Vflhqwl�f
Sxeolfdwlrqv/ Fdpeulgjh Pdvvdfkxvhwwv

Erpdq P1 dqg J1 Ervwhgw +4<<8,= �Ydoxlqj wkh Zroi lq Vzhghq= Duh Ehqh0
�wv Frqwlqjhqw Xsrq wkh Vxsso|B� lq P1 Erpdq= Wkuhdwhqhg Vshflhv
dv d sduw ri wkh Elrglyhuvlw| dqg Pxowlsoh Xvh ri Iruhvwv1 Dq Hfr0
qrplf Dqdo|vlv1 Ghsduwphqw ri Iruhvw Hfrqrplfv/ Vzhglvk Xqlyhuvlw|
ri Djulfxowxudo Vflhqfhv/ Uhsruw 445

Eurzq J1 Mu1 dqg Z1 Khqu| +4<;<,= Wkh Hfrqrplf Ydoxh ri Hohskdqwv1
LLHG2XFO Orqgrq Hqylurqphqwdo Hfrqrplfv Fhqwuh/ Orqgrq

Eurzq W1 O1/ G1 M1 Ghfnhu dqg Q1 D1 Frqqhoo| +4<;<,= �Uhvsrqvh wr Pdlo
Vxuyh|v rq Uhvrxufh0Edvhg Uhfuhdwlrq Wrslfv= D Ehkdylrudo Prgho
dqg dq Hpslulfdo Dqdo|vlv�1 Ohlvxuh Vflhqfhv/ 44/ <<0443

Fduvrq U1 W1/ U1 F1 Plwfkhoo/ Z1 P1 Kdqhpdqq/ U1 M1 Nrss/ V1 Suhvvhu
dqg S1 D1 Uxxg +4<<5,= D Frqwlqjhqw Ydoxdwlrq Vwxg| ri Orvw Sdvvlyh
Xvh Ydoxhv Uhvxowlqj iurp wkh H{{rq Ydogh} Rlo Vsloo1 Uhsruw wr wkh
Dwwruqh| Jhqhudo Vwdwh ri Dodvnd

Fduvrq U1 W1/ M1 Zuljkw/ Q1 Fduvrq/ D1 Doehulql dqg Q1 Ioruhv +4<<8,= D
Eleolrjudsk| ri Frqwlqjhqw Ydoxdwlrq Vwxglhv dqg Sdshuv1 Qdwxudo Uh0
vrxufh Gdpdjh Dvvhvvphqw/ Lqf1

Fduvrq U1 W1 dqg U1 F1 Plwfkhoo +4<<8,= �Vhtxhqflqj dqg Qhvwlqj lq Frq0
wlqjhqw Ydoxdwlrq Vxuyh|v�1 Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg
Pdqdjhphqw/ 5;/ 48804:6

Fduvrq U1 W1/ Q1 H1 Ioruhv dqg Q1 I1 Phdgh +4<<9,= Frqwlqjhqw Ydoxdwlrq=
Frqwuryhuvlhv dqg Hylghqfh1 Qdwlrqdo Rfhdqlf dqg Dwprvskhulf Dg0
plqlvwudwlrq/ X1V1 Ghsduwphqw ri Frpphufh1 Plphr1

Fxpplqjv U1 J1/ G1 V1 Eurrnvkluh dqg Z1 G1 Vfkxo}h +Hgv1, +4<;9,= Ydoxlqj
Hqylurqphqwdo Jrrgv1 Dq Dvvhvvphqw ri wkh Frqwlqjhqw Ydoxdwlrq
Phwkrg1 Vdydjh/ Pdu|odqg

Ghdwrq D1 dqg M1 Pxhooedxhu +4<;3,= Hfrqrplfv dqg Frqvxphu Ehkdylru1
Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh

Ghvyrxvjhv Z1 K1/ I1 U1 Mrkqvrq/ U1 Z1 Gxqirug/ V1 S1 Kxgvrq dqg N1 Q1
Zlovrq +4<<6,= �Phdvxulqj Qdwxudo Uhvrxufh Gdpdjhv zlwk Frqwlq0
jhqw Ydoxdwlrq= Whvwv ri Ydolglw| dqg Uholdelolw|� lq Kdxvpdq M1 D1
+hg1,= Frqwlqjhqw Ydoxdwlrq1 D Fulwlfdo Dvvhvvphqw1 Qruwk0Kroodqg/
Dpvwhugdp
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Hpdqrlo P1 +Hg1, +4<<7,= Hqf|forshgld ri Hqgdqjhuhg Vshflhv1 LXFQ dqg
Jdoh Uhvhdufk Lqf1/ Ghwurlw

Iuhgpdq S1 +4<<7,= �Ydoxhv ri dq Hqgdqjhuhg Vshflhv 0 Wkh Fdvh ri wkh
Zklwh0edfnhg Zrrgshfnhu lq Vzhghq� lq Khoohv/ I1 dqg P1 Olqggdo
+Hgv1,= Surfhhglqjv ri wkh Elhqqldo Phhwlqj ri wkh Vfdqglqdyldq Vrfl0
hw| ri Iruhvw Hfrqrplfv/ Jloohohmh/ Ghqpdun/ Qryhpehu 4<<61 Vfdqgl0
qdyldq Iruhvw Hfrqrplfv Qr1 68

Jloslq P1 H1 dqg P1 H1 Vrxoì +4<;9,= �Plqlpxp Yldeoh Srsxodwlrqv= Sur0
fhvvhv ri Vshflhv H{wlqfwlrq� lq Vrxoì P1 H1 +Hg1,= Frqvhuydwlrq El0
rorj|= Wkh Vflhqfh ri Vfduflw| dqg Glyhuvlw|1 Vlqqdxhu Dvv1 Lqf1/
Vxqghuodqg/ Pdvvdfkxvhwwv

Juhhq G1/ N1 H1 Mdfrzlw}/ G1 Ndkqhpdq dqg G1 PfIdgghq +4<<8,= Uhihu0
hqgxp Frqwlqjhqw Ydoxdwlrq/ Dqfkrulqj dqg Zloolqjqhvv wr Sd| iru
Sxeolf Jrrgv1 Plphr1

Juhhq G1/ N1 H1 Mdfrzlw}/ G1 Ndkqhpdq dqg G1 PfIdgghq +4<<;,= �Uhi0
huhqgxp Frqwlqjhqw Ydoxdwlrq/ Dqfkrulqj dqg Zloolqjqhvv wr Sd| iru
Sxeolf Jrrgv�1 Uhvrxufh dqg Hqhuj| Hfrqrplfv/ 53/ ;80449

Kdqhpdqq Z1 P1 +4<<7,= �Ydoxlqj wkh Hqylurqphqw wkurxjk Frqwlqjhqw
Ydoxdwlrq�1 Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ ;/ 4<076

Kdxvpdq M1 D1 +Hg1, +4<<6,= Frqwlqjhqw Ydoxdwlrq1 D Fulwlfdo Dvvhvvphqw1
Qruwk0Kroodqg/ Dpvwhugdp

Kçoo O1 +4<<7,= Iùuhqlqjvolyhw l Vyhuljh 0 hq vwdwlvwlvn eho|vqlqj1 Udssruw ;9/
Ohyqdgviùukèoodqghq/ VFE ) Lghhood ehuhgqlqjhq

LXFQ +4<<6,= 4<<7 LXFQ Uhg Olvw ri Wkuhdwhqhg Dqlpdov +4<<6,1 LXFQ/
Jodqg/ Vzlw}huodqg

Mrkdqvvrq S0R1 +4<;:,= Wkh Hfrqrplf Wkhru| dqg Phdvxuhphqw ri Hqyl0
urqphqwdo Ehqh�wv1 Fdpeulgjh Xqlyhuvlw| Suhvv1

Ndkqhpdq G1 dqg M1 O1 Nqhwvfk +4<<5,= Ydoxlqj Sxeolf Jrrgv= Wkh Sxu0
fkdvh ri Prudo Vdwlvidfwlrq1 Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg
Pdqdjhphqw/ 55/ 8:0:3

Nulvwuùp E1 +4<<3,= Ydoxlqj Hqylurqphqwdo Ehqh�wv Xvlqj wkh Frqwlqjhqw
Ydoxdwlrq Phwkrg1 Xphè Hfrqrplf Vwxglhv Qr1 54</ Xphè

Oùijuhq N0J1/ D1 Qrugvwuùp dqg S1 Q|pdq +4<<8,= Zloolqjqhvv wr Sd| iru
Zrun Surjudpv iru Glvdeohg Zrunhuv1 Xphè Hfrqrplf Vwxglhv Qr1
6<7/ Xphè

Ploohu U1 E1 dqg G1 Z1 Zlfkhuq +4<::,= Lqwhuphgldwh Exvlqhvv Vwdwlvwlfv=
Dqdo|vlv ri Yduldqfh/ Uhjuhvvlrq dqg Wlph Vhulhv1 Krow/ Ulqhkduw dqg
Zlqvwrq
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Plwfkhoo U1 F1 dqg U1 W1 Fduvrq +4<;<,= Xvlqj Vxuyh|v wr Ydoxh Sxeolf
Jrrgv1 Wkh Frqwlqjhqw Ydoxdwlrq Phwkrg1 Uhvrxufhv iru wkh Ixwxuh/
Zdvklqjwrq G1F1

Qruxvlv/ P1 M1 +4<<6,= VSVV iru Zlqgrzv1 VSVV Lqf1
Vfkndgh G1 D1 dqg M1 Z1 Sd|qh +4<<6,= �Zkhuh Gr wkh Qxpehuv Frph

IurpB Krz Shrsoh Uhvsrqg wr Frqwlqjhqw Ydoxdwlrq Txhvwlrqv� lq
Kdxvpdq M1 D1 +Hg1,= Frqwlqjhqw Ydoxdwlrq1 D Fulwlfdo Dvvhvvphqw1
Qruwk0Kroodqg/ Dpvwhugdp1

VFE +4<<8,= Vwdwlvwlvn Èuvern 4<<9 +Vwdwlvwlfdo \hduerrn ri Vzhghq 4<<9,1
Vwdwlvwlvnd Fhqwudoe|uèq/ Ùuheur

Vfkxo}h Z1 G1/ U1 F1 g*Dujh dqg G1 V1 Eurrnvkluh +4<;4,= �Ydoxlqj Hqylurq0
phqwdo Frpprglwlhv= Vrph Uhfhqw H{shulphqwv�1 Odqg Hfrqrplfv/
8:/ 48404:5

Vsdqlqnv I1 dqg U1 Krhyhqdjho +4<<8,= Whpsrudo Hpehgglqj lq Frqwlqjhqw
Ydoxdwlrq= Hylghqfh iurp d Vwxg| Lqyhvwljdwlqj wkh Ydoxh ri Zlogolih
Pdqdjhphqw lq Djulfxowxudo Duhdv1 Sdshu suhvhqwhg dw wkh dw wkh
Vl{wk Dqqxdo HDHUH Frqihuhqfh rq Hqylurqphqwdo dqg Uhvrxufh Hfr0
qrplfv/ 4:053 Mxqh/ Xphè/ Vzhghq

Yduldq K1 U1 +4<<5,=Plfurhfrqrplf Dqdo|vlv1 Wklug hglwlrq/ Qruwrq ) Frp0
sdq|/ Lqf1

Yuhglq P1 +4<<8,= Ydoxhv ri wkh Diulfdq hohskdqw lq Uhodwlrq wr Frqvhuydwlrq
dqg H{sorlwdwlrq1 Xphè Hfrqrplf Vwxglhv Qr1 6<3/ Xphè

Zklwhkhdg M1 F1 +4<<4,= �Hqylurqphqwdo Lqwhuhvw Jurxs Ehkdylru dqg Vhoi0
Vhohfwlrq Eldv lq Frqwlqjhqw Ydoxdwlrqv Pdlo Vxuyh|v�1 Jurzwk dqg
Fkdqjh/ 55/ 43054

ZZI +4<<9,= Yçuogvqdwxuirqghq ZZI Yhunvdpkhwhq 4<<81 Vroqd



Ghwhuplqdqwv ri Fkdulwdeoh Jlylqj1 Hylghqfh
iurp K|srwkhwlfdo Gdwd rq Zloolqjqhvv wr

Sd|�

Pduld Yuhglq Mrkdqvvrq|

Devwudfw

Wkh ghwhuplqdqwv ri fkdulwdeoh jlylqj dw wkh krxvhkrog ohyho duh vwxg0

lhg lq d glvfuhwh2frqwlqxrxv fkrlfh prgho1 Edvhg rq gdwd iurp d frq0

wlqjhqw ydoxdwlrq vxuyh| ri Vzhglvk krxvhkrogv* zloolqjqhvv wr sd| iru

wkh suhvhuydwlrq ri wkh Diulfdq hohskdqw/ d grxeoh kxugoh prgho lv hv0

wlpdwhg zlwk Khfnpdq*v wzr0vwhs hvwlpdwru1 Wkh ghwhuplqdqwv ri wkh

fkrlfh wr jlyh duh irxqg wr eh gl�huhqw iurp wkh ghwhuplqdqwv ri wkh

vl}h ri wkh grqdwlrq1

Nh| zrugv= Yroxqwdu| Jlylqj/ Grxeoh Kxugoh Prgho1

� L zrxog olnh wr wkdqn Fkxdq0]krqj Ol/ Shu Mrkdqvvrq/ Ehqjw Nulvwuùp dqg Nduo0
Jxvwdi Oùijuhq iru ydoxdeoh frpphqwv dqg vxjjhvwlrqv1 Ilqdqfldo vxssruw iurp Wkh
Vzhglvk Frxqflo iru Uhdvhdufk lq Kxpdqlwlhv dqg Vrfldo Vflhqfhv +KVIU, lv judwhixoo|
dfnqrzohgjhg1

| Ghsduwphqw ri Hfrqrplfv/ Xphè Xqlyhuvlw|/ VH0<34 ;: Xphè1
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4 Lqwurgxfwlrq

Lq wkh glvflsolqh ri hfrqrplfv wkhuh h{lvwv d vshfldo nlqg ri kxpdq ehlqj>
krpr hfrqrplfxv 0 wkh hfrqrplf pdq/ fkdudfwhulvhg e| hjrfhqwulflw| dqg
xwlolw| pd{lplvlqj ehkdylrxu1 Krzhyhu/ lq vrph uhdo olih flufxpvwdqfhv wkh
wudglwlrqdo wkhru| ri udwlrqdo/ vho�vk ehkdylrxu lv wrr qduurz wr dffrxqw iru
dfwxdo ehkdylrxu1 Iru lqvwdqfh/ lq wkh fdvh ri sxeolfo| vxssruwhg qrqjryhuq0
phqwdo rujdqlvdwlrqv/ wkhru| glfwdwhv wkdw wkh| fdqqrw h{lvw/ vlqfh iuhh0ulglqj
zrxog eh wkh udwlrqdo ehkdylrxu ri hyhu| hfrqrplf pdq1 Exw vxfk rujdqlvd0
wlrqv gr h{lvw/ dqg wkhlu h{lvwhqfh fdq eh vdlg wr eh d �sxeolf jrrgv sdudgr{�
+Pdujrolv/ 4<;5/ s14<,1

Dv wkhru| idoov vkruw ri uhdolw|/ d uhohydqw txhvwlrq lv zk| wklv sdudgr{
dsshduv1 Rqh h{sodqdwlrq 0 zklfk vxlwv hfrqrplvwv 0 lv wkdw wkh lqglylgxdo
+ru krxvhkrog, jdlqv xwlolw| iurp wkh dfw ri jlylqj/ l1h1 wkh lqglylgxdo kdv
dowuxlvwlf4 suhihuhqfhv1 Suhvxpdeo|/ wkhuh duh pdq| idfwruv lq xhqflqj wkh
ghflvlrq wr jlyh> vrfldo suhvvxuh/ jxlow/ v|psdwk|/ ghvluh iru �zdup jorz�
ihholqj hwf1/ dqg zh duh lqwhuhvwhg lq vwxg|lqj zk| vrph shrsoh kdyh d juhdwhu
surshqvlw| wr jlyh wkdq rwkhu1

Wkh dlp ri wklv sdshu lv wr h{dplqh zkhwkhu wkh idfwruv d�hfwlqj wkh
ghflvlrq wr jlyh dw wkh h{whqvlyh pdujlq +l1h1 wkh ghflvlrq zkhwkhu wr jlyh
ru qrw, duh gl�huhqw iurp wkh idfwruv d�hfwlqj wkh ghflvlrq wr jlyh dw wkh
lqwhqvlyh pdujlq +l1h1 krz pxfk wr jlyh,1 Edvhg rq k|srwkhwlfdo gdwd iurp d
frqwlqjhqw ydoxdwlrq vxuyh| ri Vzhglvk krxvhkrogv* zloolqjqhvv wr sd| +ZWS,
iru wkh vxuylydo ri wkh Diulfdq hohskdqw/ zh hvwlpdwh d prgho iru wkh ghflvlrq
wr jlyh dqg wkh vl}h ri wkh grqdwlrq e| phdqv ri d grxeoh kxugoh prgho1 Lq
vxfk d prgho/ wkh krxvhkrog pxvw sdvv wzr kxugohv ehiruh ehlqj revhuyhg
zlwk d srvlwlyh ZWS iru hohskdqw surwhfwlrq/ zkhuh wkh �uvw kxugoh lv wkh
frqwulexwlrq ghflvlrq +zkhwkhu wr jlyh ru qrw, dqg wkh vhfrqg kxugoh lv wkh
h{shqglwxuh ghflvlrq +krz pxfk wr jlyh,1 Khqfh/ wkh yduldeohv wkdw d�hfw
wkh ghflvlrq wr jlyh duh doorzhg wr eh gl�huhqw iurp wkh yduldeohv wkdw d�hfw
wkh vl}h ri wkh grqdwlrq1

Wkh uhpdlqghu ri wklv sdshu lv rujdqlvhg dv iroorzv> wkh qh{w vhfwlrq
ghvfulehv wkh gdwd/ vhfwlrq wkuhh surylghv wkh wkhruhwlfdo iudphzrun iru glv0
fuhwh2frqwlqxrxv fkrlfh prghov/ vhfwlrq irxu glvfxvvhv gl�huhqw prghov iru
fkdulwdeoh jlylqj/ dqg vhfwlrq �yh ghvfulehv hvwlpdwlrq surfhgxuhv dqg uh0

4Dowuxlvp lv gh�qhg dv dfwv wkdw d�hfw wkh xwlolw| ri rwkhu shrsoh/ ru vrflhw|/ zlwk wkh
txdol�fdwlrq wkdw wkh dfwru2grqru +qrw qhfhvvdulo| wkh uhflslhqw, uhjdugv klv ehkdylru dv

ehqh�fldo +Pdujrolv/ 4<;5,1
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vxowv iurp wkh hpslulfdo dqdo|vlv1 Lq vhfwlrq vl{/ prgho dvvxpswlrqv duh
whvwhg/ dqg/ �qdoo|/ vhfwlrq vhyhq glvfxvvhv dqg vxppdulvhv wkh uhvxowv1

5 Wkh Gdwd

Gdwd rq ZWS zhuh froohfwhg wkurxjk d frqwlqjhqw ydoxdwlrq +FY, vxuyh|
gxulqj Mdqxdu|0Pdufk 4<<91 D pdlo txhvwlrqqdluh zdv vhqw wr 4/833 udq0
grpo| vhohfwhg Vzhglvk uhvlghqwv1 Dsduw iurp wkh rshq0hqghg ydoxdwlrq
txhvwlrq/ wkh txhvwlrqqdluh frqwdlqhg vrflrhfrqrplf txhvwlrqv dqg txhvwlrqv
uhjduglqj wkh uhvsrqghqw*v lqwhuhvw lq wkh qdwxudo hqylurqphqw lq jhqhudo dqg
lq wkh Diulfdq hohskdqw lq sduwlfxodu1 Wkh ryhudoo uhvsrqvh udwh zdv 9315(
+Yuhglq/ 4<<:,1

Dsduw iurp hvwlpdwlqj wkh Vzhghv* dqqxdo ZWS iru wkh Diulfdq hohskdqw/
wkh vxuyh| dovr dgguhvvhg vrph phwkrgrorjlfdo lvvxhv dvvrfldwhg zlwk wkh FY
phwkrg/ vxfk dv wkh phwkrg*v vxvfhswlelolw| wr gl�huhqwldo ydoxdwlrq vwlpxol1
Lq rughu wr fduu| rxw d qxpehu ri h{shulphqwv/ wkh wrwdo vdpsoh zdv vsolw
lq irxu htxdoo| vl}hg jurxsv/ zkhuh uhvsrqghqwv zhuh udqgrpo| dvvljqhg rqh
ri irxu gl�huhqw wuhdwphqwv1 Vpdoo yduldwlrqv lq hohphqwv ri wkh vfhqdulr uh0
jduglqj wkh wlph0krul}rq ri wkh sd|phqw reoljdwlrq dqg wkh sd|phqw yhklfoh/
phdqw wkdw hdfk vxejurxs uhfhlyhg d voljkwo| gl�huhqw ydoxdwlrq txhvwlrq1 Lq
wkuhh ri wkh gl�huhqw vxejurxsv wkh sd|phqw yhklfoh zdv d yroxqwdu| grqd0
wlrq1 Dowkrxjk k|srwkhwlfdo/ d srvlwlyh ZWS lq uhvsrqvh wr rqh ri wkhvh
txhvwlrqv uhyhdo d srvlwlyh zloolqjqhvv wr pdnh d fkdulwdeoh grqdwlrq1 Wkh
irxuwk vxejurxs uhfhlyhg d ydoxdwlrq txhvwlrq zkhuh wkh sd|phqw yhklfoh zdv
lq wkh irup ri d wd{1 Reylrxvo|/ d wd{ frxog eh shufhlyhg dv pruh frpsxovru|
wkdq d yroxqwdu| sd|phqw1 Krzhyhu/ vlqfh wkh uhvsrqghqwv zhuh iuhh wr uhixvh
wr sd|/ d srvlwlyh ZWS lq wklv fdvh pd| dovr eh lqwhusuhwhg dv d zloolqjqhvv
wr pdnh d yroxqwdu| frqwulexwlrq1 Wkhuhiruh/ zh xvh dqqxdo krxvhkrog ZWS
dv wkh ghshqghqw yduldeoh dqg gxpp| yduldeohv wr dffrxqw iru gl�huhqfhv
ehwzhhq vxejurxsv lq wkh hvwlpdwlrq1

Wkh rshq0hqghg ydoxdwlrq txhvwlrq xvhg wr holflw wkh uhvsrqghqw*v suhihu0
hqfhv jhqhudwhg gdwd udqjlqj ehwzhhq }hur dqg 8/333 Vzhglvk nurqru +VHN,1
Wkh phgldq ZWS zdv VHN 433 lq hyhu| vxevdpsoh15

5Dgplwwhgo|/ gdwd rq ZWS zhuh qrw froohfwhg lq d wzr0vwhs idvklrq/ dowkrxjk prghoohg

dv vxfk ehorz1 Krzhyhu/ zh eholhyh lw uhdvrqdeoh wr dvvxph wkdw uhvsrqghqwv zlwk srvlwlyh

ZWS zrxog jlyh dq d!updwlyh dqvzhu wr d txhvwlrq +dvvxphg wr suhfhgh wkh ydoxdwlrq

txhvwlrq, dvnlqj derxw wkh h{lvwhqfh ri ZWS/ zkhuhdv d uhvsrqghqw zlwk }hur/ ru qhjdwlyh/
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Wdeoh 4= Vxppdu| vwdwlvwlfv iru frqwulexwruv dqg qrqfrqwulexwruv1

Frqwulexwruv Qrqfrqwulexwruv
Phdq Vw ghy Phdq Vw ghy

ZWS +VHN, 665 77; 3 3
Lqfrph +VHN, 57/;58 46/543 4</:45 45/674
Djh +|hduv, 74 47 83 49
Hgxfdwlrq +|hduv, 45 6 44 6
Phpehuvkls 3156 3175 313< 315;
? 894 554
Qrwh= ZWS dqg lqfrph yduldeohv duh edvhg rq krxvhkrog phdvxuhv1

Phpehuvkls lv d gxpp| yduldeoh lqglfdwlqj phpehuvkls ri hqylurq0

phqwdo rujdqlvdwlrqv1

Wdeoh 4 jlyhv vxppdu| vwdwlvwlfv iru wkh frqwulexwruv dqg wkh qrqfrqwule0
xwruv1

6 Glvfuhwh dqg Frqwlqxrxv Fkrlfh

Lq rughu wr h{dplqh zkhwkhu wkh }hurv dqg srvlwlyh dqvzhuv duh jhqhudwhg
e| gl�huhqw surfhvvhv/ dqg li wkh ghflvlrq wr jlyh dw wkh h{whqvlyh pdujlq lv
lq xhqfhg lq gl�huhqw zd|v e| wkh vdph vhw ri h{sodqdwru| yduldeohv dv wkh
ghflvlrq wr jlyh dw wkh lqwhqvlyh pdujlq/ zh qhhg d prgho wkdw �uvw doorzv xv
wr dqdo|vh wkh ghwhuplqdqwv ri wkh ghflvlrq wr jlyh/ wkhq doorzv xv wr h{dplqh
wkh ghwhuplqdqwv ri wkh vl}h ri wkh grqdwlrq1

Prghov iru glvfuhwh dqg frqwlqxrxv fkrlfhv kdyh ehhq xvhg wr dqdo|vh
ehkdylrxu lq pdq| gl�huhqw pdunhwv> wkh ghpdqg iru xuedq wudyho prghv
+Grphqflfk ) PfIdgghq/ 4<:8,/ wkh ghpdqg iru krxvlqj +Ohh ) Wurvw/
4<:;,/ wkh ghpdqg iru hohfwulf dssoldqfhv dqg hohfwulflw| frqvxpswlrq +Gx0
elq ) PfIdgghq/ 4<;7, dqg wkh fkrlfh ri vkrsslqj ghvwlqdwlrq dqg vkrsslqj
h{shqglwxuhv +Eduqdug ) Khqvkhu/ 4<<5,1 Wkh iroorzlqj jhqhudo prgho iru
d krxvhkrog*v glvfuhwh fkrlfh ehwzhhq fkdulwlhv dqg lwv frqwlqxrxv fkrlfh ri
krz pxfk wr vshqg lv edvhg rq Kdqhpdqq +4<;7,/ Gxelq dqg PfIdgghq
+4<;7,/ dqg Eduqdug dqg Khqvkhu +4<<5,1

ZWS zrxog jlyh d qhjdwlyh dqvzhu1
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D uhsuhvhqwdwlyh krxvhkrog +vxssuhvvlqj lqgh{dwlrq, fdq eh dvvxphg wr
pd{lplvh wkh +ghwhuplqlvwlf, xwlolw| ixqfwlrq=

4@ 
Ucr

� ' �EUc r( �

vxemhfw wr

+ ' T�Un r

U � f

r : f

U lv d '� � yhfwru ri fkdulwlhv/ r d Klfnvldq frpsrvlwh jrrg frqghqvlqj wkh
frqvxpswlrq ri ruglqdu| jrrgv/  lv d yhfwru ri krxvhkrog vshfl�f fkdudfwhu0
lvwlfv/ T lv d '� � sulfh yhfwru iru fkdulwlhv dqg + lv krxvhkrog lqfrph16 Wkh
xwlolw| ixqfwlrq lv dvvxphg wr eh txdvlfrqfdyh dqg lqfuhdvlqj lq U dqg r1

D vlpsoli|lqj dvvxpswlrq lv wkdw wkh krxvhkrog ylhzv gl�huhqw fkdulwlhv
hvvhqwldoo| dv vxevwlwxwhv dqg/ wkhuhiruh/ fkrrvhv wr frqvxph rqo| rqh nlqg ri
fkdulw|1 Frqvhtxhqwo|/ wkh krxvhkrog frqvxphv ruglqdu| jrrgv dqg d vlqjoh
fkdulw|/ lpso|lqj wkdw rqh ri wkh S*v lv srvlwlyh/ zkloh wkh uhvw duh }hur1

Lq vroylqj wkh xwlolw| pd{lplvdwlrq sureohp/ wkh krxvhkrog fdq eh uh0
jdughg dv vroylqj d wzr0vwdjh pd{lplvdwlrq surfhvv/ zlwk �uvw d glvfuhwh/
wkhq d frqwlqxrxv fkrlfh1 Wkh glvfuhwh sduw ri wkh sureohp uhodwhv wr zklfk
ri wkh fkdulwlhv fkrvhq/ zkloh wkh frqwlqxrxv sduw uhodwhv wr wkh pdjqlwxgh
ri wkh grqdwlrq1

Li zh dvvxph wkdw fkdulw| � lv fkrvhq/ S� : f dqg S� ' f iru doo � 9' ��
Frqvhtxhqwo|/ wkh krxvhkrog*v pd{lplvdwlrq sureohp fdq eh uhgh�qhg dv=

4@ 
S� cr

�� ' ��ES�c r�( �

vxemhfw wr
+ ' R�S� n r�

dqg wkh uhohydqw qrqqhjdwlylw| uhvwulfwlrqv1 Frqglwlrqdo rq wkh fkrlfh ri
fkdulw| �/ wkh vroxwlrq ri wklv sureohp |lhogv d frqglwlrqdo ghpdqg ixqfwlrq
iru wkh krxvhkrog*v sxufkdvh ri wkh fkdulw|=

SW
�
' SW

�
ER�c +( ��

6Vlqfh jlylqj wr fkdulwlhv lv dvvxphg wr eh yroxqwdu|/ wkhuh duh qr frqyhqwlrqdo sulfhv

iru fkdulwlhv1 Frqvhtxhqwo|/ wkh sulfh iru fkdulwlhv fdq eh qrupdolvhg wr rqh/ l1h1 ex|lqj

d xqlw ri fkdulw| frvw rqh1 Pruhryhu/ wkh sulfh iru fkdulwlhv dqg wkh lqfrph kdv ehhq

qrupdolvhg e| wkh sulfh ri wkh Klfnvldq frpprglw|1
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Dvvrfldwhg zlwk wkh frqglwlrqdo ghpdqg ixqfwlrq lv d frqglwlrqdo lqgluhfw
xwlolw| ixqfwlrq/ zklfk gh�qhv wkh pd{lpxp dwwdlqdeoh xwlolw| ohyho/ frqgl0
wlrqdo rq wkh fkrlfh ri fkdulw| �=

�W

�
' �W

�
ESW

�
c rW

�
( � ' �W

�
ER�c +( ��

Wkh krxvhkrog zloo fkrrvh fkdulw| � li=

�W

�
ER�c +( � : �W

�
ER�c +( �c iru doo � 9' ��

Wkdw lv/ wkh krxvhkrog zloo fkrrvh fkdulw| � li lw jhqhudwhv wkh kljkhvw frqgl0
wlrqdo lqgluhfw xwlolw|1 Wkh frqglwlrqdo lqgluhfw xwlolw| ixqfwlrq zloo eh xvhg
lq prghoolqj wkh glvfuhwh fkrlfh sduw ri wkh sureohp1

Lq prghoolqj wkh frqwlqxrxv sduw/ zh zloo xvh wkh frqglwlrqdo ghpdqg
ixqfwlrq rewdlqhg e| Ur|*v lghqwlw| +Yduldq/ 4<<5,=

SW
�
ER�c +( � ' �

Y�W

�
*YR�

Y�W

�
*Y+

c +4,

wr gh�qh d �fkdulw| h{shqglwxuh ixqfwlrq� E_W

�
�=7

_W

�
' R�S

W

�
ER�c +( �� +5,

Htxdwlrqv +4, dqg +5, olqn wkh fkrlfh ri fkdulw| dqg wkh vhtxhqwldo fkrlfh
ri h{shqglwxuh ohyho1

Dowkrxjk wkh xwlolw| ixqfwlrq lv ghwhuplqlvwlf iru wkh lqglylgxdo krxvhkrog
lw frqwdlqv hohphqwv wkdw duh xqrevhuydeoh wr wkh uhvhdufkhu1 Zh qrz lqwur0
gxfh d udqgrp whup wr h{sodlq zk| wzr lghqwlfdo krxvhkrogv +zlwk uhjdug wr
edfnjurxqg fkdudfwhulvwlfv, pdnh gl�huhqw fkrlfhv ehwzhhq fkdulwlhv1 Wkhuh
pljkw/ iru lqvwdqfh/ eh xqrevhuydeoh krxvhkrog idfwruv ru fkdulw| dwwulexwhv
wkdw d�hfw wkh krxvhkrog*v fkrlfh1 Doo wkhvh xqrevhuydeoh hohphqwv duh fro0
ohfwhg lq dq huuru whup1 Wkxv/ doorzlqj iru udqgrpqhvv/ zh pd| vshfli| wkh
frqglwlrqdo lqgluhfw xwlolw| ixqfwlrq dqg wkh h{shqglwxuh ixqfwlrq dvvrfldwhg
zlwk fkdulw| � dqg krxvhkrog ? dv=

�W

�?
'

b

��? ER�c +?( ?� n 0�? +6,

_W

�?
' R�S

W

�?
ER�c +?( ?� n ��?� +7,

7Qrwh wkdw wklv lv qrw wkh frqyhqwlrqdo h{shqglwxuh ixqfwlrq lq plfurhfrqrplf wkhru|/

l1h1 wkh lqyhuvh ri wkh lqgluhfw xwlolw| ixqfwlrq/ exw phuho| d sulfh0wlphv0txdqwlw| ixqfwlrq1
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b

��? lv wkh ghwhuplqlvwlf sduw ri wkh frqglwlrqdo lqgluhfw xwlolw| ixqfwlrq/ zkloh
0�? dqg ��? duh wkh huuru whupv1 Vlqfh wkh huuru whupv duh dgghg wr wkh
ixqfwlrqv/ wkh| duh wuhdwhg rxwvlgh wkh xwlolw| wkhruhwlfdo iudphzrun +iru dq
lqwhjudwhg dssurdfk/ vhh Kdqhpdqq/ 4<;7,1

Lq rughu wr vlpsoli| wkh hvwlpdwlrqv/ zh kdyh fkrvhq d irup iru
b

��? wkdw
jlyhv d olqhdu fkdulw| h{shqglwxuh ixqfwlrq1 D idplo| ri ixqfwlrqv wkdw vdwlvi|
wklv uhtxluhphqw fdq/ iroorzlqj Gxelq dqg PfIdgghq +4<;7,/ eh h{suhvvhg
dv8=

b

��?' s�
�
s2ER�c +?( ?�e

3qR�
�

zkhuh s2 lv olqhdu lq lwv dujxphqwv1 Dvvxplqj d vshfl�f irup ri
b

��?=
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jhqhudwhv wkh qrqvwrfkdvwlf sduw ri wkh fkdulw| h{shqglwxuh ixqfwlrq/
b

_�?'
R�S

W

�?=
b

_�?' R�Ek
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n k�

�
R� n k�

2
+? n  �?�

��c +9,

zkhuh k�
f
c k�

�
dqg k�

2
duh sdudphwhuv/ zkloh �� lv d yhfwru ri sdudphwhuv1

Dvvxplqj wkdw wkhuh duh ' fkdulwlhv iru wkh krxvhkrog wr fkrrvh ehwzhhq/
hvwlpdwlrq uhtxluhv gdwd rq krxvhkrog h{shqglwxuhv rq hdfk dqg hyhu| rqh
ri wkh ' fkdulwlhv1 Vlqfh zh kdyh v|vwhpdwlf plvvlqj gdwd iru h{shqglwxuhv
rq fkdulwlhv rwkhu wkdq hohskdqw surwhfwlrq/ zh rqo| dwwhpsw wr hvwlpdwh d
sduwldo ghpdqg v|vwhp1 Vshfl�fdoo|/ dv rxu gdwd rqo| shuplw wkh dqdo|vlv
ri rqh fkdulw|/ wkh krxvhkrog*v fkrlfh ehwzhhq gl�huhqw fkdulwlhv lv uhgxfhg
wr wkh fkrlfh ehwzhhq hohskdqw surwhfwlrq dqg dq dowhuqdwlyh fkdulw| +ru qr
fkdulw| dw doo,1

8Dffruglqj wr Gxelq ) PfIdgghq +4<;7,/ dq| ixqfwlrq y+=, wkdw kdv wkh qhfhvvdu| dqg
vx!flhqw surshuwlhv ri dq lqgluhfw xwlolw| ixqfwlrq fdq eh xvhg zkhq frqvwuxfwlqj ixqfwlrqdo

irupv iru glvfuhwh2frqwlqxrxv fkrlfh prghov1 Lq rughu wr uhsuhvhqw d ydolg lqgluhfw xwlolw|

ixqfwlrq/ y+=, pxvw eh qrq0lqfuhdvlqj lq sulfhv dqg qrq0ghfuhdvlqj lq lqfrph/ frqwlqxrxv
lq sulfhv dqg lqfrph/ txdvl0frqyh{ lq sulfhv dqg krprjhqrxv ri ghjuhh }hur lq sulfhv

dqg lqfrph1 Vlqfh fkdulwlhv kdyh qr frqyhqwlrqdo sulfhv/ lw lv qrw srvvleoh wr whvw iru wkh
sulfh surshuwlhv1 Krzhyhu/ Gxelq ) PfIdgghq +lelg1, irxqg wkhlu ixqfwlrqdo irup wr eh

frqvlvwhqw zlwk hfrqrplf wkhru|1
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7 Prghov iru Fkdulwdeoh Jlylqj

Frqvlghulqj wkh fkdudfwhulvwlfv ri wkh gdwd surgxfhg lq wkh FY vxuyh| +wkh
ghshqghqw yduldeoh lv qrqqhjdwlyh/ zkhuh }hur lv d frpprq dqg phdqlqjixo
ydoxh,/ Wrelw dqdo|vlv pljkw eh wkh reylrxv fkrlfh zkhq dqdo|vlqj wkh ghwhu0
plqdqwv ri fkdulwdeoh jlylqj1 Krzhyhu/ wkh Wrelw prgho lv yhu| uhvwulfwlyh1
Iru lqvwdqfh/ lq wkh Wrelw prgho d yduldeoh wkdw lqfuhdvhv wkh suredelolw| ri
d srvlwlyh revhuydwlrq dovr lqfuhdvhv wkh frqglwlrqdo phdq ydoxh1 Lq vrph
fdvhv lw lv pruh olnho| wkdw wkh h�hfwv duh wkh rssrvlwh1 Iru h{dpsoh/ wkh
suredelolw| ri d exloglqj fdwfklqj �uh dqg wkh frqvhtxhqwldo orvv gxh wr wkh
�uh erwk ghshqg rq wkh djh ri wkh exloglqj/ exw lq frqwudu| gluhfwlrqv +Olq
) Vfkplgw/ 4<;7,1 Ixuwkhupruh/ lq Wrelw dqdo|vlv doo }hurv duh uhjdughg dv
fruqhu vroxwlrqv1 Wkxv/ wkh Wrelw prgho grhv qrw uhfrjqlvh wkdw wkhuh pd| eh
gl�huhqw surfhvvhv ehklqg wkh sduwlflsdwlrq +frqwulexwlrq, dqg wkh frqvxps0
wlrq +h{shqglwxuh, ghflvlrqv1 Iru h{dpsoh/ iru qrq0vprnhuv dqg whhwrwdoohuv/
wkh qrq0frqvxpswlrq ri fljduhwwhv dqg dofrkro lv iuhtxhqwo| wkh uhvxow ri phg0
lfdo ru vrfldo sulqflsohv dqg qrw hfrqrplf ghflvlrqv +Sxgqh|/ 4<;</ fk1 7,1
Vlqfh vxfk qrq0frqvxpswlrq gr qrw uhsuhvhqw ruglqdu| fruqhu vroxwlrqv +qr
sulfhv ru lqfrph zrxog lqgxfh wkh lqglylgxdov wr frqvxpswlrq,/ wkhuh lv uhd0
vrq wr h{dplqh zkhwkhu }hurv dqg srvlwlyh dqvzhuv duh jhqhudwhg e| wzr
gl�huhqw surfhvvhv1

Frqvlghulqj wkh olplwdwlrqv ri wkh Wrelw prgho/ zh qhhg d ohvv uhvwulfwlyh
prgho1 Vxfk d prgho fdq eh irxqg lq wkh idplo| ri grxeoh kxugoh prghov/
zkhuh prghov gl�hu iurp hdfk rwkhu ghshqglqj rq wkh dvvxpswlrqv pdgh
derxw wkh ghshqghqfh ehwzhhq/ dqg wkh uhodwlyh lpsruwdqfh ri/ wkh gl�huhqw
surfhvvhv +fi1 Mrqhv/ 4<;</ iru dq ryhuylhz,1

Zh jlyh d eulhi h{srvlwlrq ri d vxevhw ri srvvleoh grxeoh kxugoh prghov1
Iluvw/ lqghshqghqfh ehwzhhq wkh wzr gl�huhqw surfhvvhv uhvxowv lq wkh Fudjj
prgho +Fudjj/ 4<:4,1 Lq wkh Fudjj prgho/ wkh }hurv duh dvvxphg wr eh txdo0
lwdwlyho| gl�huhqw lq wkdw wkhuh duh wuxh }hurv dqg ruglqdu| fruqhu vroxwlrqv19

Zkhq vshfl�hg dv lq Olq dqg Vfkplgw +4<;7,:/ wkh Fudjj prgho qhvwv wkh
Wrelw1 Frqvhtxhqwo|/ d olnholkrrg udwlr +OU, whvw ehwzhhq wkh wzr prghov

9Wkh txdolwdwlyh gl�huhqfh ehwzhhq wuxh }hurv dqg fruqhu vroxwlrqv xvxdoo| dulvhv iurp

qrq0revhuydelolw| dqg wkh vxuyh|lqj phwkrg1 Iru lqvwdqfh/ vxuyh|lqj krxvhkrogv* sxu0
fkdvhv ri phdw d vshfl�f gd| zloo prvw olnho| surgxfh vrph }hurv1 Rxw ri wkhvh }hurv/

d ihz krxvhkrogv duh olnho| wr eh yhjhwduldqv +wuxh }hurv,/ zkloh rwkhuv/ kdyh d srvlwlyh
ghpdqg iru phdw hyhq wkrxjk zh gr qrw revhuyh lw wkh sduwlfxodu gd| ri lqyhvwljdwlrq1

:Edvhg rq Htxdwlrqv +:, dqg +;,/ s1 ;64/ lq Fudjj/ 4<:41
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zloo ghwhuplqh zkhwkhu fkdulwdeoh jlylqj lv ehvw prghoohg e| d vlqjoh htxdwlrq
ru d grxeoh kxugoh prgho1 Zkhq hvwlpdwlqj wkh Fudjj prgho +hyhq wkrxjk
lw lv lqfrpsdwleoh zlwk wkh wkhruhwlfdo prgho rxwolqhg lq vhfwlrq 6,; rq rxu
gdwd +vhh Dsshqgl{ D iru h{sodqdwru| yduldeohv dqg Dsshqgl{ E iru uhvxowv,/
wkh olnholkrrg ixqfwlrq zdv yhu|  dw/ krzhyhu lqfuhdvlqj/ lq wkh vwdqgdug
ghyldwlrq sdudphwhu +j|o,/ vr wkdw frqyhujhqfh zdv gl!fxow1 Qrqhwkhohvv/
�{lqj wklv sdudphwhu dw wkh Wrelw hvwlpdwh ri wkh vwdqgdug ghyldwlrq +j|,/
zh duh deoh wr shuirup d OU whvw zkhuh wkh Wrelw prgho lv vwurqjo| uhmhfwhg1<

Khqfh/ zh kdyh hylghqfh rq wkh dssursuldwhqhvv ri prghoolqj wkh sureohp lq
wzr sduwv1

Wkh Fudjj prgho*v dvvxpswlrq ri lqghshqghqfh ehwzhhq wkh frqwulexwlrq
dqg wkh h{shqglwxuh ghflvlrqv pljkw vhhp xquhdolvwlf1 Fruuhodwlrq ri wkh huuru
whupv pd|/ iru lqvwdqfh/ uhvxow iurp xqfhuwdlqw| derxw wkh ixqfwlrqdo irup
ri wkh frqglwlrqdo lqgluhfw xwlolw| ixqfwlrq vlqfh wkhuh pd| eh xqrevhuydeoh
idfwruv wkdw lqfuhdvh wkh krxvhkrog*v suredelolw| ri jlylqj +h1j1 krxvhkrog
ehqhyrohqfh/ frpsdvvlrq hwf1,/ zklfk dovr lqfuhdvh wkh dprxqw grqdwhg e|
wkh krxvhkrog1 Wkhuhiruh/ dvvxplqj ghshqghqfh dqg wkdw wkh frqwulexwlrq
ghflvlrq �grplqdwhv� wkh h{shqglwxuh ghflvlrq vr wkdw rqo| wkrvh zlwk ZWS
: f duh prghoohg lq wkh fkdulw| h{shqglwxuh ixqfwlrq/ uhvxowv lq d �uvw kxugoh
grplqdqfh prgho1 Lq wklv prgho }hurv dqg srvlwlyh ydoxhv duh jhqhudwhg
e| gl�huhqw surfhvvhv1 Wkh �uvw kxugoh grplqdqfh prgho fruuhvsrqgv wr
Khfnpdq*v vdpsoh vhohfwlrq prgho +Khfnpdq/ 4<:<,/ zklfk pd| eh hvwlpdwhg
hlwkhu e| pd{lpxp olnholkrrg +PO, ru e| d wzr0vwhs hvwlpdwru1

Ixuwkhupruh/ li wkh h{shqglwxuh ghflvlrq grplqdwhv wkh frqwulexwlrq gh0
flvlrq dqg lqghshqghqfh lv dvvxphg ehwzhhq wkh wzr ghflvlrqv/ wkh frpsohwh
grplqdqfh prgho iroorzv1 Wklv vlpsol�hv wr d surelw iru wkh frqwulexwlrq
dqg dq ruglqdu| ohdvw vtxduhv +ROV, iru wkh fkdulw| h{shqglwxuh ixqfwlrq1

Zlwk wkh pruh uhdolvwlf dvvxpswlrq ri ghshqghqfh ehwzhhq wkh wzr gh0
flvlrqv/ dqg/ zlwk rxu gdwd rq ZWS/ zkhuh fruqhu vroxwlrqv duh xqolnho|
gxh wr wkh vxuyh| ghvljq/ zh edvh rxu hpslulfdo dqdo|vlv rq wkh �uvw kxugoh
grplqdqfh prgho zkhuh doo }hurv duh wuhdwhg dv wuxh }hurv143

;Lq wkh wkhruhwlfdo prgho ri vhfwlrq 6/ jlylqj wr hohskdqw surwhfwlrq lv gh�qhg e|

fm A 3 +fkdulw| m uhsuhvhqwv hohskdqw surwhfwlrq,1 Vlqfh wkhuh lv qr plqlpxp sulfh iru

fm / lw vhhpv xqolnho| wkdw d uhvsrqghqw zrxog djuhh wr jlyh wr hohskdqw surwhfwlrq +sdvv
wkh �uvw kxugoh, dqg wkhq vwdwh d }hur elg1 Fruqhu vroxwlrqv iru hohskdqw surwhfwlrq duh/

wkhuhiruh/ lpsodxvleoh1
<OU whvw vwdwlvwlf= 4591:8 +s0ydoxh ? 3=333,=

43Krzhyhu/ surwhvw }hurv zrxog surgxfh fruqhu vroxwlrqv1
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8 Hvwlpdwlrq dqg Hpslulfdo Uhvxowv

Lq rughu wr uhgxfh hvwlpdwlrq frpsoh{lw|/ zh pdnh wkh vwdqgdug dvvxpswlrq
wkdw 0�? dqg ��? lq Htxdwlrqv +6, dqg +7, duh elyduldwh qrupdoo| glvwulexwhg
zlwk fruuhodwlrq 4/ l1h1 E0�?c ��?� q elyduldwh qrupdo Efc fc �c j�c 4�� Rqo| lq
wkh fdvh zkhuh 4 lv }hur/ lv wkhuh lqghshqghqf| ehwzhhq 0�? dqg ��?/ dqg
wkh glvfuhwh dqg frqwlqxrxv sduwv ri wkh prgho pd| eh hvwlpdwhg vhsdudwho|
+li/ lqghhg/ 4 ' fc wkh sdudphwhuv duh pruh h!flhqwo| hvwlpdwhg vhsdudwho|/
zlwkrxw wkh fruuhfwlrq whup,1

Wkh sdudphwhuv ri wklv prgho fdq eh hvwlpdwhg zlwk PO1 D frqvlvwhqw
dowhuqdwlyh wzr0vwhs surfhgxuh/ iroorzlqj Khfnpdq +4<:<,/ lv/ krzhyhu/ vlp0
sohu/ doehlw ohvv h!flhqw +Juhhqh/ 4<<6/ fk1 55,1 Lq wklv surfhgxuh/ d surelw
prgho lv hvwlpdwhg iru wkh ghflvlrq wr jlyh dqg d olqhdu uhjuhvvlrq prgho iru
wkh fkdulw| h{shqglwxuh ixqfwlrq1

Li zh rqo| kdyh wzr gl�huhqw fkdulwlhv/ � dqg �/ zh pd| uhsuhvhqw wkh
krxvhkrogv* glvfuhwh fkrlfhv ri fkdulw| � e| d elqdu| ydoxhg lqgh{ ixqfwlrq/
U��c ���U�� / zkhuh U�? ' � li hohskdqw surwhfwlrq lv fkrvhq dqg U�? ' f li lw lv
qrw144 Khqfh/ zh pd| zulwh=

U�?ERc +( � '
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Zlwk udqgrpqhvv lqfoxghg lq wkh prgho/ wkh suredelolw| wkdw krxvhkrog ?
zloo fkrrvh fkdulw| � lv htxdo wr=
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44Lq wkh hpslulfdo hvwlpdwlrqv/ Lmq @ 4 li wkh uhvsrqghqw kdv uhsruwhg d srvlwlyh ZWS

dqg Lmq @ 3 li wkh uhvsrqghqw kdv uhsruwhg d }hur ZWS ru d �edu� +d �edu� rffxuv li wkh

uhvsrqghqw pdunv wkh duhd ohiw iru vwdwlqj klv ZWS zlwk mxvw d vwurnh ri klv shq,1
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Pd{lpxp olnholkrrg hvwlpdwhv ri wkh sdudphwhuv lq +;, duh rewdlqhg e|
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dU�? *?x E3�?�� n E�� U�?� *? E�� xE3�?���o

zlwk uhvshfw wr �� Khuh/ xE�� lv wkh vwdqgdug qrupdo fxpxodwlyh glvwulexwlrq
ixqfwlrq1

Xvlqj wkh revhuyhg gdwd rq krxvhkrog h{shqglwxuh wr hvwlpdwh wkh sd0
udphwhuv ri wkh fkdulw| h{shqglwxuh ixqfwlrq +9, zlwk ROV jhqhudoo| surgxfhv
lqfrqvlvwhqw hvwlpdwhv vlqfh .E��?� 9' f1 Wklv fdq eh vhhq lq wkh iroorzlqj
h{suhvvlrq=
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?��/ wkh Khfnpdq fruuhfwlrq whup zkhuh �E�� lv wkh vwdqgdug
qrupdo ghqvlw| ixqfwlrq1

Khqfh/ xqohvv/ 4 ' fc wkh ROV hvwlpdwru lv lqfrqvlvwhqw1 Wr surgxfh
frqvlvwhqw hvwlpdwhv/ b? fdq eh hvwlpdwhg iurp wkh surelw hvwlpdwhv iurp wkh

�uvw vwhs wr frpsxwh wkh Khfnpdq fruuhfwlrq whup
2
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Vxevhtxhqwo|/ zh fdq hvwlpdwh
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b? n1�? +<,

zlwk ROV1 Khuh/ .E1�?� ' f vlqfh 1�? ' _W�? � .E_W�? m U�? ' ��145 Wkh
uhvxowv iurp wklv �uvw kxugoh grplqdqfh prgho hvwlpdwhg zlwk Khfnpdq*v
wzr vwhs hvwlpdwru duh jlyhq lq Wdeoh 5 +vhh Dsshqgl{ D iru d ghvfulswlrq ri
wkh h{sodqdwru| yduldeohv,1

45Krzhyhu/ wkh yduldqfh/ Y +�mq,> lv khwhurvfhgdvwlf +fi1 Juhhqh/ 4<<6/ fk1 55,1
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9 Whvwlqj Prgho Dvvxpswlrqv

Lq rughu wr hydoxdwh wkh txdolw| ri wkh prgho/ lw lv lpsruwdqw wr ghwhuplqh
wkh ydolglw| ri wkh prgho dvvxpswlrqv1 Zkhq hvwlpdwlqj wkh �uvw kxugoh
grplqdqfh prgho zlwk wkh Khfnpdq wzr0 vwhs hvwlpdwru/ elyduldwh qrupdolw|
lv dvvxphg1 Sdjdq dqg Yhood +4<;<, ghylvh d frqglwlrqdo prphqw whvw iru
elyduldwh qrupdolw|/ edvhg rq d vtxduhg srzhu vhulhv h{sdqvlrq durxqg wkh
edvholqh elyduldwh qrupdo ghqvlw|146 D vlpsoh zd| wr shuirup wkh whvw lv wr

dgg wkuhh yduldeohv/ fdofxodwhg dv
2

b? E3�?
2

��&/ & ' �c 2c �/ wr Htxdwlrq +<,1
Li wkh frh!flhqwv ri wkhvh yduldeohv mrlqwo| duh }hur/ zh fdqqrw uhmhfw wkh
dvvxpswlrq ri elyduldwh qrupdolw|1 Dq 8 0whvw iru wklv uhvwulfwlrq kdv wkh
ydoxh ��f�/ zklfk lv lqvljql�fdqw dw dq| frqyhqwlrqdo ohyho ri vljql�fdqfh1

Jlyhq elyduldwh qrupdolw|/ wkh lqvljql�fdqfh ri wkh Khfnpdq fruuhfwlrq
sdudphwhu/ qb/ lpsolhv wkdw zh duh xqdeoh wr uhmhfw wkh k|srwkhvlv ri lqgh0
shqghqfh ehwzhhq wkh huuru whupv/ 0�? dqg ��?1 Frqvhtxhqwo|/ wkh glvfuhwh
dqg frqwlqxrxv sduwv ri wkh prgho pd| eh hvwlpdwhg vhsdudwho|/ zklfk lqgl0
fdwhv wkdw wkh ghflvlrq wr jlyh dw wkh h{whqvlyh pdujlq lv lqghshqghqw ri wkh
ghflvlrq wr jlyh dw wkh lqwhqvlyh pdujlq1 Krzhyhu/ zkhq hvwlpdwlqj vxfk frp0
sohwh grplqdqfh prgho wr jhw d pruh h!flhqw hvwlpdwru/ d Euhxvfk0Sdjdq
whvw +ES, fdqqrw uhmhfw khwhurvfhgdvwlflw| +vhh Wdeoh 5,147 Vlqfh wkh �uvw
kxugoh grplqdqfh prgho lv lqkhuhqwo| khwhurvfhgdvwlf/ wkh ES whvw vshdnv lq
idyrxu ri wklv prgho148

: Frqfoxvlrqv

Wkh dlp ri wklv sdshu lv wr �qg ghwhuplqdqwv ri fkdulwdeoh jlylqj1 Lq rughu
wr gr wkdw/ d wzr0vwhs prgho iru glvfuhwh2frqwlqxrxv krxvhkrog fkrlfhv lv
ghyhorshg/ zkhuh wkh krxvhkrog �uvw frqiurqwv wkh glfkrwrprxv fkrlfh ri
jlylqj yhuvxv qrw jlylqj wr hohskdqw surwhfwlrq/ wkhq/ frqglwlrqdo rq wkh
ghflvlrq wr jlyh/ frqiurqwv wkh sureohp ri krz pxfk wr jlyh1 Edvhg rq wkh

46Iru whfkqlfdo ghwdlov/ vhh Jdoodqw dqg Q|fknd +4<;:,1
47Whvw vwdwlvwlf= "5 @ 655=4: zlwk 4: ghjuhhv ri iuhhgrp1
48Gxh wr Khfnpdq*v fruuhfwlrq whup/ pxowlfroolqhdulw| sureohpv lq wkh olqhdu uhjuhvvlrq

sduw ri wkh �uvw kxugoh grplqdqfh prgho duh qrw xqfrpprq1 Khuh/ krzhyhu/ wkh U5 dqg wkh

vljql�fdqfh ri h{sodqdwru| yduldeohv gr qrw lqglfdwh vhyhuh pxowlfroolqhdulw|1 Ixuwkhupruh/
zkhq hvwlpdwlqj wkh ROV sduw ri wkh frpsohwh grplqdqfh prgho/ zh jhw doprvw wkh vdph

uhvxowv dv lq wkh ROV sduw ri wkh �uvw kxugoh grplqdqfh prgho +vhh Wdeoh 5,1
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k|srwkhwlfdo FY gdwd rq wkh Vzhghv* zloolqjqhvv wr sd| wr surwhfw wkh Diulfdq
hohskdqw/ wkh prgho lv hvwlpdwhg xvlqj Khfnpdq*v wzr0vwhs surfhgxuh1

Dv fdq eh vhhq iurp Wdeoh 5/ wkh yduldeohv wkdw lqfuhdvh wkh suredelolw|
ri jlylqj dw wkh �yh shufhqw ohyho duh> krxvhkrog lqfrph/ phpehuvkls ri hq0
ylurqphqwdo rujdqlvdwlrqv/ d gxpp| yduldeoh lqglfdwlqj wkdw wkh uhvsrqghqw
wklqnv wkdw lw lv yhu| lpsruwdqw wkdw wkh hohskdqw h{lvwv lq Diulfd +LPSGXP,/
dqg d gxpp| yduldeoh lqglfdwlqj wkdw wkh uhvsrqghqw zrxog olnh wr vhh dq
lqfuhdvh lq wkh khug ri hohskdqwv lq wkh ixwxuh +IXWGXP,1 Wkh suredelolw|
ghfuhdvhv zlwk wkh vtxduh ri lqfrph1

Ghwhuplqdqwv ri wkh vl}h ri wkh grqdwlrq duh/ dw wkh �yh shufhqw vljql�0
fdqfh ohyho/ djh dqg wkh vtxduh ri djh1 Wkh qhjdwlyh vljq ri wkh djh sdudphwhu
lv frqvlvwhqw zlwk suhylrxv hpslulfdo FY �qglqjv +Fduvrq/ 4<<8,/ zkloh wkh
srvlwlyh vljq ri wkh vtxduh ri djh lqglfdwhv wkdw wkh dprxqw jlyhq ghfuhdvhv
dw d ghfuhdvlqj udwh1 D yduldeoh lqglfdwlqj wkdw wkh uhvsrqghqw kdg ylvlwhg
Diulfd sulru wr uhfhlylqj wkh txhvwlrqqdluh +SRVWYLV, dqg wkh phpehuvkls
gxpp| erwk d�hfw wkh vl}h ri wkh grqdwlrq dw wkh whq shufhqw ohyho1 Zkloh
wkh dprxqw jlyhq lqfuhdvhv zlwk SRVWYLV/ lw ghfuhdvhv zlwk phpehuvkls ri
dq hqylurqphqwdo rujdqlvdwlrq1

Khqfh/ phpehuvkls lv wkh rqo| yduldeoh wkdw/ dw dq| frqyhqwlrqdo ohyho ri
vljql�fdqfh/ h�hfwv erwk wkh h{whqvlyh dqg wkh lqwhqvlyh pdujlq ri wkh ghfl0
vlrq wr jlyh1 Zkloh phpehuvkls ri dq hqylurqphqwdo rujdqlvdwlrq lqfuhdvhv
wkh suredelolw| ri jlylqj/ lw ghfuhdvhv wkh dprxqw jlyhq1 Shukdsv phpehuv wr
hqylurqphqwdo rujdqlvdwlrqv ihho wkdw wkh| douhdg| kdyh sdlg wkhlu idlu vkduh
zkhq sd|lqj wkh phpehuvkls ihh dqg duh/ wkhuhiruh/ ohvv lqfolqhg wr grqdwh
odujh dprxqwv ri prqh|1

Wkh gxpp| yduldeohv iru wkh gl�huhqw wuhdwphqwv +TE0TG, duh doo lq0
vljql�fdqw/ lqglfdwlqj wkdw qrqh ri wkh wuhdwphqwv kdv vljql�fdqw lpsdfw rq
wkh zloolqjqhvv wr sd| 0 d uhvxow wkdw uhlqirufhv hduolhu �qglqjv +Yuhglq/ 4<<:,1

Zkloh vrph ri wkh yduldeohv duh vwdwlvwlfdoo| vljql�fdqw/ zh vwloo kdyh wr
frqvlghu wkh hfrqrplf uhohydqfh ri wkhvh sdudphwhu hvwlpdwhv1 Wkh pruh
lqwhuhvwlqj sduw wr vwxg| lv wkhq krz wkh vl}h ri wkh grqdwlrq lv d�hfwhg
e| wkh h{sodqdwru| yduldeohv1 Iurp wkh uhvxowv ri wkh ROV sduw ri wkh �uvw
kxugoh grplqdqfh prgho lq Wdeoh 5/ zh vhh wkdw wkh xqfrqglwlrqdo +rq wkh
ghflvlrq wr jlyh ru qrw, phdq ZWS/ .d_W�?o/ lqfuhdvhv zlwk VHN 4;; li wkh
uhvsrqghqw kdv ylvlwhg Diulfd sulru wr uhfhlylqj wkh txhvwlrqqdluh/ zkhuhdv lw
ghfuhdvhv zlwk VHN 478 li wkh uhvsrqghqw lv d phpehu ri dq hqylurqphqwdo
rujdqlvdwlrq1 Wkh xqfrqglwlrqdo phdq ZWS dovr ghfuhdvhv zlwk wkh djh ri
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wkh uhvsrqghqw/ l1h1 e| VHN 57 shu |hdu149

Frqwudu| wr wkh uhdvrqlqj lq Sxgqh| +4<;</ fk1 7,/ wkh ghflvlrq wr jlyh
vhhpv wr eh pruh ri dq hfrqrplf ghflvlrq wkdq d ghflvlrq edvhg rq rwkhu
sulqflsohv vlqfh lqfrph lv vljql�fdqw iru wkh ghflvlrq wr jlyh/ zkhuhdv lw lv
lqvljql�fdqw iru wkh h{shqglwxuh ghflvlrq1 Wkxv/ lq rughu wr yroxqwdulo| frq0
wulexwh wr hohskdqw surwhfwlrq/ wkh krxvhkrog qhhgv wr kdyh vrph vxusoxv
�qdqfldo uhvrxufhv1 Rq wkh rwkhu kdqg/ wkh ghflvlrq rq krz pxfk wr jlyh lv
qrw d�hfwhg e| lqfrph dqg lv wkhuhiruh ohvv ri dq hfrqrplf ghflvlrq1

Ryhudoo/ frqvlghulqj wkh w|sh ri dphqlw| ydoxhg/ wkhvh yduldeohv vhhp wr
eh uhdvrqdeoh suhglfwruv ri wkh ghflvlrq wr jlyh dqg ri krz pxfk wr jlyh1
Dsduw iurp lqfrph/ zh �qg wkdw wkh gulylqj irufh ehklqg wkh zloolqjqhvv
wr sd| iru hohskdqw surwhfwlrq lv phuho| vrph nlqg ri lqwhuhvw lq hohskdqwv1
Dv wkh ghwhuplqdqwv ri jlylqj wr hohskdqw surwhfwlrq vhhp uhdvrqdeoh/ wkh
uhvxowv ri wklv sdshu hqkdqfh wkh uholdelolw| ri wkh ehqh�w hvwlpdwhv iurp wkh
FY vxuyh|/ qrwzlwkvwdqglqj lwv k|srwkhwlfdo qdwxuh1

49Wkh fruuhvsrqglqj �jxuhv iru wkh frqglwlrqdo phdq ZWS/ H^g�mq m Lmq @ 4`/ duh VHN
4<3 li wkh uhvsrqghqw kdg ehhq wr Diulfd sulru wr uhfhlylqj wkh txhvwlrqqdluh dqg VHN

86 li wkh uhvsrqghqw lv d phpehu ri dq hqylurqphqwdo rujdqlvdwlrq1 Ixuwkhupruh/ wkh

frqglwlrqdo phdq ZWS ghfuhdvhv e| VHN 57 zlwk wkh djh ri wkh uhvsrqghqw1 Wkxv/ wkh

odujhvw fkdqjh lq wkh pdujlqdo h�hfwv ehwzhhq frqglwlrqdo dqg xqfrqglwlrqdo ydoxhv lv

gxh wr phpehuvkls1 Vlqfh phpehuvkls srvlwlyho| d�hfwv wkh suredelolw| ri jlylqj/ lw dovr

d�hfwv ZWS wkurxjk lwv suhvhqfh lq wkh Khfnpdq*v fruuhfwlrq whup1
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Dsshqgl{ E

Xqghu wkh qrupdolw| dvvxpswlrq/ wkh orj olnholkrrg iru wkh Wrelw prgho +*?
�|, lv jlyhq e|=

*? �| '
�[
?'�

�
E�� U?� *? dxE�3

�

?�*j�o n U?

�
�
�

2
*?E2Zj2��

�

2j2
E+? � 3�

?��
2

��
c

zkhuh U? lv dq lqglfdwru yduldeoh zlwk ydoxh � li +zloolqjqhvv wr sd|, +? : f
dqg }hur rwkhuzlvh/ 3? lv d yhfwru ri h{sodqdwru| yduldeohv/ � wkh fruuhvsrqg0
lqj sdudphwhu yhfwru dqg xE�� wkh vwdqgdug qrupdo fxpxodwlyh glvwulexwlrq
ixqfwlrq1
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zkhuh 3? lv d yhfwru ri h{sodqdwru| yduldeohv xvhg wr h{sodlq wkh suredelolw|
ri d olplw revhuydwlrq/ l1h1 +? ' f zlwk �

�
dv wkh fruuhvsrqglqj sdudphwhu

yhfwru/  ? lv d yhfwru ri h{sodqdwru| yduldeohv xvhg wr h{sodlq wkh qrq0olplw
revhuydwlrqv zlwk �

2
dv wkh fruuhvsrqglqj sdudphwhu yhfwru1 Vshfl�hg olnh

wklv/ wkh orj olnholkrrg ixqfwlrq lv d frpelqdwlrq ri d surelw dqg d wuxqfdwhg
uhjuhvvlrq prgho1 Frqvhtxhqwo|/ wkh Fudjj prgho pd| eh hvwlpdwhg lq wzr
sduwv/ d surelw sduw dqg d wuxqfdwhg uhjuhvvlrq sduw1

Zkhq q
�
' q

2
*j dqg 3? '  ?c wkh Wrelw prgho iroorzv iurp wkh Fudjj

prgho1 Vlqfh wkh prghov duh qhvwhg/ d olnholkrrg udwlr +OU, whvw ehwzhhq wkh
prghov frxog eh shuiruphg14: Lq erwk wkh Wrelw dqg wkh wuxqfdwhg uhjuhvvlrq
sduw ri wkh Fudjj prgho/ zh hvwlpdwh wkh vwdqgdug ghyldwlrqv +gh�qhg dv
j|c iru wkh Wrelw prgho dqg j|o iru wkh Fudjj prgho,1 Krzhyhu/ wkh orj
olnholkrrg ixqfwlrq zdv yhu|  dw lq j|o lq wkh Fudjj prgho dqg dq rswlpdo
vroxwlrq kdug wr �qg1 Frqvhtxhqwo|/ qr ruglqdu| OU whvw ehwzhhq wkh prghov
frxog eh shuiruphg1 Krzhyhu/ e| �{lqj j|o dw j|/ zh duh deoh wr hvwlpdwh wkh
Fudjj prgho dqg shuirup dq OU whvw1 Wkh OU whvw vwdwlvwlf htxdov b ' 2E*?
�R n *? �|o � *? �|�/ zkhuh *? �R dqg *? �|o duh wkh orj olnholkrrg ydoxhv ri wkh
surelw dqg wkh wuxqfdwhg uhjuhvvlrq prghov/ uhvshfwlyho|1 Khuh/ b ' �2S�.D/
zklfk/ zlwk 4; ghjuhhv ri iuhhgrp/ vwurqjo| uhmhfwv wkh qxoo ri wkh Wrelw

4:Wkh OU whvw vwdwlvwlf lv fkl0vtxduh glvwulexwhg zlwk ghjuhhv ri iuhhgrp htxdo wr wkh

qxpehu ri uhvwulfwlrqv1
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prgho1 Wkxv/ wkh gl�huhqw ghflvlrqv rq frqwulexwlrq dqg h{shqglwxuh vhhp
wr ehvw eh prghoohg lq wzr sduwv/ l1h1 zlwk vrph nlqg ri grxeoh kxugoh prgho1
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; Uhihuhqfhv

Eduqdug S1 R1 dqg G1 D1 Khqvkhu +4<<5,= �Wkh Vsdwldo Glvwulexwlrq ri
Uhwdlo H{shqglwxuhv1 Mrlqw Hvwlpdwlrq ri d Sro|fkrwrprxv Glvfuhwh0
Frqwlqxrxv Fkrlfh V|vwhp�1 Mrxuqdo ri Wudqvsruw Hfrqrplfv dqg Sro0
lf|/ Vhswhpehu/ 5<<0645

Fduvrq U1 W1 +4<<8,= Frqwlqjhqw Ydoxdwlrq Vxuyh|v dqg Whvwv ri Lqvhqvlwlylw|
wr Vfrsh1 Plphr1

Fudjj M1 J1 +4<:4,= �Vrph Vwdwlvwlfdo Prghov iru Olplwhg Ghshqghqw Ydul0
deohv zlwk Dssolfdwlrq wr wkh Ghpdqg iru Gxudeoh Jrrgv�1 Hfrqrphw0
ulfd/ 6<+8,/ ;5<0;77

Grphqflfk W1 D1 dqg G1 PfIdgghq +4<:8,= Xuedq Wudyho Ghpdqg1 Qruwk
Kroodqg/ Dpvwhugdp

Gxelq M1 D1 dqg G1 O1 PfIdgghq +4<;7,= �Dq Hfrqrphwulf Dqdo|vlv ri Uhvl0
ghqwldo Hohfwulf Dssoldqfh Kroglqjv dqg Frqvxpswlrq�1 Hfrqrphwulfd/
85/ 6780695

Jdoodqw D1 U1 dqg G1 Z1 Q|fknd +4<;:,= �Vhpl0Qrqsdudphwulf Pd{lpxp
Olnholkrrg Hvwlpdwlrq�1 Hfrqrphwulfd/ 88/ 69606<3

Juhhqh Z1 K1 +4<<6,= Hfrqrphwulf Dqdo|vlv1 Vhfrqg hglwlrq/ Pdfploodq
Sxeolvklqj Frpsdq|/ Qhz \run

Kdqhpdqq Z1 P1 +4<;7,= �Glvfuhwh2Frqwlqxrxv Prghov ri Frqvxphu Gh0
pdqg�1 Hfrqrphwulfd/ 85/ 8740894

Khfnpdq M1 M1 +4<:<,= �Vdpsoh Vhohfwlrq Eldv dv d Vshfl�fdwlrq Huuru�1
Hfrqrphwulfd/ 7:/ 4860494

Mrqhv D1 P1 +4<;<,= �D Grxeoh0Kxugoh Prgho ri Fljduhwwh Frqvxpswlrq�1
Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 7/ 5606<

Ohh O1 I1 dqg U1 S1 Wurvw +4<:;,= �Hvwlpdwlrq ri Vrph Olplwhg Ghshqghqw
Yduldeoh Prghov zlwk Dssolfdwlrq wr Krxvlqj Ghpdqg�1 Mrxuqdo ri
Hfrqrphwulfv/ ;/ 68:06;5

Olq W1 I1 dqg S1 Vfkplgw +4<;7,= �DWhvw ri wkh Wrelw Vshfl�fdwlrq djdlqvw dq
Dowhuqdwlyh Vxjjhvwhg e| Fudjj�1 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/
99/ 4:704:;

Pdujrolv K1 +4<;5,= Vho�vkqhvv/ Dowuxlvp dqg Udwlrqdolw|1 D Wkhru| ri Vrfldo
Fkrlfh1 Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh

Sdjdq D1 dqg I1 Yhood +4<;<,= �Gldjqrvwlf Whvwv iru Prghov Edvhg rq Lqgl0
ylgxdo Gdwd= D Vxuyh|�1 Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 7/ V5<0V8<

Sxgqh| V1 +4<;<,= Prghoolqj Lqglylgxdo Fkrlfh1 Wkh Hfrqrphwulfv ri Fru0
qhuv/ Nlqnv dqg Krohv1 Edvlo Eodfnzhoo/ R{irug
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Yduldq K1 U1 +4<<5,=Plfurhfrqrplf Dqdo|vlv1 Wklug hglwlrq/ Qruwrq ) Frp0
sdq| Lqf1

Yuhglq P1 +4<<:,= Ydoxlqj d Shulskhudo Hqylurqphqwdo Dphqlw|= Wkh Vzhghv*
Zloolqjqhvv wr Sd| iru wkh Vxuylydo ri wkh Diulfdq Hohskdqw1 Sdshu ^L`/
wklv wkhvlv1
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Wdeoh 5= Uhvxowv iurp wkh �uvw kxugoh dqg frpsohwh grplqdqfh prghov1

Iluvw kxugoh Frpsohwh

Yduldeoh Surelw w0ydoxh ROV w0ydoxh ROV w0ydoxh

Frqvwdqw 03156:; 03174< 43831; 5164; 95;1; 51933

VH[ 3139;: 31938 4319 31564 531: 31878

DJH 31335: 31446 05716 051656 05318 041:83

DJHVT 0313335 031;;; 316 41<93 315 41835

HGXFDWLRQ 031339: 03165; 031; 031433 0417 031579

FKLOGUHQ 313799 31:68 0461: 0318:: 0;1: 031783

UHVLGHQFH 313878 31784 4<14 31739 581; 31954

SRVWYLV 313435 3136; 4;;15 41;;3 4;;16 516;:

SUHYLV 314:;: 413;5 :418 41494 <:1< 418:;

PHPEHU 317:33 51<5< 047813 041995 0:41; 041;:9

LQFRPH 3137:6 61766 315 31355 <13 41988

LQFRPHVT 0313339 051837 0314 03138; 0313 0414;6

RXWGXP 31384; 31786 9715 416;7 :714 419<3

LPSGXP 317:<8 713;< 043715 041343 0;14 0314:9

IXWGXP 315<3< 515:7 971: 41344 4431: 51;39

TE 313;34 31858 06515 03185: 05313 031689

TF 3133:: 3137< 0;417 041633 0;61< 0418<4

TG 313;5; 31876 5617 316:9 6817 318;6

q
b

076914 0413;6

-2
313;8 313;6

Fdvhv :36 84: 84:

*? � 06781:: 05<9147 0639174

Qrwh= ROV w0ydoxhv duh fruuhfwhg iru khwhurvfhgdvwlflw| +Juhhqh/ 4<<6/ fk1 47

dqg 55, dqg wkh ghshqghqw ZWS yduldeoh lv phdvxuhg lq wkrxvdqg VHN1
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Wdeoh D4= H{rjhqrxv yduldeohv dqg gh�qlwlrqv1

Yduldeoh Gh�qlwlrq

VH[ Gxpp| yduldeoh iru vh{/ zlwk rqh iru ihpdoh uhvsrqghqwv1

DJH Wkh djh +lq |hduv, ri wkh uhvsrqghqw1

DJHVT Wkh vtxduhg djh ri wkh uhvsrqghqw1

HGXFDWLRQ Wkh hgxfdwlrq +lq |hduv, ri wkh uhvsrqghqw1

FKLOGUHQ Wkh qxpehu ri fkloguhq +4: |hduv rog ru |rxqjhu, lq wkh

uhvsrqghqw*v krxvhkrog1

UHVLGHQFH Gxpp| yduldeoh iru uhvlghqfh/ zlwk rqh iru wkh

frxqwlhv ri Vwrfnkrop/ Jùwheruj dqg Pdopù1

SRVWYLV Gxpp| yduldeoh zlwk ydoxh rqh li wkh uhvsrqghqw

kdg ylvlwhg Diulfd ehiruh uhfhlylqj wkh txhvwlrqqdluh1

SUHYLV Gxpp| yduldeoh zlwk wkh ydoxh rqh li wkh uhvsrqghqw

h{shfwv wr ylvlw Diulfd lq wkh qh{w whq |hduv1

PHPEHU Gxpp| yduldeoh zlwk ydoxh rqh li wkh uhvsrqghqw

vxevfulehv wr dq hqylurqphqwdo rujdqlvdwlrq1

LQFRPH Prqwko| wd{deoh krxvhkrog lqfrph +lq 4/333 VHN,1

LQFRPHVT Wkh vtxduhg lqfrph ri wkh uhvsrqghqw1

RXWGXP Gxpp| yduldeoh zlwk ydoxh rqh li wkh uhvsrqghqw sduwlflsdwhv

lq rxwgrru uhfuhdwlrqdo dfwlylwlhv pruh wkdq rqfh d zhhn1

LPSGXP Gxpp| yduldeoh zlwk ydoxh rqh li wkh uhvsrqghqw eholhyhv

wkh h{lvwhqfh ri wkh Diulfdq hohskdqw wr eh yhu| lpsruwdqw1

IXWGXP Gxpp| yduldeoh zlwk ydoxh rqh li wkh uhvsrqghqw suhihuv

wkh khug ri Diulfdq hohskdqwv wr lqfuhdvh lq wkh ixwxuh1

TE Gxpp| yduldeoh iru txhvwlrqqdluh E1

TF Gxpp| yduldeoh iru txhvwlrqqdluh F1

TG Gxpp| yduldeoh iru txhvwlrqqdluh G1
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Wdeoh E4= Uhvxow iurp wkh Wrelw prgho dqg wkh Fudjj prgho zlwk j|o ' j|1

Wrelw Fudjj

Yduldeoh Wrelw w0ydoxh Surelw w0ydoxh Wuxqfdwhg w0ydoxh

Frqvwdqw 314679 319:; 03156:; 03174< 317;58 41573

VH[ 3135;3 319<: 3139;: 31938 313784 31879

DJH 0313458 041776 31335: 31446 031389; 061557

DJHVT 313334 31866 0313335 031;;; 31337< 51688

HGXFDWLRQ 031334: 031577 031339: 03165; 313337 31357

FKLOGUHQ 0313347 03139; 313799 31:68 03135<8 0319:6

UHVLGHQFH 313644 31:69 313878 31784 313;:3 41357

SRVWYLV 31484; 419;: 313435 3136; 318833 619::

SUHYLV 31448< 5155; 314:;: 413;5 315;4: 613<:

PHPEHU 31346< 315;3 317:33 51<5< 031589: 05179:

LQFRPH 3134:3 61745 3137:6 61766 3135:7 51954

LQFRPHVT 0313335 05185< 0313339 051837 0313674 05138<

RXWGXP 3139;5 419:< 31384; 31786 315965 6144;

LPSGXP 3143<9 517:6 317:<8 713;< 0313674 031677

IXWGXP 31478; 616<< 315<3< 515:7 3169;3 716;9

TE 031334; 031366 313;34 31858 0313::6 031:4<

TF 0313:5: 0415<5 3133:: 3137< 0316649 0519;4

TG 313777 31;4: 313;5; 31876 3145:: 414<;

j| 317;:8 4814<< 317;:8 Il{

Fdvhv :36 :36 84:

*? � 07<6189 06781:: 0;7175

Qrwh= Wkh ghshqghqw ZWS yduldeoh lv phdvxuhg lq wkrxvdqg VHN1



Xvlqj Prgdo Shufhswlrqv wr Ghwhuplqh Zrun
Wuls Wudyho Prgh�

Pduld Yuhglq Mrkdqvvrq|

Devwudfw

Zh hvwlpdwh vwdqgdug dqg udqgrp sdudphwhuv orjlw prghov ri frp0

pxwhuv* prgdo fkrlfhv edvhg rq vwdwhg fkrlfh gdwd1 Wkh prghov uhodwh

wkh uhvsrqghqw*v fkrlfh wr wkh shufhlyhg wlph/ frvw/ vdihw|/ dqg hq0

ylurqphqwdo iulhqgolqhvv ru  h{lelolw| ri wkh dowhuqdwlyhv1 Iurp wkh

hvwlpdwhg prghov zh dvvhvv dwwulexwh ydoxhv iru wlph dqg vdihw|1 Iru

zrun wulsv/ wkh ydoxh ri wlph lv irxqg wr eh VHN 73 shu krxu1 D orzhu

erxqg iru wkh ydoxh ri vwdwlvwlfdo olih lq urdg wud!f lv hvwlpdwhg dw

VHN 716 ploolrq1

Nh| zrugv= Ydoxh ri Wlph/ Ydoxh ri Vwdwlvwlfdo Olih/ Udqgrp Sd0

udphwhuv Orjlw/ Vwdwhg Suhihuhqfh1

� L zrxog olnh wr wkdqn Shu Mrkdqvvrq iru jhqhurxv dqg frpshwhqw jxlgdqfh wkurxjk0

rxw wkh zrun rq wklv sdshu1 Wkh sdshu ehqh�whg pxfk iurp wkh frpphqwv dqg vxjjhvwlrqv

ri Wkrpdv Durqvvrq/ Mùujhq Khoovwuùp/ Oduv Kxownudqw} dqg Nduo0Jxvwdi Oùijuhq1 Ilqdq0

fldo vxssruw iurp Wkh Vzhglvk Urdg Dgplqlvwudwlrq lv judwhixoo| dfnqrzohgjhg1 Wkh xvxdo

glvfodlphu dssolhv1
| Ghsduwphqw ri Hfrqrplfv/ Xphè Xqlyhuvlw|/ VH0<34 ;: Xphè dqg WrV/ Gdoduqd

Xqlyhuvlw| Froohjh/ VH0:;4 ;; Xphè1 Hpdlo= pduld1yuhglqCgx1vh
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4 Lqwurgxfwlrq

Lq wkh hpslulfdo olwhudwxuh rq wudyho prgh fkrlfh/ prvw fkrlfh prghov xvh
remhfwlyh +dfwxdo, prgdo dwwulexwhv dqg lqglylgxdo fkdudfwhulvwlfv dv h{sodqd0
wru| yduldeohv +fi1 Dojhuv hw do1/ 4<<8,1 Qrqhwkhohvv/ ihz shrsoh uhmhfw wkh
wkrxjkw ri wudyho prgh fkrlfh dovr ghshqglqj rq kdughu0wr0phdvxuh/ txdolwd0
wlyh yduldeohv/ vxfk dv frpiruw dqg frqyhqlhqfh1 Lw kdv hyhq ehhq vxjjhvwhg
wkdw wkh fkrlfh ri wudyho prgh fdq ghshqg rq wkh shufhswlrqv4 dqg lpdjhv ri
wkh dowhuqdwlyhv1

Iru lqvwdqfh/ Nrsshopdq dqg Sdv +4<;3, dujxh wkdw/ dv prghov zlwk
rqo| ghprjudsklf dqg remhfwlyh dwwulexwh ohyhov rqo| surylgh d olplwhg xq0
ghuvwdqglqj ri wkh ehkdylrxudo surfhvvhv xqghuo|lqj fkrlfh/ lqfrusrudwlrq ri
shufhswlrqv dqg ihholqjv zrxog lpsuryh wkh xqghuvwdqglqj ri prgdo fkrlfhv1
Lqwhuhvwlqjo|/ Dgdprzlf} hw do1 +4<<:, kdyh lq d uhfhqw vwxg| lq wkh �hog ri
hqylurqphqwdo hfrqrplfv irxqg wkdw d prgho edvhg rq shufhswlrqv voljkwo|
rxwshuiruphg d prgho edvhg rq remhfwlyh dwwulexwh phdvxuhv1

Pruhryhu/ dv lw lv uhfrjqlvhg wkdw remhfwlyh lqirupdwlrq derxw d wudyho
prgh fdq eh txlwh gl�huhqw iurp wkh shufhswlrq ri wkh lqirupdwlrq +Olfkw0
hqvwhlq hw do1/ 4<:;> Ohh/ 4<;4> Vorylf hw do1/4<;4> Przhq/ 4<<3/ fk1 5,/ wkh
lghd wkdw remhfwlyho| phdvxuhg dwwulexwhv duh wkh rqo| lq xhqwldo yduldeohv lq
wudyho fkrlfh prghov lv rshq wr txhvwlrq1 Li shrsoh dfwxdoo| uhvsrqg wr zkdw
wkh| shufhlyh/ l1h1 pdnh fkrlfhv rq edvlv ri wkhlu shufhswlrqv/ wkh shufhswlrqv
derxw wkh prgdo dwwulexwhv duh wkh uhohydqw uhvsrqvh yduldeohv wr zklfk shr0
soh uhdfw/ qrw remhfwlyh dwwulexwh ohyhov1 Frqvhtxhqwo|/ uhfrqvlghudwlrq zkhq
lw frphv wr h{sodlqlqj wudyho fkrlfhv vhhpv erwk zduudqwhg dqg zhofrph1

Lq wklv sdshu/ zh xvh d pdlo vxuyh| wr phdvxuh wkh lqglylgxdo*v shufhswlrqv
ri �yh prgdo dwwulexwhv +wlph/ frvw/ vdihw|/ hqylurqphqwdo iulhqgolqhvv dqg
 h{lelolw|, dqg vhh krz wkhvh shufhswlrqv d�hfw prgdo fkrlfh iru zrun wulsv1
D gl�huhqfh ehwzhhq rxu vxuyh| dqg wudglwlrqdo rqhv/ lv wkdw zh gr qrw
dwwhpsw wr lqirup/ ru hgxfdwh/ shrsoh derxw/ iru lqvwdqfh/ wkh frvwv ru ulvnv ri
wudyhoolqj1 Lqvwhdg/ zh uhfrug wkh uhvsrqghqwv* shufhswlrqv derxw wkh prgdo
dwwulexwhv1

Wkh zrun lq wklv sdshu lv edvhg rq wkh sdudgljp ri lqglylgxdo fkrlfh eh0
kdylrxu ghslfwhg lq Iljxuh +4,1 Lq wkh �jxuh odwhqw yduldeohv duh ghslfwhg e|
rydov dqg revhuydeoh yduldeohv e| er{hv1 Ghflvlrq pdnhu fkdudfwhulvwlfv dqg

4Lq wklv sdshu/ shufhswlrq lv gh�qhg dv dq lqglylgxdo*v vxemhfwlyho| iruphg rslqlrqv

dqg lghdv derxw d vwlpxoxv ru d slhfh ri lqirupdwlrq1



Xvlqj Prgdo Shufhswlrqv wr Ghwhuplqh111 5

Iljxuh 4= Wkh Frqvxphu Ghflvlrq Surfhvv +dgdswhg iurp Prulndzd hw do1/
4<<3/ s1 6,1

dfwxdo dwwulexwhv ri dowhuqdwlyhv duh dvvxphg wr d�hfw wkh dwwlwxghv/ shufhs0
wlrqv dqg suhihuhqfhv ri wkh ghflvlrq pdnhu15 Wkhvh odwhqw yduldeohv 0 doo dv0
vxphg wr d�hfw fkrlfh 0 frqvwlwxwh wkh �eodfn er{� ri wkh frqvxphu1 Ehfdxvh
shufhswlrqv dqg dwwlwxghv duh dvvxphg wr d�hfw wkh lqglylgxdo*v suhihuhqfhv
dqg/ dv wkh suhihuhqfhv duh dvvxphg wr ghwhuplqh fkrlfh/ lw lv olnho| wkdw lq0
frusrudwlrq ri shufhswlrqv lq wudyho fkrlfh prghov zloo lpsuryh wkh prghov*
h{sodqdwru| srzhu1

Zkloh vwd|lqj zlwklq wkh wudglwlrqdo plfurhfrqrplf iudphzrun ri udwlr0
qdo xwlolw| pd{lplvhuv +zkhuh suhihuhqfhv duh h{suhvvhg e| xwlolw| ixqfwlrqv,/
zh hqulfk vwdqgdug dqg udqgrp sdudphwhuv orjlw fkrlfh prghov e| shufhs0
wlrqv gdwd1 Iurp wkh hvwlpdwhg prghov zh ghulyh ydoxhv ri wlph1 Zh dovr
pdnh d whqwdwlyh dwwhpsw wr phdvxuh wkh prqhwdu| ydoxh ri vdihw|1 Ehfdxvh
wkh Vzhglvk Qdwlrqdo Urdg Dgplqlvwudwlrq +VQUD, xvhv erwk d ydoxh ri
wlph vdylqjv dqg d ydoxh ri vdihw| +l1h1 ydoxh ri �vwdwlvwlfdo olih�, lq wkhlu
surmhfw hydoxdwlrqv lw lv ghvludeoh wr hvwlpdwh erwk ydoxhv lq wkh vdph prgho
+suhvhqwo| wkh VQUD xvhv ydoxhv ghulyhg lq vhsdudwh vwxglhv,1 Dv idu dv zh
nqrz/ wklv kdv qrw ehhq grqh lq Vzhghq ehiruh1 Ehfdxvh zh hvwlpdwh wkhvh

5Dwwlwxghv duh gh�qhg dv wkh ghflvlrq pdnhu*v vxemhfwlyh lpsruwdqfh ri wkh dwwulexwhv/

shufhswlrqv dv wkh ghflvlrq pdnhu*v shufhlyhg ydoxhv ri dwwulexwhv dqg suhihuhqfhv dv wkh

ghvludelolw| ri dowhuqdwlyhv1
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ydoxhv vlpxowdqhrxvo|/ zh duh deoh wr h{soruh zkhwkhu ydoxhv hvwlpdwhg lq
frqmxqfwlrq gl�hu iurp ydoxhv hvwlpdwhg lq lvrodwlrq1

Wklv sdshu kdv wkuhh remhfwlyhv=
+l, wr holflw lqglylgxdov* shufhswlrqv derxw wkh prgdo dwwulexwhv wlph/ frvw/
vdihw|/ hqylurqphqwdo iulhqgolqhvv dqg  h{lelolw|/
+ll, wr xvh wkhvh shufhswlrqv wr h{sodlq prgdo fkrlfh/ dqg
+lll, wr ghulyh prqhwdu| ydoxhv iru wlph dqg vdihw| lq wkh vdph prgho1

Wkh uhpdlqghu ri wkh sdshu lv rujdqlvhg dv iroorzv> wkh qh{w vhfwlrq gh0
vfulehv wkh gdwd froohfwlrq dqg wkh h{shulphqwdo ghvljq/ vhfwlrq wkuhh jlyhv
d wkhruhwlfdo iudphzrun iru vwdwhg suhihuhqfh glvfuhwh fkrlfh prghov/ vhfwlrq
irxu suhvhqwv wkh uhvxowv iurp wkh hpslulfdo hvwlpdwlrqv dqg/ �qdoo|/ vhfwlrq
�yh frqfoxghv dqg glvfxvvhv wkh uhvxowv1

5 Gdwd Froohfwlrq dqg H{shulphqwdo Ghvljq

514 Irfxvjurxs Lqwhuylhzv

Lq rughu wr jdlq lqirupdwlrq derxw zkdw wudyho prgh dwwulexwhv shrsoh frq0
vlghu zkhq pdnlqj prgdo ghflvlrqv/ irfxvjurxs lqwhuylhzv zhuh frqgxfwhg
dw Gdoduqd Xqlyhuvlw| Froohjh lq Qryhpehu 4<<:1 Dowrjhwkhu/ vhyhq shu0
vrqv zhuh lqwhuylhzhg dqg dqrwkhu irxu frqwdfwhg e| pdlo1 Wkh vdpsoh zdv
d frqyhqlhqfh vdpsoh frqvlvwlqj ri yroxqwhhuv hpsor|hg dw Gdoduqd Xqlyhu0
vlw| Froohjh16 Frqfoxvlrqv iurp wkh irfxvjurxs lqwhuylhzv zhuh wkdw wudyho
wlph/ wudyho frvw dqg  h{lelolw| ri wkh wudyho prgh zhuh wkh prvw lpsruwdqw
dwwulexwhv zkhq wudyhoolqj wr dqg iurp zrun1 Ohvv lpsruwdqw zhuh vdihw|
frqfhuqv dqg frqfhuq iru wkh prgh*v hqylurqphqwdo iulhqgolqhvv1 Zkhq pdn0
lqj krolgd| mrxuqh|v +erwk vxpphu dqg zlqwhu,/ vdihw|/ wrjhwkhu zlwk wudyho
frvw dqg wudyho wlph/ zhuh uhjdughg dv wkh prvw lpsruwdqw dwwulexwhv/ zkloh
 h{lelolw| ri wkh wudyho prgh kdg orzhu sulrulw|17

6Wkh grplqdwlqj wudyho prgh zdv dxwr/ dqg wkh phdq/ rqhzd|/ glvwdqfh zdv 49 np

+zlwk yduldwlrqv ehwzhhq 8 dqg 78 np,1
7Wkh lqwhuylhzhhv vsrqwdqhrxvo| ghvfulehg lpsruwdqw dwwulexwhv ehiruh ehlqj suhvhqwhg

zlwk dwwulexwhv wkdw d sulrul zhuh eholhyhg wr eh lpsruwdqw1 Vhyhudo dwwulexwhv zhuh

glvfxvvhg/ vxfk dv wkh lpsruwdqfh ri ehlqj deoh wr eh �dfwlyh� zkloh wudyhoolqj +zrun/ uhdg

hwf1, dqg wkh srvvlelolw| ri wudqvsruwlqj wklqjv1 Wkhvh dwwulexwhv zhuh uhjdughg lqihulru

wr wkh rqhv ghvfulehg deryh1
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515 Wkh Vxuyh|

Lq wkh vxevhtxhqw pdlo vxuyh|/ zh olplwhg rxu lqwhuhvw lq wudyho prgh fkrlfh
wr wkh vwxg| ri zrun wuls prgdo fkrlfhv1 Wkhuh zhuh vhyhudo uhdvrqv iru wklv
olplwdwlrq1 Iluvw/ zrun wulsv duh hdv| wr gh�qh iru prvw shrsoh1 Vhfrqg/ zrun
wulsv duh uhshdwhg mrxuqh|v iru zklfk wkh qrghv grhv qrw fkdqjh +xqohvv wkh
uhvsrqghqw kdv ydu|lqj sodfhv ri zrun,1 Wklug/ zrun wulsv duh iuhtxhqwo|
shuiruphg dqg shrsoh duh/ wkhuhiruh/ riwhq zhoo0lqiruphg derxw dowhuqdwlyh
prghv ri wudyhoolqj1 Frqvhtxhqwo| wkh lqglylgxdov* suhihuhqfhv iru gl�huhqw
wudyho prghv fdq eh dvvxphg wr eh idluo| zhoo nqrzq1 Ilqdoo|/ dffruglqj wr
Vwdwlvwlfv Vzhghq +VFE/ 4<<;, doprvw kdoi ri wkh wulsv lq 4<<: frqvlvwhg ri
wulsv wr dqg iurp zrun2vfkrro/ d idfw wkdw pdnhv zrun wulsv lpshudwlyh wr
vwxg|1

Lq wrwdo/ wkhuh zhuh 55 txhvwlrqv lq wkh txhvwlrqqdluh +vhh Dsshqgl{ D,1
Dsduw iurp vrflr0hfrqrplf txhvwlrqv dqg txhvwlrqv uhjduglqj wkh uhvsrq0
ghqw*v kdelwxdo prgh ri wudyhoolqj wr dqg iurp zrun +uhyhdohg suhihuhqfh
+US, lqirupdwlrq,/ wkh txhvwlrqqdluh frqwdlqhg d txhvwlrq wr holflw wkh uh0
vsrqghqw*v shufhswlrqv ri prgdo dwwulexwhv ri wzr gl�huhqw wudyho prghv +dxwr
dqg exv, dqg wzr vwdwhg suhihuhqfh +VS, fkrlfh txhvwlrqv zkhuh wkh uhvsrq0
ghqw zdv dvnhg wr fkrrvh wkh suhihuuhg ri wzr k|srwkhwlfdo wudyho prghv1
Hdfk wudyho prgh zdv ghvfulehg e| irxu dwwulexwhv +dovr fdoohg yduldeohv lq
wkh iroorzlqj,1

Hyhq wkrxjk wkh gdwd froohfwlrq fryhuhg US/ VS/ dwwulexwh shufhswlrqv
dqg vrflr0hfrqrplf gdwd iurp hdfk uhvsrqghqw/ zh hpsor|hg d pdlo vxuyh|1
Wkhuh zhuh wzr uhdvrqv iru grlqj wkdw1 Iluvw/ zh zdqwhg wr vhh zkhwkhu
wkh pdlo vxuyh| irupdw zdv d yldeoh rswlrq zkhq froohfwlqj lqirupdwlrq rq
shrsoh*v shufhswlrqv dqg/ vhfrqg/ zh kdg wr eh �qdqfldoo| frqvflrxv ehfdxvh
wkh vxuyh| zdv rqo| lqwhqghg dv d �uvw vwhs/ d slorw/ lq d vhtxhqfh ri vwxglhv1

Lq Ghfhpehu 4<<:/ wkh txhvwlrqqdluh zdv pdlohg wr 7;3 uhvlghqwv ri Eru0
oçqjh dqg Idox pxqlflsdolwlhv udqgrpo| vhohfwhg8 iurp wkh Vzhglvk R!fldo
Uhjlvwhu ri Shuvrqv dqg Dgguhvvhv +VSDU,19 Lq wkh ehjlqqlqj ri Mdqxdu|
4<<;/ d iroorz0xs uhplqghu zdv pdlohg wr wkh qrq0uhvsrqghqwv dw wkdw wlph1
Wkh ryhudoo uhvsrqvh udwh iurp wkh wzr pdlolqjv zdv 991; shufhqw1

8Ehfdxvh zh zdqwhg uhvsrqghqwv zkr/ zlwk d odujhu suredelolw| frpsduhg wr d frp0

sohwho| udqgrp vdpsoh/ zhuh zrunlqj/ wkh uhvsrqghqwv zhuh uhtxluhg wr eh djhg ehwzhhq

69 dqg 88 |hduv/ l1h1 wr eh eruq ehwzhhq 4<75 dqg 4<941
9Eruoçqjh dqg Idox pxqlflsdolwlhv duh vlwxdwhg dssur{lpdwho| 533 np qruwk0hdvw ri

Vwrfnkrop lq wkh Gdohfduold uhjlrq1
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Wdeoh 4= Yduldeohv ri wkh wzr vxevdpsohv1

Vxevdpsoh L Vxevdpsoh LL
Wudyho wlph +|, Wudyho wlph +|,
Wudyho frvw +S, Wudyho frvw +S,
Vdihw| +r, Vdihw| +r,
Hqylurqphqwdo iulhqgolqhvv +e, Ioh{lelolw| +s,
?U ' 2ef ?UU ' 2ef

51514 Dwwulexwhv

Edvhg rq wkh uhvxowv iurp wkh irfxvjurxs lqwhuylhzv zh fkrvh wr h{soruh wkh
vljql�fdqfh ri �yh gl�huhqw prgdo dwwulexwhv iru zrun wulsv= wlph/ frvw/ vdihw|/
hqylurqphqwdo iulhqgolqhvv/ dqg  h{lelolw|1

Dowkrxjk xqlpsruwdqw lq wkh irfxv jurxsv/ zh lqfoxghg vdihw| lq wkh vxu0
yh| iru wzr uhdvrqv= �uvw/ wkhuh lv hylghqfh +Qrodqg/ 4<<8, wkdw ghfuhdvhv lq
wkh shufhswlrqv ri d wudyho prgh*v vdihw| uhgxfhv wkh suredelolw| ri wkdw prgh
ehlqj fkrvhq dqg/ vhfrqg/ vdihw| lpsuryhphqwv duh wkh vhfrqg prvw lpsru0
wdqw ehqh�w +zlwk wlph vdylqjv dv wkh prvw lpsruwdqw, lq wkh frvw0ehqh�w
dqdo|vhv ri urdg lqyhvwphqw surmhfwv pdgh e| wkh VQUD dqg/ frqvhtxhqwo|/
ri frqvlghudeoh srolf| lqwhuhvw1

Wkh prgh*v hqylurqphqwdo iulhqgolqhvv lv dgghg ehfdxvh zh zlvk wr lghq0
wli| dqg lqfoxgh dv pdq| lq xhqwldo yduldeohv dv srvvleoh lq wkh fkrlfh h{shu0
lphqw1:

Ehfdxvh zh mxgjhg lw xqqhfhvvdu|/ dqg srwhqwldoo| wrr exughqvrph/ iru
wkh uhvsrqghqwv wr hydoxdwh �yh gl�huhqw dwwulexwhv/ zh vsolw wkh wrwdo vdp0
soh lq wzr vr wkdw hdfk vxevdpsoh frqvlvwhg ri 573 lqglylgxdov/ dqg ohw hdfk
vxevdpsoh hydoxdwh irxu gl�huhqw dwwulexwhv1 Wudyho wlph/ wudyho frvw dqg
vdihw| zhuh wkh wkuhh �edvh� dwwulexwhv xvhg lq erwk vxevdpsohv/ zkloh hqyl0
urqphqwdo iulhqgolqhvv dqg  h{lelolw| zhuh xvhg lqwhufkdqjhdeo|1 Lq wklv zd|
zh rewdlqhg dq �hqylurqphqwdo iulhqgolqhvv� vxevdpsoh +L, dqg d � h{lelolw|�
vxevdpsoh +LL,1 Wkxv/ wkh glvwlqjxlvklqj ihdwxuh ehwzhhq wkh wzr vxevdpsohv
lv wkhlu irxuwk yduldeoh +vhh Wdeoh 4,1

:Qdwxudoo|/ dv uhvhdufkhuv/ rxu lqglylgxdo shuvshfwlyhv lq xhqfh wkh dvvxpswlrqv uhjdug0

lqj zkdw dwwulexwhv duh dqg duh qrw lpsruwdqw1 Lqfoxvlrq ri hqylurqphqwdo iulhqgolqhvv lv

d vpdoo frqfhvvlrq wr rxu rzq zd| ri wklqnlqj1



Xvlqj Prgdo Shufhswlrqv wr Ghwhuplqh111 9

Wdeoh 5= Dowhuqdwlyhv dqg vljqv iru d 2e idfwruldo ghvljq1

Dowhuqdwlyh Dwwulexwhv
| S r es

4 0 0 0 0

5 . 0 0 0

6 0 . 0 0

7 . . 0 0

8 0 0 . 0

9 . 0 . 0

: 0 . . 0

; . . . 0

< 0 0 0 .

43 . 0 0 .

44 0 . 0 .

45 . . 0 .

46 0 0 . .

47 . 0 . .

48 0 . . .

49 . . . .

51515 Dwwulexwh Ohyhov

Doo yduldeohv duh ydulhg lq wzr ohyhov/ d kljk dqg d orz ohyho1 Lq wkh idfwruldo
ghvljq +Wdeoh 5, wkh kljk ohyho lv pdunhg e| d soxv +., vljq dqg wkh orz
ohyho e| d plqxv +0, vljq1 Iru wkh idfwruldo ghvljq/ zh frqvwuxfw d qhz/
duwl�fldo/ dwwulexwh/ es / zklfk v|perolvhv wkh hqylurqphqwdo iulhqgolqhvv +e,
dwwulexwh lq vxevdpsoh L dqg wkh  h{lelolw| +s, dwwulexwh lq vxevdpsoh LL1
Kdylqj irxu/ lqvwhdg ri �yh yduldeohv/ uhgxfhv wkh frpsoh{lw| ri wkh idfwruldo
ghvljq ehfdxvh wkh qxpehu ri dowhuqdwlyhv lv uhgxfhg iurp 2D wr 2e1 Lq Wdeoh
5/ wkh uhvxowlqj 49 gl�huhqw dowhuqdwlyhv fdq eh vhhq1

Wkh lqwulqvlf qdwxuhv ri wkh dwwulexwhv lq wklv vxuyh| gl�hu ehfdxvh wudyho
wlph dqg wudyho frvw duh txdqwlwdwlyh yduldeohv iru zklfk remhfwlyh +uhvhdufkhu
gh�qhg, ydoxhv duh frpprq/ zkloh vdihw|/ hqylurqphqwdo iulhqgolqhvv dqg  h{0
lelolw| duh/ pruh ru ohvv/ txdolwdwlyh yduldeohv zkhuh remhfwlyh ydoxhv duh udwkhu
xqfrpprq1 Iru wkh lqkhuhqwo| txdolwdwlyh yduldeohv rwkhu phdvxuhphqw vfdohv
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wkdq remhfwlyh ru dfwxdo pxvw eh xvhg1 Iru lqvwdqfh/ d phdvxuh ri wkh wudyho
prgh*v remhfwlyh ulvn +vdihw|, fdq eh gh�qhg dv wkh dfwxdo ulvn wkh lqglylg0
xdo idfhv gxulqj wkh vshfl�f wuls/ h{suhvvhg lq qxpehu ri dqqxdo idwdolwlhv1
Iru wkh prgh*v hqylurqphqwdo iulhqgolqhvv dq remhfwlyh phdvxuh zrxog eh wkh
dyhudjh hplvvlrqv shu sdvvhqjhu nlorphwhu +Ohqqhu/ 4<<6,1 Iru wkh prgh*v
 h{lelolw| lw lv kdughu wr frqfhlyh ri d jrrg remhfwlyh phdvxuh1 Srvvleoh vrox0
wlrqv duh wr xvh vrph nlqg ri txdolwdwlyh phdvxuh/ vxfk dv orz/ phglxp dqg
kljk/ ru/ wr hqgrjhqlvh wkh phdvxuhphqw e| gh�qlqj wkh suhydlolqj ohyho dv
wkh rqh iurp zklfk fkdqjhv duh pdgh1 Li zh zhuh wr xvh remhfwlyh ydoxhv rq
doo dwwulexwhv lq wkh VS vxuyh|/ wkh ydoxhv ri wkh txdolwdwlyh dwwulexwhv zrxog
kdyh wr eh lqyhqwhg dqg frppxqlfdwhg wr wkh uhvsrqghqwv1

Lq wklv vxuyh| zh flufxpyhqw wkh sureohp ri frqvwuxfwlqj remhfwlyh ydoxhv
iru wkh pruh txdolwdwlyh yduldeohv e| xvlqj wkh uhvsrqghqw*v shufhswlrqv ri
wkhvh yduldeohv1 Dv d pdwwhu ri idfw/ lq rughu wr vlpsoli| dqg pdnh wkh
txhvwlrqqdluh frqvlvwhqw/ zh xvh wkh uhvsrqghqw*v shufhswlrqv ri doo yduldeohv
0 hyhq iru wkrvh zlwk uhodwlyho| reylrxv remhfwlyh ydoxhv1;

Wr holflw wkh uhvsrqghqwv* shufhswlrqv ri prgdo dwwulexwhv/ zh sursrvh d
qhz dssurdfk/ lpsohphqwhg e| wkh irxu0vwhs surfhgxuh ghvfulehg ehorz1 Wr
wkh ehvw ri rxu nqrzohgjh/ wklv dssurdfk kdv qr suhylrxv dssolfdwlrqv1

Wkh �uvw vwhs lv wr xvh wkh qdphv ri wzr wudyho prghv/ dxwr dqg exv/ dv
ohyhov iru doo dwwulexwhv1 Wkxv/ dq dowhuqdwlyh frxog eh ghvfulehg dv kdylqj
wudyho wlph �olnh dxwr�/ wudyho frvw �olnh exv�/ vdihw| �olnh exv� dqg hqyl0
urqphqwdo iulhqgolqhvv ru  h{lelolw| �olnh dxwr�1 Frqvhtxhqwo|/ rqh ri wkh 49
dowhuqdwlyhv lq Wdeoh 5 ghvfulehv d wudyho prgh zlwk doo dwwulexwhv �olnh dxwr�
zkloh dqrwkhu kdv doo dwwulexwhv �olnh exv�1 Doo rwkhu dowhuqdwlyhv duh sxuh
k|srwkhwlfdo frqvwuxfwv1 Wr wkh ehvw ri rxu nqrzohgjh/ wklv �olnh�0dssurdfk
kdv rqo| ehhq xvhg rqfh ehiruh lq dq VS vxuyh|/ e| Orxylhuh dqg Mrkqvrq
+4<<4, zkr/ lq d pdunhwlqj vwxg|/ h{soruhg wkh uhwdlo lpdjhv ri gl�huhqw
vxshupdunhwv1<

Wkh vhfrqg vwhs lv wr ghflgh zkhwkhu dxwr +exv, uhsuhvhqwv wkh kljk ru
wkh orz ohyho ri wkh gl�huhqw dwwulexwhv1 Ilyh dvvxpswlrqv derxw wkh dwwulexwh

;Dq dgydqwdjh ri xvlqj shufhswlrqv lv wkdw zh gr qrw kdyh wr frqfhqwudwh rq d vshfl�f

w|sh ri wudyhoohu iru zkrp zh nqrz wkh prgdo dwwulexwh ohyhov ehiruhkdqg +lw zrxog eh

lpsrvvleoh wr frqvwuxfw uhdolvwlf dowhuqdwlyhv xqohvv zh kdg lqirupdwlrq derxw wkh uhvsrq0

ghqw*v dfwxdo wudyho prgh,1 E| xvlqj shufhswlrqv zh duh deoh wr vxuyh| uhvsrqghqwv zlwk

d pdlo txhvwlrqqdluh1
<Orxylhuh dqg Mrkqvrq +4<<4, xvhg dwwulexwh ohyhov lq wkh �olnh� irup +h1j1 �olnh N0

Pduw�, dqg phdvxuhg wkh shufhswlrqv ri wkh gl�huhqw vxshupdunhwv wkurxjk udwlqjv1
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Wdeoh 6= Ghvljqhg dwwulexwh ohyhov1

Dwwulexwh Kljk ohyho +., Orz ohyho +0,
Wudyho wlph +|, Exv Dxwr
Wudyho frvw +S, Dxwr Exv
Vdihw| +r, Exv Dxwr
Hqylurqp1 Iulhqgolqhvv +e, Exv Dxwr
Ioh{lelolw| +s, Dxwr Exv

ohyhov zhuh xvhg lq wkh h{shulphqwdo ghvljq +vhh Wdeoh 6,> +l, Jrlqj d vsh0
fl�f glvwdqfh e| dxwr lv qrupdoo| idvwhu wkdq jrlqj wkh vdph glvwdqfh e|
exv/ gxh wr wkh vwrsv wkh exv pdnhv 0 frqvhtxhqwo|/ wkh kljk ohyho ri wudyho
wlph zdv ghvljqdwhg exv dqg wkh orz ohyho dxwr/ +ll, Wkh wudyho frvw ri dxwr
zdv frqvlghuhg odujhu wkdq wkh htxlydohqw iru exv/ frqvlghulqj wkh dgglwlrqdo
frvwv ri ex|lqj dqg uxqqlqj dq dxwr/ uhqghulqj dxwr wkh kljk dqg exv wkh
orz ohyho/ +lll, Edvhg rq klvwrulfdo vwdwlvwlfv ri wud!f idwdolwlhv +VLND/ 4<<;>
Nrppxqlndwlrqvghsduwhphqwhw/ 4<<:,/ exv vdihw| zdv uhjdughg vxshulru wr
dxwr vdihw| dqg/ wkhuhiruh/ vdihw| rq exv lv kljk/ zkloh vdihw| lq dxwr lv orz/
+ly, Ehfdxvh wkh glvfkdujhv shu sdvvhqjhu nlorphwhu iurp exvhv duh orzhu
wkdq wkrvh iurp dxwrv +Ohqqhu/ 4<<6, wkh hqylurqphqwdo iulhqgolqhvv ri exv
lv dvvxphg wr eh kljkhu wkdq wkdw ri dxwr/ dqg +y, Zkhq dvvljqlqj d kljk
dqg d orz ohyho wr wkh +dgplwwhgo| dpeljxrxv, qrwlrq ri  h{lelolw|/ zh frq0
vlghuhg wkuhh glphqvlrqv ri wudyho prgh  h{lelolw|= ghsduwxuh wlphv/ zdonlqj
glvwdqfhv dqg iuhhgrp lq fkrlfh ri urxwh1 Ehfdxvh dxwrv/ lq dgglwlrq wr kdy0
lqj d juhdwhu iuhhgrp lq urxwh fkrlfh/ jhqhudoo|/ kdv pruh  h{leoh �ghsduwxuh
wlphv�/ dqg fdq riwhq eh sdunhg lq sur{lplw| ri wkh wudyho ghvwlqdwlrq/ zh
uhjdughg dxwr dv wkh pruh  h{leoh wudyho prgh1

Wkh lqglylgxdo*v suhihuhqfhv iru wkh dwwulexwhv duh dvvxphg wr eh prqr0
wrqh +lqfuhdvlqj ru ghfuhdvlqj,1 Li wkh uhvsrqghqwv shufhlyh wkh dwwulexwhv wkh
zd| zh gr/ orzhu wudyho frvw dqg wudyho wlph duh dozd|v suhihuuhg/ dv duh kljkhu
vdihw|/ hqylurqphqwdo iulhqgolqhvv dqg  h{lelolw|1 Ri frxuvh/ wkh uhvsrqghqwv
pd| shufhlyh wkh dwwulexwhv gl�huhqwo| ru pdnh gl�huhqw dvvxpswlrqv derxw
wkh dwwulexwh ohyhov143 Wklv vkrxog qrw eh d zhdnqhvv ri wkh ghvljq/ ehfdxvh

43Jèughu hw do1 +4<<7,/ iru h{dpsoh/ vkrz wkdw h{shuwv pd| mxgjh rq0vwuhhw elf|foh odqhv

dv ohvv vdih +frpsduhg zlwk qr odqhv dw doo, zkhuhdv wkh f|folvwv wkhpvhoyhv shufhlyh wkhp

dv ehlqj vdihu1
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wkh uhvsrqghqwv pdnh wkh fkrlfhv edvhg rq wkhlu rzq suhihuhqfhv/ qrw rq rxu
dvvxpswlrqv derxw wkhlu suhihuhqfhv1

Wkh wklug vwhs lv phdvxuhphqw1 Prvw ghvludeoh zrxog eh wr phdvxuh
prgdo shufhswlrqv rq d htxlglvwdqwo| judghg vfdoh zlwk dq devroxwh }hur/
d txrwlhqw vfdoh/ vr wkdw frpsdulvrqv frxog eh pdgh erwk zlwklq dqg eh0
wzhhq uhvsrqghqwv144 Wr rewdlq txrwlhqw gdwd/ zh dsso| d phwkrg ruljlqdw0
lqj lq phdvxuhphqw vfdohv iru frpsdudwlyh mxgjhphqwv lq sv|fkrsk|vlfv +fi1
Emùunpdq ) Hnpdq/ 4<8:,1 Lq wklv phwkrg wkh uhvsrqghqwv pdnh sdluzlvh
frpsdulvrqv ehwzhhq d vwlpxoxv +d zhljkw ru d vkdgh ri jud|/ iru h{dpsoh,
dqg d vwdqgdug1 Wkh uhvsrqghqw*v shufhswlrq ri wkh vwlpxoxv lv iuhtxhqwo|
h{suhvvhg dv d pxowlsoh ru d iudfwlrq ri wkh vwdqgdug/ vr wkdw/ iru lqvwdqfh/
wkh vwlpxoxv lv hlwkhu wzlfh ru kdoi ri wkh vwdqgdug1 Lq rxu vxuyh| zh ohw wkh
uhvsrqghqwv frpsduh exv +wkh vwlpxoxv, wr dxwr +wkh vwdqgdug,45 rq hyhu|
dwwulexwh dqg vwdwh wkh shufhlyhg gl�huhqfh ehwzhhq wkh wzr lq shufhqwdjhv1
Wkdw lv/ zkloh dxwr lv dvvxphg wr eh �433(� rq hdfk dwwulexwh/ wkh uhvsrq0
ghqwv duh dvnhg wr vwdwh krz/ frpsduhg wr dxwr/ wkh| shufhlyh wkh dwwulexwhv
ri exv +vhh txhvwlrq 4</ Dsshqgl{ D,1 Iru lqvwdqfh/ li d uhvsrqghqw shufhlyhv
wkh wudyho wlph ri exv wr eh wkuhh wlphv wkdw ri dxwr/ vkh uhvsrqgv �633(�
dqg/ li vkh shufhlyhv wkh frvw ri exv wr eh d wklug ri wkdw ri dxwr/ vkh uh0
vsrqgv �66(�1 Frqvhtxhqwo|/ wkh shufhswlrqv rewdlqhg duh hlwkhu pxowlsohv
ru iudfwlrqv ri wkh dxwr vwdqgdug1

Wkh irxuwk vwhs lv wr lqihu �uhdo� ydoxhv/ l1h1 ydoxhv lq plqxwhv dqg Vzhglvk
nurqru +VHN,46/ iurp wkh shufhqwdjh phdvxuhg shufhswlrqv ri wlph dqg frvw
e| xvlqj wkh US lqirupdwlrq surylghg e| wkh uhvsrqghqw1 Iru h{dpsoh/ li
wkh uhvsrqghqw wudyhov wr zrun e| dxwr/ wkh lqirupdwlrq derxw wkh dfwxdo
wlph dqg frvw e| dxwr fdq/ lq frqmxqfwlrq zlwk wkh shufhswlrqv ri wkh wlph
dqg frvw e| exv/ eh xvhg wr jlyh wkh �olnh dxwr� dqg wkh �olnh exv� ohyhov
uhdo ydoxh lqwhusuhwdwlrq1 D vlpsoh h{dpsoh= dvvxph wkdw wkh uhvsrqghqw
wudyhov wr zrun e| dxwr dqg wkdw lw wdnhv 43 plqxwhv dqg frvwv VHN 531

44Udqnlqj |lhogv gdwd zlwk lqglylgxdo0vshfl�f vfdoh xqlwv dqg ruljlqv +ruglqdo gdwd,/

zkhuhdv udwlqj |lhogv htxlglvwdqwo| phdvxuhg gdwd zlwk lqglylgxdo0vshfl�f ruljlqv +lqwhuydo

gdwd,1 Zkloh ruglqdo gdwd rqo| ghvfuleh wkh uhvsrqghqw*v suhihuhqfhv +h1j1 [4 ? [5 ?

[6 ? [7,/ lqwhuydo gdwd dovr ghvfuleh wkh pdjqlwxgh ri wkh gl�huhqfh lq suhihuhqfh +h1j1
[7�[5 @ 5+[5�[4,,1 Rqo| gdwd phdvxuhg rq d txrwlhqw vfdoh fdq h{suhvv wkh lqwhqvlw|

ri suhihuhqfhv +h1j1 [5 lv wzlfh dv jrrg dv [4/ [5 @ 5[4, +Emùunpdq ) Hnpdq/ 4<8:,1
45Wkh fkrlfh ri dxwr dv wkh vwdqgdug lv phuho| rqh ri frqyhqlhqfh/ exw ehfdxvh dxwr lv

wkh prvw iuhtxhqwo| xvhg wudyho prgh iru zrun wulsv +VFE/ 4<<;,/ zh eholhyh wkdw prvw

shrsoh �qg lw hdvlhu wr frpsduh exv wr dxwr wkdq wkh rwkhu zd| durxqg1
46XV' 4 lv dssur{lpdwho| htxdo wr VHN ;1
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Wkh vdph uhvsrqghqw shufhlyhv wkh wudyho wlph ri exv wr eh wzlfh wkdw ri
dxwr dqg uhvsrqgv �533(� wr wkh uhohydqw sduw ri txhvwlrq 4<1 Vlploduo|/
wkh wudyho frvw ri exv lv shufhlyhg wr eh kdoi wkdw ri dxwr dqg/ wkhuhiruh/ vkh
uhvsrqgv �83(� wr wkdw sduw ri wkh txhvwlrq1 Xvlqj wkh US lqirupdwlrq/ l1h1
|
@�|J

' �f dqg S
@�|J

' 2f/ zh fdq fdofxodwh wkh wudyho wlph ri exv +|
K�r
, wr

53 plqxwhv dqg wkh wudyho frvw +|
K�r
, wr VHN 43147 Frqvhtxhqwo|/ wudyho wlph

�olnh dxwr� htxdov 43 plqxwhv dqg wudyho wlph �olnh exv� htxdov 53 plqxwhv
lq wkh VS fkrlfh txhvwlrqv1 Dqdorjrxvo|/ uhdo ydoxhv fdq eh lqihuuhg iru wkh
frvw dwwulexwh1

Htxlydohqw wudqvirupdwlrqv iru wkh wlph dqg frvw yduldeohv fdq hdvlo| eh
shuiruphg iru uhvsrqghqwv zkr ulgh d exv wr zrun dqg/ lq idfw/ iru dq| uh0
vsrqghqw zkr kdv vwdwhg wkdw hlwkhu exv ru dxwr lv d ihdvleoh rswlrq1 Krzhyhu/
erwk wkh dfwxdo prgh*v wlph dqg frvw pxvw eh nqrzq ehfdxvh lw lv xqolnho|
wkdw wkh wudyho prgh lv d sduw ri wkh uhvsrqghqw*v fkrlfh vhw li wkh uhvsrqghqw
lv xqdzduh ri wkh prgh*v wlph dqg frvw1

Iru wkh yduldeohv/ vdihw|/ hqylurqphqwdo iulhqgolqhvv dqg  h{lelolw| vxfk
wudqvodwlrqv fdqqrw eh pdgh ehfdxvh zh kdyh qr US ydoxhv iru wkhvh yduldeohv1
Frqvhtxhqwo|/ erwk lqihuuhg uhdo ydoxhv dqg �sxuh� dwwulexwh shufhswlrqv duh
xvhg wr h{sodlq wkh VS fkrlfhv lq wkh hvwlpdwlrq1 Wkh pdlq dgydqwdjh ri
lqihuulqj uhdo ydoxhv iurp shufhswlrqv lv wkdw zh duh deoh wr fdofxodwh d ydoxh
ri wlph wkdw lv hdv| wr lqwhusuhw dqg frpsduh zlwk rwkhu ydoxhv ri wlph1

51516 H{shulphqwdo Ghvljq

Ehfdxvh wkh vxuyh| zdv shuiruphg dv d srvwdo txhvwlrqqdluh/ lw zdv lpsruwdqw
wr nhhs lw vkruw dqg vlpsoh wr rewdlq d kljk uhvsrqvh udwh1 Wkhuhiruh/ zh
uhvwulfwhg wkh vl}h ri wkh fkrlfh h{shulphqw/ zklfk lv d ixqfwlrq ri wkh qxpehu
ri dwwulexwhv wr eh ydulhg1 Zlwk ? ' �S zh frxog frqvwuxfw dv pdq| dv ?E?�
��*2 ' �2f gl�huhqw sdluhg frpsdulvrqv +ixoo idfwruldo,148 Dv qr uhvsrqghqw
frxog dujxdeo| eh uhtxluhg wr hydoxdwh 453 gl�huhqw sdluv/ zh kdg wr uhgxfh
wkh qxpehu ri frpsdulvrqv1 E| vhohfwlqj wkh vpdoohvw ruwkrjrqdo pdlq h�hfwv
sodq iurp wkh ixoo idfwruldo wkurxjk �eorfnlqj� +vhh Dsshqgl{ E,/ zh duh deoh
wr hvwlpdwh xqfrqirxqghg pdlq +dwwulexwh vshfl�f, h�hfwv1 Lq rxu vxuyh|/

47Jhqhudo irupxodv iru wkh fdofxodwlrqv duh= wexv @ wdxwr �

�
433

dqg fexv @ fdxwr �

#

433
>

zkhuh wexv lv wudyho wlph e| exv/ wdxwr wudyho wlph e| dxwr/ fexv wudyho frvw e| exv dqg

fdxwr wudyho frvw e| dxwr1 � dqg # duh wkh shufhswlrqv ri wudyho wlph dqg wudyho frvw ri exv

frpsduhg wr dxwr h{suhvvhg lq shufhqw1
48Zh gr qrw frpsduh dq dowhuqdwlyh zlwk lwvhoi ru frqvlghu wkh vhtxhqflqj ri dowhuqdwlyhv1
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Wdeoh 7= Uhvsrqvh udwhv ri wkh gl�huhqw vxevxevdpsohv1

Vxevdpsoh L Vxevdpsoh LL Wrwdo
Vxevxevdpsoh D E F G H I J K

Pdlq vdpsoh 93 93 93 93 93 93 93 93 7;3

Uhdo vdpsoh 8< 93 93 93 93 8< 8< 8< 7:9

Uhwxuqhg eodqn 4 3 3 4 3 4 3 3 6

Uhvsrqvhv 6: 6: 77 6< 76 6; 6: 76 64;

Uhvsrqvh udwh +(, 951: 941: :616 9813 :41: 9717 951: :51< 991;

Qrwh= Wkh uhdo vdpsoh lv wkh pdlq vdpsoh ohvv wkh txhvwlrqqdluhv wkdw zhuh

xqgholyhudeoh gxh wr xqnqrzq dgguhvvhv/ vhyhuh looqhvvhv ru orqjhu vwd|v deurdg1

wkh vpdoohvw ruwkrjrqdo pdlq h�hfwv ghvljq frqvlvwv ri hljkw sdluv1 Ehfdxvh
zh eholhyhg wkdw qr uhvsrqghqw frxog eh uhtxluhg wr shuirup pruh wkdq
wzr sdluhg frpsdulvrqv/ l1h1 wzr gl�huhqw fkrlfh txhvwlrqv/ wkh hljkw sdluv
zhuh glylghg lqwr irxu vhwv ri wzr sdluv hdfk1 Wklv sduwlfxodu h{shulphqwdo
ghvljq hqvxuhv xqfrqirxqghg pdlq h�hfwv/ exw frqirxqghg +zlwk wkh eorfnv,
lqwhudfwlrq h�hfwv1 Dffruglqj wr Edwvhoo dqg Orxylhuh +4<<4,/ lqwhudfwlrq
h�hfwv duh uduho| hvwlpdwhg lq fkrlfh prghov dqg/ xqohvv wkh uhvsrqghqwv lq
gl�huhqw eorfnv gl�hu ru ehkdyh gl�huhqwo|/ zh zloo qrw h{shfw eorfn h�hfwv1

Zlwk wzr sdluhg frpsdulvrqv lq hdfk txhvwlrqqdluh dqg d vxevdpsoh vl}h
ri 573/ zh jrw irxu �vxevxevdpsohv�/ frqvlvwlqj ri 93 lqglylgxdov hdfk +vhh
Wdeoh 7,1 Hdfk vdpsohg lqglylgxdo zdv udqgrpo| dvvljqhg d wuhdwphqw1

Ehfdxvh zh nhsw wkh grplqdwlqj dqg wkh grplqdwhg dowhuqdwlyhv lq wkh
h{shulphqw/ dqg dv wkh sdluv lq wkh sdluhg frpsdulvrqv duh irog0ryhu sdluv
+zklfk phdqv wkdw wkh| duh frpsohphqwdu| dv wkh vljqv ri wkh dwwulexwh ohyhov
ri wkh �uvw dowhuqdwlyh duh uhyhuvhg lq wkh vhfrqg/ vhh Er{ hw do1 +4<:;, dqg
Dsshqgl{ E,/ zh kdyh rqh txhvwlrqqdluh lq hdfk vxevdpsoh wkdw frqwdlqv d
fkrlfh txhvwlrq ri wkh ghvljqhg �ehvw� yhuvxv wkh �zruvw� dowhuqdwlyh149 Lq
vxevdpsoh L/ txhvwlrqqdluh E frqwdlqv wkh ghvljqhg ehvw0zruvw sdlu dqg lq
vxevdpsoh LL/ lw lv txhvwlrqqdluh I1 Li wkhvh ghvljqhg ehvw0zruvw txhvwlrqv/ lq

49Zkhq xvhg dv d frqvlvwhqf| fkhfn/ dssur{lpdwho| 55 shufhqw lq wkh hqylurqphqwdo

iulhqgolqhvv vxevdpsoh dqg derxw 6 shufhqw lq wkh  h{lelolw| vxevdpsoh fkrvh wkh zruvw

dowhuqdwlyh lq wkh ehvw0zruvw txhvwlrq1 Krzhyhu/ zkdw lv uljkw dqg zkdw lv zurqj lv edvhg

rq wkh lqglylgxdo*v shufhswlrqv ri wkh dwwulexwhv1 Wkhuhiruh/ zh fdq qrw frqfoxgh wkdw

wkhvh uhvsrqghqwv ehkdyhg lqfrqvlvwhqwo|1
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dq| zd|/ duh vlpsohu iru wkh uhvsrqghqw/ zh h{shfw juhdwhu uhvsrqvh udwhv iru
wkhvh txhvwlrqqdluhv1 Krzhyhu/ dv fdq eh vhhq lq Wdeoh 7/ wklv lv reylrxvo|
qrw wkh fdvh/ vlqfh E/ lq idfw/ kdv wkh orzhvw uhvsrqvh udwh lq vxevdpsoh L
dqg I kdv wkh vhfrqg orzhvw uhvsrqvh udwh lq vxevdpsoh LL1

Pruhryhu/ txhvwlrqqdluh E lq vxevdpsoh L dqg txhvwlrqqdluh J lq vxe0
vdpsoh LL frqwdlq h{lvwlqj dowhuqdwlyhv +l1h1 kdyh doo dwwulexwh ohyhov �olnh
exv� ru �olnh dxwr�,1 Dv J kdv wkh orzhvw uhvsrqvh udwh lq wkh  h{lelolw| vxe0
vdpsoh/ lw lv srvvleoh wkdw wkh uhvsrqghqwv zhuh r�hqghg e| wkh k|srwkhwlfdo
irupxodwlrq ri wkh VS fkrlfh txhvwlrqv1

6 Prghoolqj Fkrlfhv

Wkh ehkdylrudo dvvxpswlrq xqghuo|lqj wkh prgho iru wudyho prgh fkrlfh lq
wklv sdshu lv pd{lplvdwlrq ri lqglylgxdo xwlolw|/ l1h1 wkh lqglylgxdo zkr/ zlwk
fhuwdlqw|/ nqrzv wkh xwlolw| dvvrfldwhg zlwk hyhu| wudyho prgh/ fkrrvhv wkh
dowhuqdwlyh wkdw pd{lplvhv xwlolw|1 D suhuhtxlvlwh iru vxfk dq dvvxpswlrq
lv wkh h{lvwhqfh ri vwdeoh dqg zhoo nqrzq suhihuhqfhv1 Dowkrxjk wkh xwlolw|
prgho kdv olplwdwlrqv zkhq lw frphv wr ghvfulelqj wkh kxpdq ghflvlrq pdnlqj
surfhvv dv lw irfxvhv rq wkh �qdo fkrlfh +Ndkqhpdq ) Wyhuvn|/ 4<:<,/ lw
pdnhv hpslulfdo hvwlpdwlrq srvvleoh1 Wkhuhiruh/ lw sod|v d pdmru uroh lq
wudyho fkrlfh dqdo|vlv dv dq dssur{lpdwlrq wr uhdo kxpdq ghflvlrq pdnlqj1

Lq wudglwlrqdo plfurhfrqrplf xwlolw| pd{lplvdwlrq/ wkh lqglylgxdo*v xwlolw|
lv pd{lplvhg zlwk uhvshfw wr d exqgoh ri frqwlqxrxv jrrgv/ B/ vxemhfw wr d
exgjhw frqvwudlqw1 Lq d 4<99 sdshu/ Odqfdvwhu uhfrjqlvhg wkdw wkh sulpdu|
vrxufh ri xwlolw| lv wkh txdolwdwlyh dwwulexwhv +h1j1 frpiruw/  dyrxu/ vriwqhvv,
ri wkh jrrgv/ dqg qrw wkh jrrgv shu vh1 Frqvhtxhqwo|/ wkh lqglylgxdo*v fkrlfh
sureohp fdq eh ylhzhg rqh ri fkrrvlqj wkh dowhuqdwlyh zlwk wkh frpelqdwlrq
ri dwwulexwhv wkdw jlyhv wkh kljkhvw xwlolw|1

Wkhuh duh vhyhudo zd|v ri irupxodwlqj glvfuhwh prgh fkrlfh prghov/ hp0
skdvlvlqj gl�huhqw dvshfwv ri prgdo fkrlfh +fi1 Ehfnhu/ 4<98> GhVhusd/ 4<:4>
Wudlq dqg PfIdgghq/ 4<:;> Mdud0Gld} dqg Ylghod/ 4<;<,1 Rxu prgho lv
edvhg rq wkh idluo| jhqhudo glvdjjuhjdwh fkrlfh prgho e| Mdud0Gld} dqg Ylghod
+4<;<,14: Lq wklv prgho/ wlph lv wuhdwhg dv rqh dwwulexwh dprqj rwkhuv dv0
vxphg wr d�hfw prgdo fkrlfh1 Wkhuh lv qr h{solflw wlph frqvwudlqw dqg/ lq lwv
vlpsohvw irup +zklfk zh zloo hpsor|,/ lqfrph grhv qrw d�hfw fkrlfh1

4:Vhh dovr Mdud0Gld}/ 4<<;1
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D uhsuhvhqwdwlyh lqglylgxdo ? +vxssuhvvlqj lqgh{dwlrq, lv dvvxphg wr
fkrrvh erwk d glvfuhwh jrrg +d prgh, dqg frqwlqxrxv jrrgv wr pd{lplvh
xwlolw|=

4@ 
Bc�

L ' LEBc"�� +4,

vxemhfw wr
t ' ��Bn S� +5,

� 5 �

zkhuh � lv dg�� froxpq yhfwru ri rqhv/B ' d}�c }2c ���c }go lv dg�� froxpq
yhfwru ri frqvxphg frqwlqxrxv jrrgv/ S� lv wkh wudyho frvw ri prgh �/ t lv
lqfrph/ "� ' d^��c ^�2c ���c ^�-o lv d -� � froxpq yhfwru ri �txdolw|�dwwulexwhv
dvvrfldwhg zlwk wudyho prgh � +h{foxglqj frvw/ exw lqfoxglqj wlph, dqg � '
wkh vhw ri wudyho prghv1 Wkh xwlolw| ixqfwlrq lv dvvxphg wr eh wzlfh gli0
ihuhqwldeoh/ txdvlfrqfdyh dqg lqfuhdvlqj lq B� Htxdwlrq +5, lv wkh exgjhw
frqvwudlqw/ lq zklfk wkh wudyho frvw dqg lqfrph duh qrupdolvhg e| wkh sulfh
ri B1 Frqglwlrqdo rq wkh fkrlfh ri wudyho prgh �/ zh fdq ghulyh frqglwlrqdo
ghpdqgv iru }�& ' }�&Et �S�c"��1 Dvvrfldwhg zlwk wkh frqglwlrqdo ghpdqgv lv
d frqglwlrqdo lqgluhfw xwlolw| ixqfwlrq/ zklfk gh�qhv wkh pd{lpxp dwwdlqdeoh
xwlolw| ohyho/ frqglwlrqdo rq wkh fkrlfh ri wudyho prgh �/ T� ' T�Et � S�c"��1

Wkh wudyho prgh fkrvhq zloo eh wkh dowhuqdwlyh wkdw uhqghuv wkh kljkhvw
frqglwlrqdo lqgluhfw xwlolw|/ l1h1 prgh � lv fkrvhq li T� � T�( ;� 9' �1 Iurp
wkh frqglwlrqdo lqgluhfw xwlolw| ixqfwlrq lw iroorzv wkdw wkh pdujlqdo xwlolw| ri
lqfrph +>, lv=

> '
BT�

Bt

' �
BT�

BS�

�

Wkh ydoxh ri fkdudfwhulvwlf o lv htxdo wr wkh pdujlqdo udwh ri vxevwlwx0
wlrq ehwzhhq wkdw fkdudfwhulvwlf dqg wkh +qhjdwlyh ri wkh, pdujlqdo xwlolw| ri
lqfrph=

T ���o '
BT�*B^�o

BT�*BS�

�

Li dwwulexwh | iru prgh � htxdov wlph/ wkh ydoxh ri wlph ET �A�� lv jlyhq e|=

T �A� '
BT�*B^�|

BT�*BS�

�
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Krzhyhu/ zh hvwlpdwh d jhqhulf ydoxh ri wlph ehfdxvh rxu h{shulphqwdo gdwd
gr qrw frqvlvw ri vshfl�f prghv1

Zh dvvxph wkdw erwk wkh dwwulexwh yhfwru dvvrfldwhg zlwk wudyho prgh
� E"�� dqg wkh frqglwlrqdo lqgluhfw xwlolw| ixqfwlrq duh olqhdu lq dujxphqwv1
Pruhryhu/ zh dgg dq huuru whup/ 0�/ wr dffrxqw iru phdvxuhphqw huuruv1 Wkxv/
wkh frqglwlrqdo lqgluhfw xwlolw| ixqfwlrq htxdov=

T� ' k� n >Et � S�� n � �"� n 0�� +6,

Zkhq frpsdulqj T� dqg T� / rqo| yduldeohv wkdw ydu| ehwzhhq prghv d�hfw
fkrlfh1 Wkhuhiruh/ wkh uhohydqw sduw ri wkh frqglwlrqdo lqgluhfw ixqfwlrq lv/
3

T �/ d wuxqfdwhg frqglwlrqdo lqgluhfw xwlolw| ixqfwlrq/ zkhuh lqfrph lv qrw
lqfoxghg

3

T �' k� � >S� n � �"� n 0� ( ;� 5 ��

Lq wkh hvwlpdwlrq � '
k
�|c �rc �es

l
�

1 Li wkh uhvsrqghqw shufhlyhv wkh dw0
wulexwhv wkh zd| zh gr/ BT�*BS� lv h{shfwhg wr eh qhjdwlyh +vr wkdw wkh qhj0
dwlyh ri wklv sdudphwhu htxdov wkh pdujlqdo xwlolw| ri lqfrph, ehfdxvh wkhuh
lv glvxwlolw| iurp wudyho frvw1 E| dqdorjrxv uhdvrq/ wkh wlph sdudphwhu/ �|/
lv h{shfwhg wr eh qhjdwlyh1 Frqvhtxhqwo|/ wkh T �A lv d udwlr ehwzhhq wzr
qhjdwlyh qxpehuv dqg/ wkxv/ h{shfwhg wr eh srvlwlyh1 Doo rwkhu sdudphwhuv
lq wkh yhfwru � duh h{shfwhg wr eh srvlwlyh ehfdxvh xwlolw| lv dvvxphg wr
vwhp iurp lqfuhdvhv lq prgdo vdihw|/ hqylurqphqwdo iulhqgolqhvv dqg  h{lelo0
lw|1 Wkhuhiruh/ wkh pdujlqdo udwhv ri vxevwlwxwlrq ehwzhhq wkhvh dwwulexwhv
dqg frvw duh doo h{shfwhg wr eh qhjdwlyh1

Wkxv/ wkh prgho xvhg lq wkh hvwlpdwlrq lv d olqhdu/ dgglwlyh lq wkh sdudp0
hwhuv/ prgho1 Olqhdu dgglwlyh prghov duh frpshqvdwru| zklfk phdqv wkdw
wkh lqglylgxdo fdq wudgh0r� d orz ydoxh rq rqh dwwulexwh iru d kljk ydoxh
rq dqrwkhu dqg dfklhyh wkh vdph xwlolw|1 Vxfk prghov duh qrw dv uhvwulfwlyh
dqg vshfldolvhg dv wkh| pljkw vhhp dw �uvw/ ehfdxvh wkh yhfwru ri h{rjhqrxv
yduldeohv pd| frqwdlq wudqvirupdwlrqv ri wkh yduldeohv +h1j1 srzhu wudqv0
irupdwlrqv dqg lqwhudfwlrqv, +PfIdgghq/ 4<;4,1 Hpslulfdoo|/ frpshqvdwru|
fkrlfh prghov duh irxqg wr zrun zhoo lq vlpsoh fkrlfh wdvnv vxfk dv lq wkh
fkrlfh ehwzhhq wzr dowhuqdwlyhv +Sd|qh/ 4<:9,1
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7 Hvwlpdwlrq

714 Vwdqgdug Orjlw

Lq wkh VS fkrlfh h{shulphqw/ wkh uhvsrqghqw ?*v fkrlfh vhw E�� 0 zklfk lv wkh
vhw ri dowhuqdwlyhv dydlodeoh wr wkh uhvsrqghqw 0 frqvlvwv ri wzr dowhuqdwlyhv/
� dqg �� Wkh wzr dowhuqdwlyhv duh ghvfulehg e| wkh vdph dwwulexwhv/ exw wkh
dwwulexwh ohyhov gl�hu ehwzhhq wkh dowhuqdwlyhv/ dv ghvfulehg lq vhfwlrq 51515
deryh1 Wkh uhvsrqghqw lv dvnhg wr lqglfdwh zklfk ri wkh wzr dowhuqdwlyhv wkdw
vkh suhihuv/ l1h1 zklfk dowhuqdwlyh lv �fkrvhq�1

Wkh suredelolw| wkdw wkh lqglylgxdo +vxssuhvvlqj lqglylgxdo lqgh{dwlrq,
zloo fkrrvh dowhuqdwlyh � ryhu � lv vwdwhg dv =

�hE�� ' �hEL� : L�� ' �hET� n 0� : T� n 0�� ' �hE{0 : �{T �/

zkhuh {0 ' 0� � 0� dqg {T ' T� � T�� Wkh suredelolw| wkdw � zloo eh
fkrvhq ryhu � lv �hE�� ' �� �hE��1

Ixuwkhupruh/ ohw wkh ghshqghqw yduldeoh/ +? 5 ifc �j eh dq lqglfdwru ydul0
deoh wdnlqj xqlw ydoxh li dowhuqdwlyh � lv fkrvhq dqg }hur li dowhuqdwlyh � lv
fkrvhq1 Gl�huhqw dvvxpswlrqv derxw wkh glvwulexwlrq ri wkh udqgrp whupv 0�
dqg 0� ru derxw wkhlu gl�huhqfh/ {0/ ohdg wr gl�huhqw fkrlfh prghov1 Li {0

lv qrupdoo| glvwulexwhg/ zh kdyh d surelw prgho dqg li {0 lv orjlvwlfdoo| glv0
wulexwhg +wkh udqgrp whupv duh Jxpeho ru h{wuhph ydoxh w|sh L glvwulexwhg,
zh kdyh d orjlw prgho1 Iru pxowlqrpldo prghov/ wkh orjlw prgho lv jhqhudoo|
pruh frqyhqlhqw dqdo|wlfdoo| ehfdxvh lw kdv d forvhg irup/ exw iru elqdu|
prghov/ xqohvv wkhuh duh frpshoolqj uhdvrqv iru dvvxplqj rqh glvwulexwlrq ru
wkh rwkhu/ wkh fkrlfh ehwzhhq orjlw dqg surelw lv rqo| d pdwwhu ri suhihuhqfh1
Khuh/ zh dvvxph wkdw {0 lv orjlvwlfdoo| glvwulexwhg dqg hvwlpdwh d elqdu|
orjlw prgho1

Iru wkh uhsuhvhqwdwlyh lqglylgxdo/ ?/ wkh fkrlfh suredelolwlhv iru dowhuqd0
wlyhv � dqg � duh/ uhvshfwlyho|=

�h
?
E�� '�h

?
E+? ' f� '

�

� n i TE{T �
dqg

�h
?
E�� '�h

?
E+? ' �� '

�

� n i TE�{T �
�

Wkh orj0olnholkrrg ixqfwlrq lv zulwwhq=

*? � '
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Wdeoh 8= Hqylurqphqwdo iulhqgolqhvv vxevdpsoh +L,= Uhvxowv iurp vwdqgdug
orjlw hvwlpdwlrqv ri vwdwhg fkrlfhv1

Dwwulexwh Frh!flhqw Vw ghy w0ydoxh
Frqvwdqw 31396 31547 315<6
WLPHU 03136: 3133; 071:85
FRVWU 03135; 31343 051;37
VDIHW\U 31333 31334 315;<
HQY1 IULHQGO 31333 31333 4136:
? ::
Fkrlfhv pdgh 476
u-U 315::
*? � 0:4183
Qrwh= Wkh olnholkrrg udwlr lqgh{ +u-U,@40+*? �* *? �f,1
*? �f lv wkh orj0olnholkrrg zlwk rqo| d frqvwdqw whup1

Zh hvwlpdwh wkh hpslulfdo prgho=

{T ' k� � k� n >ES� � S�� n � �E"� �"�� n {01

Srrolqj wkh hqylurqphqwdo iulhqgolqhvv dqg wkh  h{lelolw| vxevdpsohv/ dqg
hvwlpdwlqj wkh frpelqhg prgho zlwk wkh xvh ri gxpp| yduldeohv iru wkh  h{0
lelolw| vxevdpsoh uhvxow lq uhmhfwlrq ri wkh qxoo k|srwkhvlv ri htxdo vxevdp0
sohv14; Wkhuhiruh/ wkh wzr vxevdpsohv duh wuhdwhg vhsdudwho|1

Wkh uhvxow iru wkh hqylurqphqwdo iulhqgolqhvv vxevdpsoh lv jlyhq lq Wdeoh
814< Iurp wkh wdeoh zh fdq vhh wkdw wkh wlph dqg frvw yduldeohv duh vljql�fdqw
dw wkh �yh shufhqw ohyho zlwk wkh h{shfwhg vljqv +l1h1 wkhuh lv glvxwlolw| iurp
vshqglqj wlph dqg prqh| rq zrun wulsv,1 Wkh vdihw| dqg hqylurqphqwdo
iulhqgolqhvv sdudphwhuv kdyh wkh h{shfwhg vljqv/ exw duh lqvljql�fdqw1 Wkh
vwdqgdug ghyldwlrq ri wkh hqylurqphqwdo iulhqgolqhvv sdudphwhu lv yhu| orz/
lqglfdwlqj d jrrg suhflvlrq ri wkh hvwlpdwh1 Qrqhwkhohvv/ wkh hqylurqphqwdo
iulhqgolqhvv sdudphwhu lv lqvljql�fdqw/ zklfk phdqv wkdw frqvlghudwlrqv derxw
wkh prgh*v hqylurqphqwdo lpsdfw duh/ lqghhg/ xqlpsruwdqw zkhq pdnlqj
prgdo ghflvlrqv iru zrun wulsv1 Wkh qxpehu ri fruuhfwo| suhglfwhg fkrlfhv lv
4491

4;OU0whvw vwdwlvwlf= 44135 zlwk "5 fulwlfdo ydoxh= <17<1
4<Wkh vwdqgdug orjlw hvwlpdwlrqv zhuh frqgxfwhg lq OLPGHS iru erwk vxevdpsohv1
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Wdeoh 9= Ioh{lelolw| vxevdpsoh +LL,= Uhvxowv iurp vwdqgdug orjlw hvwlpdwlrqv
ri vwdwhg fkrlfhv1

Dwwulexwh Frh!flhqw Vw ghy w0ydoxh
Frqvwdqw 31<;< 3154< 71839
WLPHUU 03137: 31343 0718;:
FRVWUU 03139< 3134; 061;<4
VDIHW\UU 31337 31335 41;<<
IOH[LELOLW\ 31334 31334 31;:6
? ;8
Fkrlfhv pdgh 47;
u-U 31565
*? � 0:413:
Qrwh= Wkh olnholkrrg udwlr lqgh{ +u-U,@40+*? �* *? �f,1
*? �f lv wkh orj0olnholkrrg zlwk rqo| d frqvwdqw whup1

Wdeoh 9 vkrzv wkh uhvxow iru wkh  h{lelolw| vxevdpsoh1 Khuh wkh wlph
dqg frvw yduldeohv duh vljql�fdqw dw wkh �yh shufhqw ohyho/ zlwk wkh h{shfwhg
vljqv1 Wkh vdihw| sdudphwhu lv vljql�fdqw dw wkh vl{ shufhqw ohyho zlwk wkh
h{shfwhg vljq1 Frqwudu| wr wkh lqglfdwlrqv iurp wkh irfxv jurxs lqwhuylhzv/
wkh  h{lelolw| sdudphwhu lv qrw vljql�fdqw/ exw kdv wkh h{shfwhg vljq1 Wkh
uhodwlyho| odujh yduldqfh ri wklv sdudphwhu lv olnho| wr eh d frqvhtxhqfh ri
wkh odfn ri vshfl�flw| lq wkh gh�qlwlrq ri wklv dwwulexwh1 Wkxv/ wkh  h{lelolw|
dwwulexwh vhhpv wr kdyh ehhq shufhlyhg yhu| gl�huhqwo| e| wkh uhvsrqghqwv1
Lq wklv prgho/ wkh qxpehu ri fruuhfwo| suhglfwhg fkrlfhv lv 4471

Jlyhq lq Wdeoh :/ duh wkh ydoxhv ri wlph iru wkh wzr vxevdpsohv/ fdofxodwhg
dv=

T �A '
BT*BWLPH
BT*BFRVW

'

2

�|

�
2

>

1 +7,

Ixuwkhupruh/ wkh ydoxh ri vdihw| iru wkh  h{lelolw| vxevdpsoh/ fdofxodwhg dv=

T ��rcUU '
BT*BVDIHW\UU

BT*BFRVWUU

'

2

�rcUU

�
2

>UU

lv dovr jlyhq lq Wdeoh :1 Wkh vwdqgdug huuruv duh fdofxodwhg xvlqj wkh Ghowd
phwkrg +fi1 Juhhqh/ fk1 43/ 4<<6,1
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Wdeoh := VS ydoxhv ri wlph dqg vdihw|/ vwdqgdug ghyldwlrqv dqg frq�ghqfh
lqwhuydo +FL,1

Ydoxh Vw ghy FL +<8(,
T �AU :<183 VHN2krxu 5<15< 5513< 0 4691<4
T �AUU 731;3 VHN2krxu ;1;8 56178 0 8;148
T ��UUcr 313: VHN2shufhqw 3136 3134 0 3146
Qrwh= Wkh devroxwh ydoxh ri T ��UUcr lv jlyhq1

Zh uhiudlq iurp fdofxodwlqj ydoxhv ri hqylurqphqwdo iulhqgolqhvv dqg  h{0
lelolw| ehfdxvh wkhvh yduldeohv zhuh doo lqvljql�fdqw1 Rq wkh vdph jurxqgv/
zh dovr uhiudlq iurp fdofxodwlqj wkh ydoxh ri vdihw| lq wkh hqylurqphqwdo
iulhqgolqhvv vxevdpsoh1

Wkh hvwlpdwhg ydoxhv ri wlph dqg vdihw| duh vljql�fdqw1 Wkh ydoxh ri wlph
lq wkh hqylurqphqwdo iulhqgolqhvv vxevdpsoh +L, lv doprvw wzlfh wkh ydoxh wlph
lq wkh  h{lelolw| vxevdpsoh +LL,1 Wkh gl�huhqfh lv qrw vljql�fdqw/ exw wkh
T �AUU kdv ehwwhu suhflvlrq wkdq wkh T �AU1 D srvvleoh h{sodqdwlrq iru wkh
orzhu ydoxh wlph lq wkh  h{lelolw| vxevdpsoh lv wkh vljql�fdqfh ri wkh ydoxh ri
vdihw|1 Wkdw lv/ zkhq wkh uhvsrqghqw frqvlghuv rqh pruh dwwulexwh/ wkh ydoxh
ri wlph pd| ghfuhdvh1

Lq wklv vxuyh|/ wkh ydoxh ri vdihw| lv ghulyhg iurp wkh uhvsrqghqwv* shufhs0
wlrqv ri dxwr dqg exv vdihw|1 Diwhu Mrqhv0Ohh +4<<3,/ lqglylgxdo ?*v pdujlqdo
udwh ri vxevwlwxwlrq ri zhdowk iru ulvn lv h{suhvvhg e| wkh udwlr `A�?r*B4/
zkhuh B4 lv wkh devroxwh fkdqjh lq ulvn ohyho dqg `A�?r gh�qhv wkh zloo0
lqjqhvv wr sd| iru d vdihw| lqfuhdvh htxdo wr B41 Wr looxvwudwh wkh lghd/ zh
surylgh dq h{dpsoh e| Mrqhv0Ohh +4<<3,= vxssrvh wkdw d jurxs ri 433/333
lqglylgxdov duh d�hfwhg e| d vdihw| lpsuryhphqw wkdw uhgxfhv wkh suredelolw|
ri ghdwk e| h{dfwo| 42433/333 iru hyhu| phpehu ri wkh jurxs lq d iruwkfrp0
lqj shulrg +h1j1/ d |hdu,1 Rq dyhudjh/ wkh lqglylgxdov duh zloolqj wr sd| % iru
wkh vdihw| lpsuryhphqw1 Wkhuhiruh/ wkh djjuhjdwhg ydoxh ri vwdwlvwlfdo olih
htxdov % � �ffc fff/ zklfk/ lq wxuq/ lv htxdo wr wkh phdq zloolqjqhvv wr sd|
ryhu wkh devroxwh ulvn uhgxfwlrq/ %*E�*�ffc fff�1 Khqfh/ li wkh ulvn uhgxfwlrq
htxdov rqh/ luuhvshfwlyh ri krz ulvn lv phdvxuhg +h1j1 B4 ' �*�ffc fff ru
B4 ' �*2Dc fff,/ wkh udwlr jlyhv wkh lqglylgxdo ydoxh ri dyrlglqj rqh vwdwlvwl0
fdo ghdwk/ l1h1 wkh ydoxh ri d vwdwlvwlfdo olih1 Lq d jurxs ri lqglylgxdov d�hfwhg
e| dq lqfuhdvh lq vdihw|/ wkh djjuhjdwhg ydoxh ri d vwdwlvwlfdo olih htxdov wkh



Xvlqj Prgdo Shufhswlrqv wr Ghwhuplqh111 4<

0 1 0 2 0 3 0 4 0

In it ia l  r is k  p e r  1 0 0 ,0 0 0

0

5 0

1 0 0

1 5 0

V
O

S
L

 i
n

 M
S

E
K

Y o ur  t e xt

Iljxuh 5= Ydoxh ri vwdwlvwlfdo olih +YRVO, dw gl�huhqw lqlwldo ulvnv

phdq ri wkhvh lqglylgxdo pdujlqdo udwhv ri vxevwlwxwlrq1 Li wkh lqglylgxdov di0
ihfwhg e| d ulvn uhgxfwlrq duh uhodwlyho| krprjhqrxv dqg wkh lqglylgxdo ulvn
uhgxfwlrqv duh vpdoo/ wkh ydoxh ri vwdwlvwlfdo olih lv lqghshqghqw ri wkh vl}h
ri wkh jurxs dqg wkh sdwwhuq ri lqglylgxdo ulvn uhgxfwlrqv1 Xqghu vxfk flu0
fxpvwdqfhv/ wkh wrwdo ydoxh ri vwdwlvwlfdo olih htxdov `A�r*B4 zkhuh `A�r

htxdov phdq zloolqjqhvv wr sd|1
Lq rxu vxuyh|/ wkh T ��UUcr iru hyhu| zrun wuls htxdov VHN 313: shu shu0

fhqwdjh uhgxfwlrq lq ulvn1 Jlyhq wkdw prvw shrsoh kdyh wzr zrun wulsv shu
gd| dqg/ rq dyhudjh/ 553 zrungd|v shu |hdu/ zh jhw dq dqqxdo ydoxh ri vdihw|/
d zloolqjqhvv wr sd| iru vdihw| +`A�r,/ htxdo wr VHN 63/;31

Ehfdxvh zh xvhg wkh uhvsrqghqwv* shufhswlrqv ri vdihw| zh duh xqdeoh
wr fdofxodwh d srlqw hvwlpdwh iru wkh ydoxh ri vwdwlvwlfdo olih153 Qrqhwkhohvv/
zh fdq jlyh d ixqfwlrq iru wkh ydoxh ri vwdwlvwlfdo olih dw gl�huhqw ohyhov ri
shufhlyhg ulvn1 Dvvxplqj gl�huhqw lqlwldo ohyhov ri ulvn iru zrun wulsv dqg
uhgxflqj wkh ulvn e| h{dfwo| �*�ffc fff jlyhv ulvh wr wkh ixqfwlrq lq Iljxuh +5,1
Iru h{dpsoh/ lq 4<<:/ wkh remhfwlyh ulvn iru ehlqj nloohg ru vhulrxvo| lqmxuhg lq
dq dxwr zdv dssur{lpdwho| 5< shu 433/333 ri wkh dyhudjh srsxodwlrq +VLND/

53Zh dvvxph/ hyhu|zkhuh phqwlrqhg/ wkdw wkh lqlwldo ulvn lv htxdo wr wkh ulvn ri ehlqj

nloohg lq urdg wud!f1 Wkhuhiruh/ wkh ydoxh ri vwdwlvwlfdo olih fdq eh fdofxodwhg iurp hyhu|

dvvxphg lqlwldo ulvn ohyho1 Krzhyhu/ li wkh uhvsrqghqwv shufhlyh wkh lqlwldo ulvn +vdihw|,

gl�huhqwo|/ vr wkdw/ iru lqvwdqfh/ wkh lqlwldo ulvn lv shufhlyhg dv wkh ulvn iru ehlqj nloohg ru

vhulrxvo| lqmxuhg lq wud!f/ dq xqdpeljxrxv ydoxh ri vwdwlvwlfdo olih fdq qrw eh fdofxodwhg1
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4<<;,1 Li wkh dyhudjh uhvsrqghqw shufhlyhv wklv ohyho ri ulvn dv wkh ulvn iru
ehlqj nloohg lq urdg wud!f/ wkh ydoxh ri vwdwlvwlfdo olih lv htxdo wr VHN 4319
ploolrq edvhg rq wkh dvvxpswlrqv deryh154 Vlploduo|/ wkh ulvn iru ehlqj nloohg
lq dxwr zdv 7 shu 433/333 ri wkh dyhudjh srsxodwlrq +VLND/ 4<<;,155 Li
wkh uhvsrqghqwv shufhlyh wklv ulvn ohyho/ wkh ydoxh ri vwdwlvwlfdo olih htxdov
VHN :: ploolrq1 Wkxv/ wkh fuxfldo dvvxpswlrq iru wkh ydoxh ri vwdwlvwlfdo
olih lv wkh dvvxpswlrq derxw wkh shufhlyhg lqlwldo ulvn1 D Vzhglvk frqwlqjhqw
ydoxdwlrq vxuyh| +Shuvvrq hw do1/ 4<<;, kdv irxqg wkh phdq shufhlyhg ulvn iru
ehlqj nloohg lq d wud!f dfflghqw gxulqj d |hdu wr eh .2*�ffc fff +phgldq=
e*�ffc fff,1 Hpsor|lqj wkhlu phdq ydoxh jlyhv d ydoxh ri vwdwlvwlfdo olih htxdo
wr VHN 716 ploolrq1 Wklv ydoxh frxog vhuyh dv d orzhu erxqg iru wkh ydoxh ri
vwdwlvwlfdo olih iru zrun wulsv1

715 Udqgrp Sdudphwhuv Orjlw

Wkh vwdqgdug orjlw prgho lv vlpsoh wr hvwlpdwh1 Krzhyhu/ lw lpsrvhv vhyhudo
uhvwulfwlrqv rq wkh frh!flhqwv ri wkh prgho +PfIdgghq/ 4<;4> Ehq0Dnlyd )
Ohupdq/ 4<;8,1 Iluvw/ wkh sdudphwhuv ri wkh h{sodqdwru| yduldeohv duh dv0
vxphg wr eh wkh vdph iru doo uhvsrqghqwv/ zklfk phdqv wkdw wzr lghqwlfdo
+zlwk uhvshfw wr wkh revhuyhg yduldeohv, uhvsrqghqwv pxvw kdyh wkh vdph
sdudphwhu ydoxhv +wdvwhv,1 Vhfrqg/ iroorzlqj iurp wkh dvvxpswlrq ri LLG
h{wuhph ydoxh huuru whup/ wkh orjlw prgho vx�huv iurp wkh lqghshqghqfh ri
luuhohydqw dowhuqdwlyhv +LLD,1 Zlwk LLD/ wkh orjlw prgho qhfhvvdulo| suhglfwv
wkdw d fkdqjh lq rqh dwwulexwh ri dq dowhuqdwlyh +ru wkh lqwurgxfwlrq ri d qhz
dowhuqdwlyh ru wkh holplqdwlrq ri dq h{lvwlqj dowhuqdwlyh, fkdqjhv wkh sured0
elolw| iru wkh rwkhu dowhuqdwlyhv sursruwlrqdwho|/ vr wkdw wkh udwlrv ri suredelo0
lwlhv uhpdlq xqfkdqjhg +Eurzqvwrqh ) Wudlq/ 4<<<,1 Lq pdq| flufxpvwdqfhv/
wklv lv dq xquhdolvwlf dvvxpswlrq/ uhvxowlqj lq lpsodxvleoh vxevwlwxwlrq sdw0
whuqv1 Wklug/ lq fdvhv zkhuh wkhuh duh uhshdwhg fkrlfhv/ hlwkhu ryhu wlph/ dv
lq uhyhdohg suhihuhqfh vlwxdwlrqv/ ru ryhu fkrlfhv/ dv lq vwdwhg suhihuhqfh vlwx0

54
Uhgxflqj wkh ulvn iurp 5< wr 5; lq d kxqguhg wkrxvdqg htxdov d ulvn uhgxfwlrq ri 6=78

shufhqw1 Iru doo zrun wulsv lq d |hdu zh kdyh= +�3=3: � �6=78 � 5 � 553, � +4@433> 333,�4

@ 43> 959> 333 ru/ pruh jhqhudoo|/ Y RVO @ Y RDv � �� � qwulsv � qgd|v � ���4/ zkhuh Y RVO

lv vkruw iru ydoxh ri vwdwlvwlfdo olih dqg �� lv wkh ulvn uhgxfwlrq h{suhvvhg lq shufhqw1
55Lq 4<<:/ 67; shuvrqv zhuh nloohg lq dxwr dfflghqwv +VLND/ 4<<;,1 Lw lv lpsruwdqw wr

uhphpehu wkdw wkhvh duh �sulpdu|� idwdolwlhv +shrsoh ehlqj nloohg zkhq wudyhoolqj e| fdu,/

zkhuhdv wkhuh duh dovr �vhfrqgdu|� idwdolwlhv +shrsoh qrw wudyhoolqj e| fdu zkr duh nloohg
e| d fdu,1
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dwlrqv/ wkh vwdqgdug orjlw prgho dvvxphv wkdw xqrevhuyhg yduldeohv d�hfwlqj
fkrlfh duh lqghshqghqw ryhu wlph dqg fkrlfhv vr wkdw wkhuh lv qr fruuhodwlrq
lq wkh xqrevhuyhg xwlolw| ryhu wlph dqg fkrlfhv1 Lq pdq| vhwwlqjv/ wklv lv dovr
dq xquhdolvwlf dvvxpswlrq1

Wr uhod{ wkh deryh uhvwulfwlrqv/ d ohvv uhvwulfwlyh prgho/ wkh �udqgrp sd0
udphwhuv� orjlw prgho56/ zdv hvwlpdwhg1 Wkh udqgrp sdudphwhuv orjlw prgho
lv d jhqhudolvdwlrq ri wkh vwdqgdug orjlw prgho/ zkhuh wkh sdudphwhuv ri wkh
dwwulexwhv duh doorzhg wr ydu| udqgrpo| ryhu uhvsrqghqwv1 Wkh udqgrp sd0
udphwhuv orjlw prgho grhv qrw h{klelw wkh LLD surshuw| dqg pd|/ wkhuhiruh/
uhsuhvhqw dq| vxevwlwxwlrq sdwwhuq +Wudlq/ 4<<;,1 Ixuwkhupruh/ lq wkh udq0
grp sdudphwhuv orjlw prgho wkh ghshqghqfh ri xqrevhuydeoh yduldeohv ryhu
fkrlfhv lv h{solflwo| prghoohg1 Iru lqvwdqfh/ wkh lqglylgxdo*v ydoxh ri wlph
+wkh udwlr ehwzhhq wkh wlph dqg frvw sdudphwhuv, pd| ghshqg rq wkh xqre0
vhuyhg yduldeoh �sdwlhqfh� zklfk pd| ydu| dprqj wkh uhvsrqghqwv +Krurzlw}/
4<;4,1

Odwho|/ udqgrp sdudphwhuv orjlw prghov kdyh ehhq dssolhg lq ydulrxv vhw0
wlqjv/ h1j1 lq uhfuhdwlrqdo ghpdqg prghov iru wkh fkrlfh ri �vklqj vlwh +Wudlq/
4<<;,/ lq frqvxpswlrq ghpdqg prghov iru krxvhkrogv* fkrlfh ri dssoldqfh hi0
�flhqf| ohyho +Uhyhow ) Wudlq/ 4<<;, dqg krxvhkrogv* fkrlfh ehwzhhq yhklfohv
zlwk gl�huhqw ixho w|shv +Eurzqvwrqh ) Wudlq/ 4<<<,/ dqg lq wudyho fkrlfh
prghov +Dojhuv hw do1/ 4<<;,1

Lq wkh udqgrp sdudphwhuv orjlw prgho/ wkh lqgluhfw xwlolw| ri dowhuqdwlyh
� dw fkrlfh vlwxdwlrq | iru lqglylgxdo ?/ lv vshfl�hg dv T?�| ' ��

?
 ?�| n 0?�|c

zkhuh  ?�| lv d yhfwru ri h{sodqdwru| yduldeohv dqg �
?
lv d yhfwru ri xqre0

vhuyhg frh!flhqwv wkdw ydulhv lq wkh srsxodwlrq1 Wkh glvwxuedqfh whup/ 0?�|/
lv vwloo dvvxphg wr eh LLG h{wuhph ydoxh glvwulexwhg1 Wklv vshfl�fdwlrq lv
dqdorjrxv wr wkh vwdqgdug orjlw vshfl�fdwlrq ri T� lq Htxdwlrq +6,/ h{fhsw iru
wkh frh!flhqw yhfwru �

?
zklfk ydulhv ryhu uhvsrqghqwv dqg wkh vxelqgh{d0

wlrq | zklfk dffrxqwv iru wkh gdwd*v sdqho fkdudfwhu +wkh uhshdwhg fkrlfhv,1
Iroorzlqj Wudlq +4<<;, wkh frh!flhqw yhfwru �

?
lv h{suhvvhg dv wkh vxp ri

wkh srsxodwlrq phdqv/ M/ dqg lqglylgxdo ghyldwlrqv/ �
?
/ zkhuh �

?
uhsuh0

vhqwv wkh uhvsrqghqw*v wdvwh uhodwlyh wr wkh srsxodwlrq*v1 Wkh xwlolw| pd| eh
uhh{suhvvhg dv=

T?�| ' M� ?�| n ��

?
 ?�| n 0?�|� +8,

Wkh whup ��

?
 ?�| n 0?�| lv xqrevhuyhg dqg/ dv wkh uhvhdufkhu fdqqrw vhsdudwh

wkh lqglylgxdo ghyldwlrq iurp wkh lqghshqghqw huuru whup/ wkh h{lvwhqfh ri

56Dovr nqrzq dv pl{hg orjlw/ udqgrp frh!flhqwv orjlw dqg huuru frpsrqhqwv orjlw1
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�
?
lqgxfhv khwhurvfhgdvwlflw| dqg fruuhodwlrq ryhu fkrlfhv1 Wkdw lv/ ehfdxvh

wkh uhvsrqghqw xvhv wkh vdph �wdvwhv� zkhq hydoxdwlqj fkrlfhv dqg/ dv wkh
uhvhdufkhu lv xqdeoh wr frpsohwho| revhuyh wkhvh wdvwhv/ wkhuh lv fruuhodwlrq
lq wkh xqrevhuyhg sduw ri wkh lqgluhfw xwlolw| ixqfwlrq1

Jhqhudoo|/ wkh xqrevhuyhg sdudphwhu yhfwru �
?
lv dvvxphg wr ydu| lq wkh

srsxodwlrq zlwk ghqvlw| sE�
?
m ��/ zkhuh � duh wkh wuxh sdudphwhuv ri wkh

glvwulexwlrq +iru lqvwdqfh/ wkh phdq dqg vwdqgdug ghyldwlrq,1 Rxu remhfwlyh lv
wr hvwlpdwh �/ wkh wuxh srsxodwlrq sdudphwhuv wkdw ghvfuleh wkh glvwulexwlrq
ri wkh lqglylgxdo sdudphwhuv1 Khuh/ zh dvvxph �? wr eh qrupdoo| glvwulexwhg/
�? � �EMcP�/ zklfk iroorzv iurp wkh dvvxpswlrq wkdw �? � �EfcP�/ zkhuh
P '_�@}E�R�1 Khuh/ R htxdov wkh h{sodqdwru| yduldeohv xvhg lq wkh vwdqgdug
orjlw prgho deryh1 Wkxv/ M dqg P duh wkh yhfwruv ri sdudphwhuv zh zlvk wr
hvwlpdwh1

Wkh iroorzlqj ghvfulswlrq ri hvwlpdwlrq e| pd{lplvdwlrq ri d vlpxodwhg
olnholkrrg lv odujho| dgdswhg iurp Wudlq +4<<;, dqg Uhyhow dqg Wudlq +4<<;,1

Vxssrvh zh nqhz �?1 Wkhq/ wkh frqglwlrqdo suredelolw| wkdw lqglylgxdo
? fkrrvhv dowhuqdwlyh � dw wlph | zrxog eh wkh vwdqgdug orjlw=

O?�|E�?� '
e
��

? ?�|S
� e

��

? ?�|
�

Krzhyhu/ zh gr qrw nqrz �?/ vr wkh xqfrqglwlrqdo suredelolw| lv wkh lqwhjudo
ri wkh frqglwlrqdo suredelolw| ryhu doo srvvleoh ydoxhv ri �? +zklfk ghshqgv
rq �c l1h1 M dqg P,=

G?�|E�� '
]
O?�|E�?�sE�? m ��_�?�

Dvvxplqj djdlq wkdw zh nqrz �?c zh wdnh wkh +zlwklq wkh vxuyh|, uhshdwhg
fkrlfhv lqwr frqvlghudwlrq dqg ghulyh wkh olnholkrrg iru dq lqglylgxdo*v vh0
txhqfh ri fkrlfhv1 Wkh suredelolw| ri lqglylgxdo ?*v vhtxhqfh ri fkrlfhv +frq0
glwlrqdo rq �?, lv wkh surgxfw ri vwdqgdug orjlwv=

V?E�?� '
2\

|'�

O?�|E�?��

Ehfdxvh zh gr qrw nqrz �?/ wkh xqfrqglwlrqdo suredelolw| iru wkh vhtxhqfh
ri fkrlfhv lv wkh lqwhjudo ri wkh frqglwlrqdo suredelolw| ryhu doo srvvleoh ydoxhv
ri �?=

S?E�� '
]
V?E�?�sE�? m ��_�?�
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Wkh orj0olnholkrrg ixqfwlrq lv OOE�� '
S

? *?S?E��� Vlqfh wkh lqwhjudo lq
S?E�� fdq qrw eh fdofxodwhg dqdo|wlfdoo| +lw kdv qr forvhg irup,/ zh ds0
sur{lpdwh wkh suredelolw| wkurxjk vlpxodwlrq dqg pd{lplvh wkh vlpxodwhg
orj0olnholkrrg ixqfwlrq1 Wkdw lv/ iru d jlyhq ydoxh ri � +M dqg P�/ lqglylgxdo
ydoxhv iru � duh gudzq iru hdfk lqglylgxdo1 Wkhvh �*v uhsuhvhqw wkh lqglylg0
xdo*v �wdvwhv�/ zklfk duh dvvxphg wr eh frqvwdqw ryhu wkh uhshdwhg fkrlfhv157

�? lv wuhdwhg dv �{hg iru lqglylgxdo ? dqg xvhg/ wrjhwkhu zlwk wkh gdwd/ wr
fdofxodwh V?E�?�/ l1h1 wkh surgxfw ri vwdqgdug orjlwv1 Wklv surfhvv lv uhshdwhg
iru pdq| ydoxhv iru �? +pdq| gudzv iurp wkh glvwulexwlrq ghvfulehg e| �,
dqg wkh dyhudjh ri wkh uhvxowlqj V?E�?� lv wdnhq dv wkh dssur{lpdwh fkrlfh
suredelolw|=

VS?E�� ' E�*-�
-[

o'�

V?E�
o��
? �

zkhuh- lv wkh qxpehu ri uhshwlwlrqv/ �o��
? ghqrwhv wkh o|� gudz iurp sE�? m ��

dqg VS?E�� lv wkh vlpxodwhg suredelolw| iru ?*v vhtxhqfh ri fkrlfhv1 Wkh vlp0
xodwhg orj0olnholkrrg ixqfwlrq htxdov VOOE�� '

S
? *?EVS?E���1 Lwhudwlrqv

shuiruphg zlwk wkh EIJV dojrulwkp |lhog qhz ydoxhv iru �c zklfk duh xvhg lq
qhz gudzv ri �?/ zklfk/ lq wxuq/ duh xvhg wr fdofxodwh qhz V?E�?�c VS?E��
dqg VOOE��1 Wkh surfhvv lv uhshdwhg xqwlo wkh EIJV dojrulwkp frqyhujhv1

Zh hvwlpdwh wkh sdudphwhuv M dqg P lq Htxdwlrq +8, e| pd{lplvdwlrq ri
d vlpxodwhg orj0olnholkrrg ixqfwlrq +PVO, zlwk - ' �c fff uhshwlwlrqv158 Doo
udqgrp sdudphwhuv orjlw prghov zhuh hvwlpdwhg zlwk whq gl�huhqw vwduwlqj
ydoxhv wr hqvxuh wkh �qglqj ri d joredo pd{lpxp159

Wr ehjlq zlwk/ wkh prvw reylrxv zd| wr lqwurgxfh lqglylgxdo khwhurjhqh0
lw| zrxog eh wr hvwlpdwh prghov zlwk udqgrp lqwhufhswv zkloh nhhslqj doo
rwkhu yduldeohv �{hg1 Krzhyhu/ frpsduhg wr wkh vwdqgdug orjlw prghov/ vxfk
prghov gr qrw lpsuryh wkh +vlpxodwhg, olnholkrrg ixqfwlrqv dqg duh uhmhfwhg
e| olnholkrrg udwlr whvwv +qrw uhsruwhg,1 Wkhuhiruh/ zh �{ wkh lqwhufhsw whupv
ri erwk prghov/ dqg ohw/ lqvwhdg/ wkh h{sodqdwru| yduldeohv eh udqgrp15: Iru

57
Prgl�fdwlrq frxog eh grqh vr wkdw wkh uhvsrqghqw*v wdvwhv ydu| ryhu wlph +Wudlq/

4<<;,1 Krzhyhu/ lq rxu fdvh zh dvvxph wkdw wkh wlph hodsvhg ehwzhhq wkh frqvhfxwlyh
fkrlfhv lv wrr vpdoo wr vljql�fdqwo| d�hfw wkh uhvsrqghqw*v wdvwhv1

58Wkh hvwlpdwlrqv zdv frqgxfwhg lq d JDXVV surjudp zulwwhq e| Nhqqhwk Wudlq/ Gdylg
Uhyhow dqg Sdxo Uxxg1 Wkh surjudp lv dydlodeoh dw kwws=22hovd1Ehunhoh|1HGX2 �wudlq2

59Dv vwduwlqj ydoxhv zh xvh e @
a

� .�> zkhuh
a

� lv d s�4 yhfwru ri vwdqgdug orjlw hvwlpdwhv
dqg � �Q+3>3=4,1 Iru 	> zh xvh gudzv iurp wkh glvwulexwlrq 	 �Xqlirup^3> 4`1

5:Doorzlqj doo frh!flhqwv wr ydu| uhvxowv lq lghqwl�fdwlrq sureohpv +Uhyhow ) Wudlq/
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wkh  h{lelolw| vxevdpsoh/ wklv prgho lv uhmhfwhg e| d olnholkrrg udwlr whvw +oq �

@ 09<1;7, exw/ iru wkh hqylurqphqwdo iulhqgolqhvv vxevdpsoh/ zh fdqqrw uhmhfw
wklv prgho +oq � @ 0941:;,1

Wkh uhvxowv iurp wkh hqylurqphqwdo iulhqgolqhvv hvwlpdwlrq duh uhsruwhg
lq Wdeoh ;1 Wkh phdq ri wkh wlph yduldeoh lv vljql�fdqw dw wkh �yh shufhqw
ohyho dqg wkh phdq dqg vwdqgdug ghyldwlrq ri frvw duh vljql�fdqw dw wkh whq
shufhqw ohyho1 Wkxv/ wkhuh duh vljql�fdqw yduldwlrqv lq wkh frvw sdudphwhu
dprqj wkh uhvsrqghqwv lq wklv vxevdpsoh1 Wkh srlqw hvwlpdwh ri wkh wlph
frh!flhqw lpsolhv wkdw vl{ shufhqw ri wkh uhvsrqghqwv kdyh d srvlwlyh wlph
sdudphwhu/ zkloh wkh srlqw hvwlpdwh ri wkh frvw frh!flhqw lpsolhv wkdw derxw
49 shufhqw kdyh d srvlwlyh frvw sdudphwhu1 Zkloh lw vhhpv sodxvleoh wkdw d ihz
uhvsrqghqwv pd| hqmr| wkh wlph wudyhoolqj wr zrun/ lw vhhpv ohvv sodxvleoh wkdw
vrph uhvsrqghqwv hqmr| kdylqj pruh h{shqvlyh zrun wulsv1 Dq h{sodqdwlrq
iru wklv xqh{shfwhg ydoxh/ dovr irxqg e| Dojhuv hw do1 +4<<;,/ pd| eh vrph
uhvsrqghqwv* holjlelolw| wr wd{ ghgxfwlrqv iru zrun wulsv1

Frpsdulqj wkh udqgrp sdudphwhuv orjlw sdudphwhu hvwlpdwhv zlwk wkrvh
iurp wkh vwdqgdug orjlw/ zh vhh wkdw wkh hvwlpdwhg sdudphwhuv duh odujhu lq
devroxwh pdjqlwxgh lq wkh udqgrp sdudphwhuv orjlw1 Ehfdxvh wkh yduldqfh
ri wkh LLG huuru whup lv juhdwhu lq wkh vwdqgdug orjlw wkdq lq wkh udqgrp
sdudphwhuv orjlw dqg/ dv wkh vfdoh ri xwlolw| lv ghwhuplqhg e| wkh qrupdolvdwlrq
ri wkh huuru whup/ wklv lv zkdw lv wr eh h{shfwhg +Eurzqvwrqh ) Wudlq/ 4<<<,1

Wkh srlqw hvwlpdwh ri T �AU +xvlqj
2

Kwlph *

2

Kfrvw, lv qrz VHN 7416: shu
krxu1 Wkxv/ lw lv orzhu wkdq wkh htxlydohqw iurp wkh vwdqgdug orjlw prgho1
Orzhu ydoxh ri wlph/ zkhq hpsor|lqj d udqgrp sdudphwhuv orjlw prgho zlwk
qrupdo sdudphwhuv/ kdv dovr ehhq irxqg e| Dojhuv hw do1 +4<<;,1 Ehfdxvh hdfk
uhvsrqghqw qrz kdv dq �rzq� ydoxh ri wlph 0 zklfk lv wkh udwlr ehwzhhq wzr
qrupdoo| glvwulexwhg yduldeohv 0 wkh fruuhfw phdq ydoxh ri wlph zrxog eh jlyhq
e| lqwhjudwlqj ryhu wklv glvwulexwlrq1 Krzhyhu/ wklv frqvlghudeo| frpsolfdwhv
wkh fdofxodwlrq dqg dovr ohdgv wr vrph lqglylgxdov kdylqj lpsodxvleoh ydoxhv ri
wlph dv wkh qrupdo glvwulexwlrq doorzv erwk qhjdwlyh dqg srvlwlyh lqglylgxdo
frh!flhqwv1

Rqh pd| dvvxph orjqrupdo glvwulexwlrqv iru wkh wlph dqg frvw sdudp0
hwhuv dqg/ wkhuhe|/ pdnh vxuh wkdw wkhvh yduldeohv jhw srvlwlyh lqglylgxdo
sdudphwhu ydoxhv +zkhq hvwlpdwhg rq wkh qhjdwlyh ri uhvshfwlyh yduldeoh,1
Krzhyhu/ iru rxu gdwdvhw/ wklv prgho idlohg wr frqyhujh1 Frqyhujhqfh idloxuhv
lq hvwlpdwlrqv zlwk orjqrupdoo| glvwulexwhg yduldeohv duh dovr uhfrjqlvhg e|

4<<;,1
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Wdeoh ;= Hqylurqphqwdo iulhqgolqhvv vxevdpsoh +L,= Uhvxowv iurp udqgrp
sdudphwhuv orjlw hvwlpdwlrqv ri vwdwhg fkrlfhv1

Dwwulexwh Frh!flhqw Vw ghy w0ydoxh
Frqvwdqw 3144< 31759 315;3
Phdq ri wlph 031464 31395 05143:
Vw ghy ri wlph 313;9 31395 416;5
Phdq ri frvw 0314<3 31446 0419;3
Vw ghy ri frvw 314<4 31444 41:48
Phdq ri vdihw| 31337 31338 31<87
Vw ghy ri vdihw| 3133: 3133< 31::6
Phdq ri hqy1iulhqgo1 31334 31335 31:<6
Vw ghy ri hqy1iulhqgo1 31333 31335 314:9
q ::
Fkrlfhv pdgh 476
7u-U 316:9
*? � +vlpxodwhg, 0941:;
Qrwh= Wkh vlpxodwhg olnholkrrg udwlr lqgh{ +7u-U,@40+*? �r* *? �f,1
*? �f lv wkh orj0olnholkrrg zlwk rqo| d frqvwdqw whup1

Dojhuv hw do1 +4<<;, dqg Eurzqvwrqh dqg Wudlq +4<<<,1

8 Glvfxvvlrq dqg Frqfoxvlrqv

Edvhg rq d vwdwhg fkrlfh h{shulphqw/ zh hvwlpdwh vwdqgdug dqg udqgrp
sdudphwhuv orjlw prghov ri frppxwhuv* fkrlfh ri wudyho prgh1 Wkh fkrlfhv duh
h{sodlqhg e| wkh lqglylgxdo*v shufhswlrqv ri �yh prgdo dwwulexwhv> wlph/ frvw/
vdihw|/ hqylurqphqwdo iulhqgolqhvv dqg  h{lelolw|1 Ghshqglqj rq wkh dwwulexwhv
hydoxdwhg e| wkh uhvsrqghqw/ wkh vdpsoh zdv glylghg lqwr dq hqylurqphqwdo
iulhqgolqhvv dqg d  h{lelolw| vxevdpsoh1 Wkh uhvsrqghqwv* suhihuhqfhv zhuh
holflwhg e| d qryho phwkrg lq zklfk wkh qdphv ri wzr prghv +dxwr dqg
exv, zhuh xvhg dv dwwulexwh ohyhov lqvwhdg ri remhfwlyh ohyhov1 Edvhg rq wkh
uhvsrqghqwv* uhyhdohg suhihuhqfhv/ zh lqihu �shufhswlrqv0edvhg� uhdo ydoxhv
iru wkh wlph dqg frvw dwwulexwhv1 Lq wkh dqdo|vlv wkh lqihuuhg ydoxhv duh xvhg
wrjhwkhu zlwk wkh shufhswlrqv ri wkh rwkhu dwwulexwhv1 Iurp wkh hvwlpdwhg
prgho zh ghulyh d ydoxh ri wlph iru zrun wulsv dqg d prqhwdu| ydoxh iru vdihw|
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lpsuryhphqwv +ydoxh ri vwdwlvwlfdo olih,1 Wlph vdylqjv dqg vdyhg vwdwlvwlfdo
olyhv duh wkh pdmru ehqh�wv lq surmhfw hydoxdwlrqv ri wkh Vzhglvk Qdwlrqdo
Urdg Dgplqlvwudwlrq +VQUD,1 Zkhuhdv wkh VQUD xvhv ydoxhv ghulyhg iurp
vhsdudwh vwxglhv/ zh hvwlpdwh wkhp lq wkh vdph prgho1

Dowkrxjk wkh vxuyh| ruljlqdoo| zdv lqwhqghg wr vhuyh dv d slorw vxuyh|/ lw
surgxfhg vhyhudo lqwhuhvwlqj �qglqjv1 Ryhudoo/ wudyho wlph dqg wudyho frvw duh
irxqg wr eh wkh prvw lpsruwdqw dwwulexwhv iru zrun wuls prgdo fkrlfh/ zkloh
vdihw| kdv d qrq0qhjoljleoh lq xhqfh lq wkh  h{lelolw| vxevdpsoh1 Zkhuhdv d
prgho vshfl�fdwlrq zlwk qrupdoo| glvwulexwhg sdudphwhuv +wkh udqgrp sd0
udphwhuv orjlw, lpsuryhg prgho �w iru wkh hqylurqphqwdo iulhqgolqhvv vxevdp0
soh/ wkh vwdqgdug orjlw prgho zlwk �{hg sdudphwhuv frxog qrw eh uhmhfwhg iru
wkh  h{lelolw| vxevdpsoh1 Iru erwk vxevdpsohv/ wkh prghov zlwk wkh ehvw �w
+kljkhvw orjolnholkrrgv, uhvxowhg lq ydoxhv ri wlph derxw VHN 73 shu krxu1 Lq
d qdwlrqdo vxuyh| iurp 4<<7 +Dojhuv hw do1/ 4<<8,/ wkh ydoxh ri wlph iru zrun
wulsv zdv irxqg wr eh VHN 67 0 87 shu krxu iru exv/ dxwr dqg wudlq1 Dgmxvwhg
iru sulfh fkdqjhv/ wkhvh �jxuhv duh VHN 68 0 89 +4<<: sulfhv,/ zklfk hqfrp0
sdvvhv rxu hvwlpdwh/ hyhq wkrxjk d gluhfw frpsdulvrq lv huurqhrxv ehfdxvh
wkh gl�huhqw ydoxhv ri wlph duh hvwlpdwhg rq gl�huhqw wudyho prghv1 Wkxv/ lq
d �whvw0uhwhvw� vhqvh/ wkh srlqw hvwlpdwhv ri wkh ydoxh ri wlph lq rxu vxuyh|
duh uholdeoh1 Dowkrxjk rxu shufhswlrqv gdwd gr qrw gudpdwlfdoo| fkdqjh/ ru
lpsuryh/ wkh ydoxh ri wlph hvwlpdwh/ rxu hvwlpdwlrqv suryh wkdw shufhswlrqv
gdwd/ dw ohdvw/ duh qr ohvv xvhixo wkdq remhfwlyh gdwd iru h{sodlqlqj wudyho
prgh fkrlfhv1 Ixuwkhupruh/ wkh uhyhdohg suhihuhqfh lqirupdwlrq jdwkhuhg
zdv xvhg wr hvwlpdwh d uhyhdohg suhihuhqfh ydoxh ri wlph +T �A

-� ,1 Lq d
pxowlqrpldo orjlw prgho iru wkh fkrlfh ehwzhhq zdon/ elnh/ exv dqg dxwr/ wkh
srlqw hvwlpdwh iru wkh T �A

-� zdv irxqg wr eh VHN ;: +zlwk vwdqgdug gh0
yldwlrq 86,1 Wkh odujh vwdqgdug ghyldwlrq phdqv wkdw wkh srlqw hvwlpdwh kdv
orz suhflvlrq1 Frqvhtxhqwo|/ d <8 shufhqw frq�ghqfh lqwhuydo hqfrpsdvvhv
erwk }hur dqg wkh fruuhvsrqglqj/ qduurzhu/ frq�ghqfh lqwhuydo iru wkh vwdwhg
suhihuhqfh ydoxh ri wlph1 Lq 4<<</ wkh ydoxh ri wlph uhfrpphqghg wr wkh
Vzhglvk Qdwlrqdo Urdg Dgplqlvwudwlrq +VQUD, iru frvw0ehqh�w fdofxodwlrqv
lv VHN 68 shu krxu iru uhjlrqdo +	 Df np, wulsv +VLND/ 4<<<,1

Lq wklv vxuyh| wkh zrun wuls ydoxh ri vwdwlvwlfdo olih lq urdg wud!f ghshqgv
rq wkh shufhlyhg lqlwldo ulvn1 Zh �qg d orzhu erxqg iru wkh ydoxh ri vwdwlvwlfdo
olih htxdo wr VHN 716 ploolrq/ edvhg rq d shufhlyhg lqlwldo ulvn ri .2*�ffc fff1
Dv lv uhfrjqlvhg lq sv|fkrorjlfdo uhvhdufk/ shrsoh whqg wr xqghuhvwlpdwh wkh
ulvnv ri zhoo nqrzq/ yroxqwdu|/ orz suredelolw| hyhqwv +Olfkwhqvwhlq hw do1/
4<:;,1 Ehfdxvh prvw shrsoh suredeo| gh�qh gulylqj wr zrun dv d orz sure0
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delolw| hyhqw/ d pxfk kljkhu ydoxh ri vwdwlvwlfdo olih lv lpsolhg1 D uhfhqw
Vzhglvk frqwlqjhqw ydoxdwlrq vxuyh| irxqg wkh ydoxh ri vwdwlvwlfdo olih wr eh
VHN 4<17 ploolrq +Shuvvrq hw do1/ 4<<;,1 Lq 4<<</ wkh ydoxh ri vwdwlvwlfdo olih
uhfrpphqghg wr wkh VQUD iru frvw0ehqh�w fdofxodwlrqv lv VHN 46 ploolrq
+VLND/ 4<<<,15;

Wkrxjk pdq| wklqjv frxog kdyh ehhq grqh gl�huhqwo|5</ wkh xvh ri shu0
fhswlrqv gdwd lv d qryhow| wr VS dqdo|vlv1 Qrqhwkhohvv/ wkh �qglqjv iurp
wklv vxuyh| duh hqfrxudjlqj dqg frqvwlwxwh d srlqw ri ghsduwxuh iru ixwxuh
uhvhdufk1 Lq rughu wr lpsuryh prgho �w dqg suhglfwlyh srzhu ri wudyho fkrlfh
prghov/ ixwxuh uhvhdufk zloo irfxv rq lghqwli|lqj odwhqw yduldeohv wkdw d�hfw
fkrlfh1 Iru lqvwdqfh/ sxusrvhixoo| froohfwhg vxuyh| gdwd/ prghoohg lq olqhdu
vwuxfwxudo htxdwlrq prghov/ zkhuh wkh odwhqw yduldeohv duh uhodwhg wr lqgl0
fdwru yduldeohv +Prulndzd hw do1/ 4<<3> Eroohq/ 4<;<,/ zloo/ e| hvwlpdwlrq lq
wkh OLVUHO surjudp +Mùuhvnrj ) Vùuerp/ 4<<6,/ khos wr lghqwli| odwhqw
yduldeohv1 Vxfk hvwlpdwlrqv frxog surylgh �wwhg ydoxhv wkdw pd| eh xvhg dv
h{sodqdwru| yduldeohv lq glvfuhwh wudyho fkrlfh prghov1

5;H{foxghg duh frvwv iru phglfdo fduh/ srolfh dvvlvwdqfh/ dgplqlvwudwlrq/ yhklfoh gdpdjh/

dqg rwkhu uhodwhg frvwv/ dv lv wkh suhvhqw ydoxh ri wkh ylfwlp*v ixwxuh rxwsxw1 Wkhvh frvwv

duh hvwlpdwhg dw VHN 415 ploolrq iru d idwdo lqmxu|1 Frqvhtxhqwo|/ wkh wrwdo frvw iru d

vwdwlvwlfdo ghdwk lq wud!f lv VHN 4715 ploolrq +VLND/ 4<<<,1
5<Iru h{dpsoh/ lqirupdwlrq jdwkhulqj rq h{dfwo| krz wkh uhvsrqghqwv shufhlyh wkh dw0

wulexwhv vkrxog eh lpsuryhg1 Pruhryhu/ wkh vxuyh| vkrxog dffrxqw ehwwhu iru vlwxdwlrqdo

frqvwudlqwv +vxfk dv edg zhdwkhu dqg2ru vhdvrqdo gl�huhqfhv, dqg/ lq rughu wr pd{lplvh

ydolglw|/ eh uhodwhg wr vshfl�f dqg uhfhqw fkrlfh vlwxdwlrqv1
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Dsshqgl{ D= Wkh Txhvwlrqqdluh

Wudqvodwhg yhuvlrq ri wkh lqwurgxfwru| ohwwhu dqg wkh txhvwlrqqdluh +yhuvlrq
D,1
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Wdeoh E4= Vljqv iru d 2e idfwruldo ghvljq1

Dow1 Yduldeohv Lqwhudfwlrq h�hfwv

4 5 6 7 45 46 47 56 57 67 456 457 467 567 4567

4 0 0 0 0 . . . . . . 0 0 0 0 .

5 . 0 0 0 0 0 0 . . . . . . 0 0

6 0 . 0 0 0 . . 0 0 . . . 0 . 0

7 . . 0 0 . 0 0 0 0 . 0 0 . . .

8 0 0 . 0 . 0 . 0 . 0 . 0 . . 0

9 . 0 . 0 0 . 0 0 . 0 0 . 0 . .

: 0 . . 0 0 0 . . 0 0 0 . . 0 .

; . . . 0 . . 0 . 0 0 . 0 0 0 0

< 0 0 0 . . . 0 . 0 0 0 . . . 0

43 . 0 0 . 0 0 . . 0 0 . 0 0 . .

44 0 . 0 . 0 . 0 0 . 0 . 0 . 0 .

45 . . 0 . . 0 . 0 . 0 0 . 0 0 0

46 0 0 . . . 0 0 0 0 . . . 0 0 .

47 . 0 . . 0 . . 0 0 . 0 0 . 0 0

48 0 . . . 0 0 0 . . . 0 0 0 . 0

49 . . . . . . . . . . . . . . .

Dsshqgl{ E= H{shulphqwdo Ghvljq

Iroorzlqj wkh qrwdwlrq ri Er{ hw do1 +4<:;, wkh wkuhh yduldeohv dqg wkh frp0
elqdwlrq yduldeoh duh ghqrwhg dv iroorzv> � ' | +wudyho wlph,/ 2 ' S +wudyho
frvw,/ � ' r +vdihw|,/ e ' es +Hqylurqphqwdo iulhqgolqhvv2Ioh{lelolw|,1 Doo
yduldeohv kdyh wzr ohyhov/ d kljk ohyho dqg d orz ohyho1 Dv suhylrxvo|/ zh hp0
sor| d soxv vljq +., wr lqglfdwh wkh kljk ohyho dqg d plqxv vljq +0, wr lqglfdwh
wkh orz ohyho1 Ixuwkhupruh/ li wkh hohphqwv ri dq| froxpq duh pxowlsolhg e|
wkhpvhoyhv/ zh rewdlq d froxpq ri soxv vljqv/ L/ l1h1 L@44@55@66@771

Lq wkh iroorzlqj ghvfulswlrq ri wkh h{shulphqwdo ghvljq/ lw lv lpsruwdqw wr
glvwlqjxlvk ehwzhhq wkh frqfhswv ri dowhuqdwlyhv/ eorfnv/ sdluv dqg vxevxe0
vdpsohv +ghqrwhg vvv lq Wdeoh E5,1 Zkhq zh kdyh irxu yduldeohv ydu|lqj dw
wzr gl�huhqw ohyhov dqg ghvluh wzr sdluzlvh frpsdulvrqv lq hdfk vxevxevdp0
soh/ zh qhhg wkuhh �eorfn� yduldeohv wr gr wkh mre1 Wkhuhiruh/ ohw xv lqwurgxfh
wkh eorfn yduldeohv/ ��c �2 dqg ��/ zkhuh �� ' �2/ �2 ' �� dqg �� ' �e
+vhh Wdeoh E5,1 Khqfh/ �� lv htxdo wr wkh wzr0zd| lqwhudfwlrq ehwzhhq | dqg
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Wdeoh E5= Eorfn yduldeohv dqg h{shulphqwdo ghvljq1

Dowhuqdwlyh �� �2 �� Sdlu qr vvv Sdlu qr Dowhuqdwlyhv Txhvwlrqqdluh

4 . . . ; 4 ; 4/ 49 D dqg H

5 0 0 . :

6 0 . . 9 : 5/ 48 D dqg H

7 . 0 . 8

8 . 0 0 7 5 9 6/ 47 E dqg I

9 0 . 0 6

: 0 0 0 5 8 7/ 46 E dqg I

; . . 0 4

< . . 0 4 6 7 8/ 45 F dqg J

43 0 0 0 5

44 0 . 0 6 6 9/ 44 F dqg J

45 . 0 0 7

46 . 0 . 8 7 5 :/ 43 G dqg K

47 0 . . 9

48 0 0 . : 4 ;/ < G dqg K

49 . . . ;

S/ �2 lv htxdo wr wkh wzr0zd| lqwhudfwlrq ehwzhhq | dqg r dqg �� lv htxdo wr
wkh wzr0zd| lqwhudfwlrq ehwzhhq r dqg es 1

Ghshqglqj rq wkh vljqv ri wkh eorfn yduldeohv/ zh dvvljq �sdlu� qxpehuv wr
wkh gl�huhqw dowhuqdwlyhv1 Khqfh/ wkh wzr dowhuqdwlyhv zlwk doo eorfn yduldeohv
dw wkh kljk ohyho +. . ., frqvwlwxwh d sdlu +sdlu qr ;, zkloh dowhuqdwlyhv
zlwk eorfn yduldeohv plqxv/ plqxv/ soxv +0 0 ., frqvwlwxwh dqrwkhu +sdlu qr
:,/ dqg vr rq1 Wkh uhvxow ri xvlqj wkh eorfn yduldeohv lv hljkw gl�huhqw sdluv1
Wkhvh sdluv duh glylghg lqwr irxu vxevxevdpsohv frqvlvwlqj ri wzr sdluv hdfk1
Iru h{dpsoh/ vxevxevdpsoh rqh frqvlvwv ri wzr sdluzlvh frpsdulvrqv/ sdluv
qxpehu hljkw +;, dqg vhyhq +:,/ zkhuh sdlu hljkw htxdov wkh fkrlfh ehwzhhq
dowhuqdwlyh rqh dqg 49 dqg sdlu vhyhq htxdov wkh fkrlfh ehwzhhq dowhuqdwlyh
wzr dqg 481 Iru wkh rwkhu wkuhh vxevxevdpsohv wkh dowhuqdwlyhv duh jlyhq
lq Wdeoh E51 Wkh wzr dowhuqdwlyhv lq hdfk sdlu duh frpsohphqwdu| lq vljqv/
dv wkh vljqv ri wkh dwwulexwh ohyhov ri wkh �uvw dowhuqdwlyh duh uhyhuvhg lq wkh
vhfrqg1 Wkhuhiruh/ hdfk sdlu lv vdlg wr eh d irog0ryhu sdlu +Er{ hw do1/ 4<:;,1
Iru h{dpsoh/ lq sdlu qr ; wkhuh lv d fkrlfh ehwzhhq dowhuqdwlyh rqh dqg 491
Uhjduglqj Wdeoh E4/ zh vhh wkdw zkloh dowhuqdwlyh rqh lv orz rq doo yduldeohv/
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dowhuqdwlyh 49 lv kljk rq doo yduldeohv1
Wklv eorfnlqj duudqjhphqw lv frslhg iurp Er{ hw do1 +4<:;/ s1 67:,1

Fohduo|/ wkhuh duh vrph/ exw qrw vr pdq|/ rwkhu srvvleoh frpelqdwlrqv ri
eorfn yduldeohv1 Krzhyhu/ fdxwlrq lv fdoohg iru/ ehfdxvh wkh xvh ri zurqj eorfn
yduldeohv pd| ohdg wr pdlq h�hfwv ehlqj frqirxqghg zlwk eorfn h�hfwv1 Xvlqj
dq| rwkhu wkuhh srvvleoh +zlwkrxw frqirxqglqj wkh eorfn h�hfwv zlwk wkh pdlq
h�hfwv, frpelqdwlrqv ri eorfn yduldeohv ohdgv wr wkh vdph uhvxow dv wkh rqhv
zh xvh> doo wzr0zd| lqwhudfwlrqv dqg wkh irxu0zd| lqwhudfwlrq duh frqirxqghg
zlwk wkh eorfn h�hfwv dqg wkh sdluv frqvlvw ri wkh vdph dowhuqdwlyhv1

Li wkh zh xvh wkh qrwdwlrq dqg wkh pxowlsolfdwlyh surshuwlhv iurp deryh/ zh
kdyh> ���2 ' �2�� ' 2�/ ���� ' �2�e/ �2�� ' ���e ' �e dqg ���2�� '
�2���e ' 2e/ zklfk phdqv wkdw lqwhudfwlrq h�hfwv �2 +wlph0frvw,/ �� +wlph0
vdihw|,/ �e +wlph0hqylurqphqwdo iulhqgolqhvv2 h{lelolw|,/ 2� +frvw0vdihw|,/ 2e
+frvw0hqylurqphqwdo iulhqgolqhvv2 h{lelolw|,/ �e +vdihw|0hqylurqphqwdo iulhqg0
olqhvv2 h{lelolw|, dqg �2�e +wlph0frvw0vdihw|0hqylurqphqwdo iulhqgolqhvv2 h{lelolw|,
duh frqirxqghg zlwk wkh eorfn h�hfwv dqg/ wkhuhiruh/ qrw srvvleoh wr hvwlpdwh
vhsdudwho|1 Krzhyhu/ qrqh ri wkh pdlq h�hfwv duh frqirxqghg1
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9 Uhihuhqfhv

Dgdprzlf} Z1/ M1 Vzdlw/ S1 Er{doo/ M1 Orxylhuh dqg P1 Zlooldpv +4<<:,=
�Shufhswlrqv yhuvxv Remhfwlyh Phdvxuhv ri Hqylurqphqwdo Txdolw| lq
Frpelqhg Uhyhdohg dqg Vwdwhg Suhihuhqfh Prghov ri Hqylurqphqwdo
Ydoxdwlrq�1 Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg Pdqdjhphqw/
65/ 980;7

Dojhuv V1/ S1 Ehujvwuùp/ P1 Gdkoehuj dqg M1 Olqgtylvw Glooìq +4<<;,= Pl{hg
Orjlw Hvwlpdwlrq ri wkh Ydoxh ri Wudyho Wlph1 Zrunlqj Sdshu 48/ Gh0
sduwphqw ri Hfrqrplfv/ Xssvdod Xqlyhuvlw|

Dojhuv V1/ E1 Kxjrvvrq dqg M1 Olqgtylvw Glooìq +4<<8,= 4<<7 èuv wlgvyçughvvwxglh1
Voxwudssruw1 Gho 4 Uhvxowdw1 Wudqvhn/ plphr1 +Lq Vzhglvk zlwk d vxp0
pdu| lq Hqjolvk,

Edwvhoo U1 U1 dqg M1 M1 Orxylhuh +4<<4,= �H{shulphqwdo Dqdo|vlv ri Fkrlfh�1
Pdunhwlqj Ohwwhuv/ 5+6,/ 4<<0547

Ehfnhu J1 V1 +4<98,= �D Wkhru| ri wkh Doorfdwlrq ri Wlph�/ Wkh Hfrqrplf
Mrxuqdo/ :8/ 7<6084:

Ehq0Dnlyd P1 dqg V1 U1 Ohupdq +4<;8,= Glvfuhwh Fkrlfh Dqdo|vlv= Wkhru|
dqg Dssolfdwlrq wr Wudyho Ghpdqg1 PLW Suhvv/ Fdpeulgjh/ PD

EmùunpdqP1 dqg J1 Hnpdq +4<8:,= H{shulphqwdosv|nrorjlvnd phwrghu1 Doptylvw
) Zlnvhoo/ Vwrfnkrop

Eroohq N1 D1 +4<;<,= Vwuxfwxudo Htxdwlrqv zlwk Odwhqw Yduldeohv1 Zloh|/ Qhz
\run

Er{ J1 H1 S1/ Z1 J1 Kxqwhu dqg M1 V1 Kxqwhu +4<:;,= Vwdwlvwlfv iru H{0
shulphqwhuv1 Dq Lqwurgxfwlrq wr Ghvljq/ Gdwd Dqdo|vlv/ dqg Prgho
Exloglqj1 Mrkq Zloh| ) Vrqv/ Qhz \run

Eurzqvwrqh G1 dqg N1 Wudlq +4<<<,= �Iruhfdvwlqj Qhz Surgxfw Shqhwudwlrqv
zlwk Ioh{leoh Vxevwlwxwlrq Sdwwhuqv�1 Mrxuqdo ri Hfrqrphwulfv/ ;</
43<045<

GhVhusd D1 F1 +4<:4,= �D Wkhru| ri wkh Hfrqrplfv ri Wlph�1 Wkh Hfrqrplf
Mrxuqdo/ ;4/ ;5;0;79

Juhhqh Z1 K1 +4<<6,= Hfrqrphwulf Dqdo|vlv1 5qg hglwlrq/ Pdfploodq/ Qhz
\run

Jèughu S1/ O1 Ohghq dqg W1 Wkhgìhq +4<<7,= �Vdihw| Lpsolfdwlrqv ri Elf|foh
Sdwkv dw Vljqdol}hg Lqwhuvhfwlrqv�1 Dfflghqw Dqdo|vlv dqg Suhyhqwlrq/
59+7,/ 75<076<

Krurzlw} M1 O1 +4<;4,= �Lghqwl�fdwlrq dqg Gldjqrvlv ri Vshfl�fdwlrq Huuruv
lq wkh Pxowlqrplqdo Orjlw Prgho�1 Wudqvsruwdwlrq Uhvhdufk/ 48E/
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6780693
Mdud0Gld} V1 U1 +4<<;,= �Wlph dqg Lqfrph lq Wudyho Fkrlfh= Wrzdugv d

Plfurhfrqrplf Dfwlylw|0Edvhg Wkhruhwlfdo Iudphzrun�1 Lq W1 Jçuolqj/
W1 Odlwlod dqg N1 Zhvwlq +Hgv1,= Wkhruhwlfdo Irxqgdwlrqv ri Wudyho
Fkrlfh Prgholqj/ Shujdprq

Mdud0Gld} V1 U1 dqg M1 Ylghod +4<;<,= �Ghwhfwlrq ri Lqfrph H�hfw lq Prgh
Fkrlfh= Wkhru| dqg Dssolfdwlrq�1 Wudqvsruwdwlrq Uhvhdufk/ 56E/ 6<60
733

Mrqhv0Ohh P1 Z1 +4<<3,= �Wkh Ydoxh ri Wudqvsruw Vdihw|�1 R{irug Uhylhz
ri Hfrqrplf Srolf|/ 9+5,/ 6<093

Mùuhvnrj N1 J1 dqg G1 Vùuerp +4<<6,= OLVUHO ;= Vwuxfwxudo Htxdwlrq Prg0
hoolqj zlwk wkh VLPSOLV Frppdqg Odqjxdjh1 VVL/ Fklfdjr

Ndkqhpdq G1 dqg D1 Wyhuvn| +4<:<,= �Survshfw Wkhru|= Dq Dqdo|vlv ri
Ghflvlrq xqghu Ulvn�1 Hfrqrphwulfd/ 7:+5,/ 59605<4

Nrppxqlndwlrqvghsduwhphqwhw +4<<:,= Sè yçj prw ghw wud�nvçnud vdpkçoohw1
Gv 4<<:=46/ Vwrfnkrop

Nrsshopdq I1 V1 dqg H1 L1 Sdv +4<;3,= �Wudyho0Fkrlfh Ehkdylru= Prghov
ri Shufhswlrqv/ Ihholqjv/ Suhihuhqfh dqg Fkrlfh�1 Wudqvsruwdwlrq Uh0
vhdufk Uhfrug/ :98/ 59066

Odqfdvwhu N1 M1 +4<99,= �D Qhz Dssurdfk wr Frqvxphu Wkhru|�1 Mrxuqdo
ri Srolwlfdo Hfrqrp|/ 47/ 465048:

Ohh W1 U1 +4<;4,= �Shufhswlrqv ri Ulvn1 Wkh Sxeolf*v Shufhswlrq ri Ulvn
dqg wkh Txhvwlrq ri Luudwlrqdolw|�1 Surfhhglqjv ri wkh Ur|do Vrflhw| ri
Orqgrq/ D6:9/ 8049

Ohqqhu P1 +4<<6,= �Hqhuj| Frqvxpswlrq dqg H{kdxvw Hplvvlrqv Uhjduglqj
Gl�huhqw Phdqv dqg Prghv ri Wudqvsruwdwlrq�1 YWL Phgghodqgh qu
:4; +lq Vzhglvk zlwk d vxppdu| lq Hqjolvk,

Olfkwhqvwhlq V1/ S1 Vorylf/ E1 Ilvfkkr�/ P1 Od|pdq dqg E1 Frpev +4<:;,=
�Mxgjhg Iuhtxhqf| ri Ohwkdo Hyhqwv�1 Mrxuqdo ri H{shulphqwdo Sv|0
fkrorj|= Kxpdq Ohduqlqj dqg Phpru|/ 7+9,/ 88408:;

Orxylhuh M1 M1 dqg U1 G1 Mrkqvrq +4<<4,= �Xvlqj Frqmrlqw Dqdo|vlv wr Phd0
vxuh Uhwdlo Lpdjh� lq D1 Jkrvk dqg F1 D1 Lqjhqh= Uhvhdufk lq Pdunhw0
lqj1 Vsdwldo Dqdo|vlv lq Pdunhwlqj= Wkhru|/ Phwkrgv dqg Dssolfdwlrqv1
Vxssohphqw 8/ 46:0489/ Mdl Suhvv Lqf1

PfIdgghq G1 +4<;4,= �Hfrqrphwulf Prghov ri Suredelolvwlf Fkrlfh� lq Pdq0
vnl F1 dqg G1 PfIdgghq +hgv1,= Vwuxfwxudo Dqdo|vlv ri Glvfuhwh Gdwd
zlwk Hfrqrphwulf Dssolfdwlrqv/ Wkh PLW Suhvv/ Fdpeulgjh/ 4<;05:5
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Prulndzd W1/ P1 Ehq0Dnlyd dqg G1 PfIdgghq +4<<3,= �Lqfrusrudwlqj Sv|0
fkrphwulf Gdwd lq Hfrqrphwulf Fkrlfh Prghov�1 Gudiw yhuvlrq/ Mxo|
4<<3

Przhq M1 F1 +4<<3,= Frqvxphu Ehkdylrxu1 5qg hglwlrq/ PfPloodq/ Qhz
\run

Qrodqg U1 E1 +4<<8,= �Shufhlyhg Ulvn dqg Prgdo Fkrlfh= Ulvn Frpshqvdwlrq
lq Wudqvsruwdwlrq V|vwhpv�1 Dfflghqw Dqdo|vlv dqg Suhyhqwlrq/ 5:+7,/
8360854

Sd|qh M1 Z1 +4<:9,= �Wdvn Frpsoh{lw| dqg Frqwlqjhqw Surfhvvlqj lq Ghfl0
vlrq Pdnlqj= Dq Lqirupdwlrq Vhdufk dqg Surwrfro Dqdo|vlv�1 Rujdql0
}dwlrqdo Ehkdylru dqg Kxpdq Shuirupdqfh/ 49/ 69906;:

Shuvvrq X1/ N1 Qlovvrq/ N1 Kmdowh dqg D1 Qrulqghu +4<<;,= Ehuçnqlqj dy
Yçjyhunhwv ulvnyçughq1 Hq nrpelqdwlrq dy �frqwlqjhqw ydoxdwlrq�0vndwwqlqjdu
rfk xsspçwwd kçovriùuoxvwhu krv yçjwud�nvndgdgh shuvrqhu ehkdqgodgh
ylg i|ud vmxnkxv1 Wkh Vzhglvk Lqvwlwxwh ri Khdowk Hfrqrplfv +LKH,/
plphr1

Uhyhow G1 dqg N1 Wudlq +4<<;,= �Pl{hg Orjlw zlwk Uhshdwhg Fkrlfhv= Krxvh0
krogv* Fkrlfhv ri Dssoldqfh H!flhqf| Ohyho�1 Uhylhz ri Hfrqrplfv
dqg Vwdwlvwlfv/ ;3+7,/ 97:098:

VFE +4<<;,= Vyhqvnduqdv uhvru1 Ulnv0UYX uhvxowdwudssruw iùu 4<<:1 Vwdwlv0
wlfv Vzhghq/ VFE/ Vwrfnkrop +lq Vzhglvk zlwk d vxppdu| lq Hqjolvk,

VLND +4<<;,= Wud!f Lqmxulhv 4<<:1 R!fldo Vwdwlvwlfv ri Vzhghq/ VFE/ Ùuh0
eur

VLND +4<<<,= Ùyhuv|q dy vdpkçoovhnrqrplvnd ndon|osulqflshu rfk ndon|oyçu0
ghq sè wudqvsruwrpuèghw/ DVHN1 Uhgrylvqlqj dy uhjhulqjvxssgudj mxql
4<<<1 VLND Udssruw 4<<<=9 +lq Vzhglvk,

Vorylf S1/ E1 Ilvfkr� dqg V1 Olfkwhqvwhlq +4<;4,= �Shufhlyhg Ulvn= Sv|fkrorj0
lfdo Idfwruv dqg Vrfldo Lpsolfdwlrqv�1 Surfhhglqjv ri wkh Ur|do Vrflhw|
ri Orqgrq/ D6:9/ 4:067

Wudlq N1 dqg G1 PfIdgghq +4<:;,= �Wkh Jrrgv2Ohlvxuh Wudghr� dqg Glv0
djjuhjdwh Zrun Wuls Prgh Fkrlfh Prghov�1 Wudqvsruwdwlrq Uhvhdufk/
45+8,/ 67<0686

Wudlq N1 H1 +4<<;,= �Uhfuhdwlrq Ghpdqg Prghov zlwk Wdvwh Gl�huhqfhv ryhu
Shrsoh�1 Odqg Hfrqrplfv/ :7+5,/ 563056<



Zkdw Ghwhuplqhv wkh Qxpehu ri Dowhuqdwlyh
Wudyho Prghv iru Zrun WulsvB�

Pduld Yuhglq Mrkdqvvrq|

Devwudfw

Wzr gl�huhqw frxqw gdwd prghov duh hvwlpdwhg lq rughu wr h{sodlq wkh

qxpehu ri dowhuqdwlyh wudyho prghv iru zrun wulsv= d Srlvvrq prgho

dqg d sro|qrpldo Srlvvrq prgho ri rughu 4 +SS4,1 Wkh SS4 prgho

lv hvwlpdwhg wr doorz iru ghsduwxuhv iurp wkh Srlvvrq dvvxpswlrq ri

htxlglvshuvhg gdwd1 Wzr vljql�fdqw ghwhuplqdqwv ri wkh qxpehu ri

dowhuqdwlyh wudyho prghv iru zrun wulsv duh irxqg= wkh lqglylgxdo*v lq0

frph dqg wkh glvwdqfh wr wkh zrunsodfh1 Dv vxjjhvwhg e| lqwxlwlrq/

wkh lqglylgxdo*v qxpehu ri dowhuqdwlyhv lqfuhdvhv zlwk lqfrph dqg gh0

fuhdvhv zlwk glvwdqfh wr wkh zrunsodfh1

Nh| zrugv= Ydoxh ri Wlph/ Frxqw Gdwd/ Fkrlfh Vhw Vl}h/ Sro|qrpldo

Srlvvrq Prgho1

� L zrxog olnh wr wkdqn Wkrpdv Durqvvrq/ Mùujhq Khoovwuùp/ Oduv Kxownudqw}/ Shu

Mrkdqvvrq dqg Nduo0Jxvwdi Oùijuhq iru ydoxdeoh jxlgdqfh/ frpphqwv dqg vxjjhvwlrqv1

Ilqdqfldo vxssruw iurp Wkh Vzhglvk Urdg Dgplqlvwudwlrq lv judwhixoo| dfnqrzohgjhg1

Wkh xvxdo glvfodlphu dssolhv1
| Ghsduwphqw ri Hfrqrplfv/ Xphè Xqlyhuvlw|/ VH0<34 ;: Xphè dqg WrV/ Gdoduqd

Xqlyhuvlw| Froohjh/ VH0:;4 ;; Eruoçqjh1 Hpdlo= pduld1yuhglqCgx1vh
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4 Lqwurgxfwlrq

Lq rughu iru d vrflhw| wr frqgxfw rswlpdo doorfdwlrq ri frpprq/ vfdufh/ uh0
vrxufhv/ lw lv lpsruwdqw wkdw doo h�hfwv ri sursrvhg surmhfwv duh lghqwl�hg dqg
txdqwl�hg1 Lq surmhfw hydoxdwlrqv/ vxfk dv ehqh�w frvw dqdo|vhv vrph ehqh0
�wv dqg frvwv duh uhodwlyho| hdv| wr �qg prqhwdu| ydoxhv iru +h1j1 surgxfwlrq
frvwv,/ zkloh rwkhu h�hfwv duh/ pruh ru ohvv/ lqwdqjleoh dqg/ wkhuhiruh/ kdughu
wr phdvxuh1 Zkhq wkh Vzhglvk Qdwlrqdo Urdg Dgplqlvwudwlrq +VQUD, shu0
irup urdg surmhfw hydoxdwlrqv/ wkh prvw lpsruwdqw ehqh�w lv wkh ydoxh ri
wlph vdylqjv1 Zkhq hvwlpdwlqj wkh ydoxh ri wlph lq hfrqrplf wudqvsruwdwlrq
uhvhdufk udqgrp xwlolw| prghov duh iuhtxhqwo| hpsor|hg +fi1 Dojhuv hw do1/
4<<8> Yuhglq/ 4<<<,1 Lq vxfk prghov rqo| wkrvh zkr duh qrw fdswlyhv wr wkhlu
fkrvhq prghv/ l1h1 wkrvh zkr duh iuhh wr pdnh d fkrlfh dprqj dowhuqdwlyhv/
duh lqfoxghg lq wkh hvwlpdwlrqv1 Wkdw lv/ wkh lqglylgxdo*v fkrlfh vhw/ gh�qhg
dv wkh vhw ri wudyho prgh dowhuqdwlyhv wkdw duh erwk nqrzq dqg ihdvleoh wr
wkh lqglylgxdo +Ehq0Dnlyd dqg Ohupdq/ 4<;8/ fk1 6,/ kdv wr frqwdlq dw ohdvw
wzr hohphqwv lq rughu iru wkh lqglylgxdo wr eh lqfoxghg lq hvwlpdwlrq1 Frq0
vhtxhqwo|/ li wkh fdswlyhv +wkh h{foxghg, gl�hu lq dq| vxevwdqwldo zd| iurp
wkrvh zkr duh pruh iuhh wr fkrrvh ehwzhhq wudyho dowhuqdwlyhv +wkh lqfoxghg,/
wkh hvwlpdwhg ydoxh ri wlph lv olnho| wr eh eldvhg1 Rqo| zkhq zh nqrz wkh gh0
whuplqdqwv ri wkh lqglylgxdov* prgdo fkrlfh vhw vl}hv/ fdq zh vshfxodwh derxw
wkh gluhfwlrq ri wklv eldv1

Wklv sdshu h{soruhv wkh ghwhuplqdqwv ri wkh prgdo fkrlfh vhw vl}h iru
lqglylgxdov* zrun wulsv1 Ehfdxvh rxu lqwhuhvw olhv lq h{sodlqlqj wkh vl}h/ qrw
wkh frpsrvlwlrq/ ri wkh lqglylgxdov* fkrlfh vhwv/ zh mxvw orrn dw wkh qxpehu
ri hohphqwv lq hdfk fkrlfh vhw dqg gr qrw glvwlqjxlvk ehwzhhq/ iru lqvwdqfh/
wzr0hohphqw fkrlfh vhwv frpsrvhg ri zdon0elnh dqg dxwr0exv1

Wkh sdshu lv rujdqlvhg dv iroorzv> wkh qh{w vhfwlrq ghvfulehv wkh gdwd/
vhfwlrq wkuhh surylghv wkh hfrqrphwulfv ehklqg wkh prgho xvhg/ vhfwlrq irxu
suhvhqwv uhvxowv iurp wkh hvwlpdwlrq dqg frqvlghuv dq dowhuqdwlyh prgho dqg/
�qdoo|/ vhfwlrq �yh frpsduhv wkh prghov dqg glvfxvvhv wkh uhvxowv1

5 Gdwd

Lq wkh dxwxpq ri 4<<:/ d frpelqhg uhyhdohg dqg vwdwhg suhihuhqfh pdlo txhv0
wlrqqdluh vxuyh| zdv shuiruphg lq wzr Vzhglvk pxqlflsdolwlhv> Eruoçqjh dqg
Idox +wkh vxuyh| lv ghvfulehg dw ohqjwk lq Yuhglq/ 4<<<,1 Dsduw iurp vwdwhg
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suhihuhqfh dqg vrflr0hfrqrplf txhvwlrqv/ wkh txhvwlrqqdluh frqwdlqhg txhv0
wlrqv derxw wkh uhvsrqghqwv* dfwxdo dqg dowhuqdwlyh wudyho prghv iru zrun
wulsv1 Wkhvh gdwd surylgh lqirupdwlrq derxw wkh uhvsrqghqwv* prgdo fkrlfh
vhw vl}hv/ l1h1 wkh qxpehu ri wudyho prghv wkdw duh erwk nqrzq dqg ihdvleoh wr
wkh uhvsrqghqwv/ lqfoxglqj wkh fkrvhq rqhv1 Ehfdxvh wkh gdwd zhuh jdwkhuhg
e| vxuyh|lqj rqo| zrunlqj uhvsrqghqwv/ �rq0vlwh� ru �fkrlfh0edvhg� vdpsolqj
rffxuuhg1 Wklv nlqg ri vdpsolqj lv riwhq hpsor|hg lq vwxglhv ri uhfuhdwlrqdo
vlwh ghpdqgv wr uhgxfh vxuyh| frvwv +fi1 Hqjolq ) Vkrqnzlohu/ 4<<8,1

Lq rxu gdwd/ wkh prvw iuhtxhqwo| fkrvhq wudyho prghv iru zrun wulsv zhuh
+lq ghfuhdvlqj rughu ri pdjqlwxgh,> dxwr/ elnh dqg zdon1 Wrjhwkhu wkhvh
wkuhh wudyho prghv dffrxqwhg iru doprvw ;9 shufhqw ri doo prghv xvhg1 Rwkhu
prghv lq wkh fkrlfh vhwv zhuh exv/ ulghvkduh dxwr/ wudlq dqg dq lqfoxvlyh
prgh fdoohg �rwkhu�1

Wkh phdq fkrlfh vhw vl}h lq rxu gdwd lv 514; +zlwk vwdqgdug ghyldwlrq
4138,/ dvvxplqj wkdw erwk wlph dqg frvw ri dq dowhuqdwlyh kdyh wr eh nqrzq
lq rughu iru lw wr txdoli| dv dq hohphqw lq wkh fkrlfh vhw +li wkh uhvsrqghqw
lv xqdzduh ri wkh hlwkhu wkh wlph ru wkh frvw ri dq dowhuqdwlyh/ lw lv xqolnho|
wkdw wkh dowhuqdwlyh lv sduw ri wkh uhvsrqghqw*v fkrlfh vhw,1

Gxh wr wkh vxuyh| ghvljq4/ qr fkrlfh vhw fdq frqwdlq pruh wkdq irxu do0
whuqdwlyhv1 Frqvhtxhqwo|/ uljkw fhqvrulqj ri wkh fkrlfh vhw vl}h glvwulexwlrq
rffxuuhg1 Ixuwkhupruh/ ehfdxvh wkh vxuyh| irfxvhg rq zrun wuls wudyho prghv
zh rqo| vxuyh|hg zrunlqj uhvsrqghqwv1 Hdfk uhvsrqghqw*v fkrlfh vhw/ wkhuh0
iruh/ frqwdlqv dw ohdvw rqh hohphqw dqg wkhuh duh qr hpsw| fkrlfh vhwv1 Lq
idfw/ zkhq vwxg|lqj prgdo fkrlfh vhw vl}h iru zrun wulsv/ hpsw| fkrlfh vhwv
duh lqghhg lpsodxvleoh +dowkrxjk wkh gdwd froohfwlrq pd| vwloo eh fodvvl�hg dv
fkrlfh0edvhg/ wuxqfdwlqj wkh gdwd dw }hur,1 Khqfh/ zh gh�qh wkh fkrlfh vhw
ri lqglylgxdo � dv +� 5 d�c eo1

Iurp Wdeoh 4 lw lv hylghqw wkdw d odujh sursruwlrq +67 shufhqw, ri wkh
uhvsrqghqwv duh fdswlyhv wr wkhlu fkrvhq wudyho prghv1 Lw lv dovr hylghqw
wkdw wkh gdwd rq wkh fkrlfh vhw vl}h frqvlvw ri glvfuhwh/ qrq0qhjdwlyh lqwhjhuv1
Khqfh zh duh ghdolqj zlwk frxqw gdwd1 Frxqw gdwd duh iuhtxhqwo| vwxglhg
xvlqj wkh Srlvvrq uhjuhvvlrq prgho ru/ d jhqhudolvdwlrq ri wkh Srlvvrq prgho/
wkh qhjdwlyh elqrpldo prgho1

Wdeoh 5 vkrzv wkh xqfrqglwlrqdo phdq dqg yduldqfh ri wkh fkrlfh vhw vl}h
dqg d wudqvirupdwlrq wkhuhri/ +���/ zklfk zloo eh h{sodlqhg dqg xvhg ehorz1
Vlpso| e| orrnlqj dw Wdeoh 5/ zh vhh wkdw xqghuglvshuvlrq +l1h1 wkh ydul0

4Diwhu vwdwlqj wkh hpsor|hg wudyho prgh/ rqo| wkuhh dowhuqdwlyh prghv frxog eh jlyhq1
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Wdeoh 4= Fkrlfh vhw vl}hv/ iuhtxhqflhv dqg shufhqwdjhv1

Qr ri dowhuqdwlyhv Iuhtxhqf| Shufhqw
4 ;8 6713
5 9< 5:19
6 96 5815
7 66 4615
? 583
3

+ 514;
2

j 4138

Wdeoh 5= Ghvfulswlyh vwdwlvwlfv ri wkh fkrlfh vhw vl}h1

Yduldeoh Phdq Yduldqfh Plq Pd{ Fdvhv
+� 514; 413< 4 7 583
+� � � 414; 413< 3 6 583

dqfh vpdoohu wkdq wkh phdq, lv suhvhqw iru wkh xqwudqviruphg yduldeoh/ zkloh
htxlglvshuvlrq/ ru yhu| plog xqghuglvshuvlrq/ lv olnho| iru wkh wudqviruphg
yduldeoh1

Zh fdq h{shfw xqghuglvshuvlrq ri rxu gdwd iru wzr gl�huhqw uhdvrqv1 Iluvw/
wkh fkrlfh edvhg vdpsolqj lqgxfhv xqghuglvshuvlrq rq wkh glvwulexwlrq1 Vhf0
rqg/ fhqvrulqj uhgxfhv/ e| qhfhvvlw|/ wkh yduldqfh ri +�/ vr wkdw wkh gdwd pd|
vhhp pruh xqghuglvshuvhg wkdq li fhqvrulqj lv qrw suhvhqw1

Lq frqwudvw wr ryhuglvshuvlrq/ xqghuglvshuvlrq zloo qrw eh uhgxfhg e| lq0
foxvlrq ri uhjuhvvruv1 Rq wkh frqwudu|/ uhjuhvvruv zloo lq idfw hqkdqfh xq0
ghuglvshuvlrq li lw lv suhvhqw ehfdxvh uhjuhvvruv fdq qhyhu lqfuhdvh yduldqfh
+Fdphurq ) Wulyhgl/ 4<<;/ fk1 6,1 Ehfdxvh wkh qhjdwlyh elqrpldo prgho fdq0
qrw dffrpprgdwh xqghuglvshuvlrq/ zh gr qrw frqvlghu wklv prgho1 Lqvwhdg/
zh ehjlq wkh prghoolqj ri wkh fkrlfh vhw vl}h zlwk d fkrlfh0edvhg Srlvvrq
uhjuhvvlrq prgho gxh wr Vkdz +4<;;,1
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6 Hfrqrphwulf Lvvxhv

614 Wuxqfdwlrq dqg Fhqvrulqj

Lq d 4<;; sdshu/ Vkdz ghyhorshg d Srlvvrq prgho wkdw fruuhfwv iru sureohpv
dvvrfldwhg zlwk fkrlfh0edvhg vdpsolqj1 Rqh ri wkhvh sureohpv lv wuxqfdwlrq
dw }hur1 Dqrwkhu lv hqgrjhqrxv vwudwl�fdwlrq/ zklfk phdqv wkdw wkh olnholkrrg
ri ehlqj vdpsohg ghshqgv rq wkh iuhtxhqf| ri xvh1

Lq rxu vxuyh|/ zh kdyh d vshfldo irup ri fkrlfh0edvhg vdpsolqj zkhuh
hqgrjhqrxv vwudwl�fdwlrq lv qrw d sureohp dqg hpsw| fkrlfh vhwv duh qrw
revhuyhg1 Khqfh/ wkh glvwulexwlrq lv wuxqfdwhg dw }hur1 Ehfdxvh wkh vxuyh|hg
srsxodwlrq frqvlvwv ri zrunlqj shrsoh/ wkh uhvsrqghqw kdv wr kdyh dw ohdvw
rqh wudyho prgh lq khu fkrlfh vhw lq rughu wr pdnh d zrun wuls1 Wkxv/ hpsw|
fkrlfh vhwv gr qrw h{lvw lq wkh srsxodwlrq ri lqwhuhvw hlwkhu1 Wkh lqwhuhvwlqj
yduldeoh wr prgho/ wkhuhiruh/ lv wkh qxpehu ri dowhuqdwlyh wudyho prghv lq wkh
uhvsrqghqw*v fkrlfh vhw/ �� ' +� � �c udwkhu wkdq wkh frpsohwh fkrlfh vhw/ +�1

Vshfli|lqj �� wr eh Srlvvrq glvwulexwhg zlwk phdq dqg yduldqfh >� dqg  �

wr eh d yhfwru ri h{sodqdwru| yduldeohv iru lqglylgxdo �/ zh kdyh .d+� m  �o '
>� n � dqg T d+� m  �o ' >�1 Wkh uhvxowv lq Wdeoh 5 vhhp wr ydolgdwh wklv
vshfl�fdwlrq ri �� ehlqj Srlvvrq glvwulexwhg zkhuhdv +� lv qrw1 Wkh phdq
dqg yduldqfh duh wkh vdph dv lq Vkdz +4<;;,1 Krzhyhu/ wkh frqfoxvlrqv
iurp rxu hvwlpdwlrq duh fohduo| gl�huhqw iurp Vkdz*v1 Lq wkh fdvh ri }hur
wuxqfdwlrq frxsohg zlwk hqgrjhqrxv vwudwl�fdwlrq/ Vkdz*v dssurdfk jlyhv
lqihuhqfh wr wkh wrwdo srsxodwlrq/ zkhuhdv rxu dssurdfk jlyhv lqihuhqfh rqo|
wr wkh srsxodwlrq zkr shuirupv zrun wulsv/ l1h1 wkh srsxodwlrq ri lqwhuhvw lq
rxu vxuyh|1 Wklv glvwlqfwlrq lv fuxfldo1 Ghulylqj wkh xqfrqglwlrqdo qxpehu ri
dowhuqdwlyh wudyho prghv iru zrun wulsv iru shrsoh zlwkrxw zrun wulsv pdnhv
qr vhqvh dw doo1

Ixuwkhupruh/ lq rxu gdwd/ �� lv uljkw fhqvruhg1 Wklv fhqvrulqj/ lpsrvhg
e| wkh vxuyh| ghvljq/ qrz rffxuv dw S ' �15 Zh gh�qh d uhjuhvvlrq prgho
iru wkh odwhqw +xqrevhuyhg, frxqw yduldeoh dv �W

� ' >E �c q� n ��/ zkhuh � lv
d sdudphwhu yhfwru dqg wkh glvwxuedqfh whup �� kdv . d��o ' f1 Wkh odwhqw
yduldeoh �W

� dqg wkh revhuyhg ghshqghqw yduldeoh �� duh uhodwhg dv iroorzv/

�W

� '

�
�� li �

W

� 	 S

S li �W

� � S
�

5Iru |l> wkh fhqvrulqj rffxuuhg dw f @ 7=
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Ohw _� ' � li �W

� 	 S dqg _� ' f li �W

� � S eh dq lqglfdwru ri wkh odwhqw frxqw
yduldeoh1 Dvvxplqj lqghshqghqfh ri wkh ? revhuydwlrqv/ wkh uljkw fhqvruhg
orj0olnholkrrg ixqfwlrq lv

*? � '
?[
�

i_� *? sE��(>�� n E�� _�� *?E�� 8 ES� �(>���j �

sE��(>�� lv wkh suredelolw| ghqvlw| ixqfwlrq +sgi, iru �� dqg 8 ES � �(>�� '
�h d�W

� � S� �o1
Li >� ' i TE ��q�/ wkh sdudphwhulvhg orj0olnholkrrg ixqfwlrq htxdov

*? �Eq� '
?[

�'�

+
_� d�� 

�

�q � i TE ��q�� *?��-o n

E�� _�� *?
k
�� i TE� i TE ��q��

SS3�

�'f

i TE� �

�
q�
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Wkh sdudphwhuv duh hvwlpdwhg zlwk pd{lpxp olnholkrrg +PO, lq OLPGHS1

7 Prgho Hvwlpdwlrq

714 Wkh Srlvvrq Prgho zlwk Fhqvrulqj

Wkh uhvxowv iurp pd{lpl}lqj wkh orj olnholkrrg ixqfwlrq lq Htxdwlrq +4, duh
jlyhq lq Wdeoh 61 Wkh h{sodqdwru| yduldeohv xvhg duh= VH[/ dq lqglfdwru ydul0
deoh zlwk rqh iru zrphq> DJH/ wkh djh lq |hduv ri wkh uhvsrqghqw> FKLO0
GUHQ/ wkh qxpehu ri shuvrqv |rxqjhu wkdq 4; |hduv lq wkh uhvsrqghqw*v
krxvhkrog> OLFHQFH/ dq lqglfdwru yduldeoh htxdo wr rqh li wkh uhvsrqghqw
kdv d gulyhu*v olfhqfh> GLVWDQFH/ wkh uhvsrqghqw*v glvwdqfh lq nlorphwhuv
+np, ehwzhhq krph dqg zrunsodfh> HGXFDWLRQ/ wkh uhvsrqghqw*v |hduv
ri hgxfdwlrq> ZRUNWLPH/ wkh uhvsrqghqw*v zrunwlph lq shufhqw dqg LQ0
FRPH/ wkh uhvsrqghqw*v prqwko| krxvhkrog lqfrph ehiruh wd{ lq wkrxvdqgv
Vzhglvk nurqru +VHN,16

Iurp wkh hvwlpdwlrq lw lv hylghqw wkdw rqo| GLVWDQFH dqg LQFRPH
kdyh vljql�fdqw lpsdfw rq wkh qxpehu ri zrun wuls wudyho prgh dowhuqdwlyhv
dw dq| uhdvrqdeoh ohyho ri vljql�fdqfh1 Dv vxjjhvwhg e| lqwxlwlrq/ wkh qxpehu
ri dowhuqdwlyh wudyho prghv lv uhgxfhg e| orqjhu glvwdqfh exw lv lqfuhdvhg
e| kljkhu lqfrph1 Krzhyhu/ wkh qxphulfdo ydoxhv ri erwk h�hfwv duh vpdoo

6XV' 4 lv dssur{lpdwho| htxdo wr VHN ;1
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Wdeoh 6= Uhvxowv iurp wkh Srlvvrq prgho1

Yduldeoh Frh!flhqw Vw ghy w0ydoxh
Frqvwdqw 31843 31;3; 31964
VH[ 03143< 31464 031;67
DJH 031335 31345 0314<7
FKLOGUHQ 31354 31395 3167<
OLFHQFH 3173; 316<< 41356
GLVWDQFH 03133; 31337 0516<4
HGXFDWLRQ 031348 31355 031:45
ZRUNWLPH 031339 31337 0416<8
LQFRPH 31344 31338 51456
? 56<
�2 69163
*? � 06491;9

vlqfh wkh krxvhkrog*v prqwko| lqfrph ehiruh wd{ zrxog kdyh wr lqfuhdvh e|
dssur{lpdwho| VHN ;6/333 fhwhulv sdulexv iru wkh qxpehu ri dowhuqdwlyhv
wr lqfuhdvh e| rqh xqlw/ zkloh lqfuhdvlqj wkh glvwdqfh ehwzhhq krph dqg
zrunsodfh e| 444 np fhwhulv sdulexv uhgxfhv wkh qxpehu ri dowhuqdwlyhv zlwk
rqh xqlw1

Ixuwkhupruh/ wkh ryhudoo prgho �w ri wkh Srlvvrq prgho lv jlyhq e| wkh
fkl0vtxduhg vwdwlvwlf/ htxdo wr 6916 zlwk hljkw ghjuhhv ri iuhhgrp +olnholkrrg
udwlr +OU, whvw iru doo sdudphwhuv htxdo wr }hur,1 Wkxv/ zh fdqqrw uhmhfw wklv
prgho rq wkh edvlv ri hvwlpdwlrq1

715 Prgho Hydoxdwlrq

Zlwkrxw wuxqfdwlrq ru fhqvrulqj dqg dv orqj dv wkh frqglwlrqdo phdq lv fru0
uhfwo| vshfl�hg/ wkh Srlvvrq PO hvwlpdwru +POH, lv frqvlvwhqw hyhq li gdwd
lv xqghuglvshuvhg1 Lq wkh pruh frpsolfdwhg fdvhv ri wuxqfdwlrq dqg fhqvru0
lqj wkh POH ehfrphv lqfrqvlvwhqw +Fdphurq ) Wulyhgl/ 4<<;/ fk17,1 Iru
wkhvh uhdvrqv lw lv ghvludeoh wr shuirup prgho whvwv diwhu uxqqlqj d Srlvvrq
uhjuhvvlrq1

Vhyhudo whvwv iru ryhu2xqghuglvshuvlrq h{lvw +fi1 Fdphurq ) Wulyhgl/ 4<<;/
fkdswhuv 6 dqg 8, zkhq gdwd lv xqfhqvruhg1 Wr wkh ehvw ri rxu nqrzohgjh/
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qr vwdqgdug whvw h{lvwv iru ryhu2xqghuglvshuvlrq zkhq gdwd duh fhqvruhg1 Lq0
vwhdg ri whvwlqj iru ryhu2xqghuglvshuvlrq zlwk whvwv xqvxlwdeoh iru fhqvruhg
gdwd/ zh wdnh dqrwkhu dssurdfk dqg hvwlpdwh d pruh  h{leoh prgho/ wkh
sro|qrpldo Srlvvrq prgho/ fdsdeoh ri dffrpprgdwlqj erwk ryhu0 dqg xqghu0
glvshuvlrq1 Ehfdxvh wkh sro|qrpldo Srlvvrq prgho qhvwv wkh Srlvvrq prgho/
zh fdq shuirup dq OU whvw ehwzhhq wkh wzr prghov1

716 Wkh Srlvvrq Sro|qrpldo Prgho zlwk Fhqvrulqj

Wr dffrxqw iru wkh ghsduwxuhv iurp htxlglvshuvlrq ri wkh gdwd/ zh hvwlpdwh d
Srlvvrq sro|qrpldo prgho edvhg rq vtxduhg sro|qrpldo h{sdqvlrqv durxqg
wkh Srlvvrq edvholqh ghqvlw| +wkh lqwhuhvwhg uhdghu lv uhihuuhg wr Fdphurq
) Mrkdqvvrq/ 4<<:/ zkr ghulyh jhqhudo uhvxowv dqg surriv/ lq dgglwlrq wr
ghvfulelqj dqg hvwlpdwlqj sro|qrpldo Srlvvrq prghov ri gl�huhqw rughuv,1
Iru vlpsolflw|/ zh xvh d Srlvvrq sro|qrpldo ri rughu 4 +SS4,1 Wkh ghqvlw|
iru d SS4 prgho lv jlyhq e| wkh edvholqh Srlvvrq ghqvlw| dqg d �uvw rughu
sro|qrpldo h{sdqvlrq=
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E� n @����/ lv wkh �uvw rughu sro|qrpldo/ vtxduhg wr hqvxuh qrq0qhjdwlylw| ri
wkh ghqvlw|1 Wkxv/ wkh orj0olnholkrrg ixqfwlrq zlwk fhqvrulqj htxdov=
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Zkdw Ghwhuplqhv wkh Qxpehu111 ;

Wdeoh 7= Uhvxowv iurp wkh SS4 prgho1

Yduldeoh Frh!flhqw Vw ghy w0ydoxh
Frqvwdqw 31843 31<38 31896
VH[ 03143< 31464 031;67
DJH 031335 31345 0314<7
FKLOGUHQ 31354 31394 3167<
OLFHQFH 3173; 316<< 41356
GLVWDQFH 03133; 31336 0516<4
HGXFDWLRQ 031348 31354 031:45
ZRUNWLPH 031339 31337 0416<8
LQFRPH 31344 31338 51456
@� 031333 31536 031333
? 56<
*? � 06491;9

wkh SS4 prgho qhvwv wkh Srlvvrq prgho/ wkh SS4 prgho fdqqrw lpsuryh wkh
Srlvvrq prgho zkhq @� ' f1

Iurp Wdeoh 7 lw lv hylghqw wkdw wkh sro|qrpldo frh!flhqw lv lqvljql�fdqw/
vr wkdw wkh SS4 prgho fdqqrw lpsuryh wkh Srlvvrq prgho1 Frqvhtxhqwo|/
erwk prghov jlyh wkh vdph sdudphwhu hvwlpdwhv/ orjolnholkrrg ydoxhv dqg
suhglfwhg suredelolwlhv +vhh Wdeoh 8,1 Wkxv/ wkh ruglqdu| Srlvvrq prgho fdq0
qrw eh uhmhfwhg dqg fdq/ wkhuhiruh/ dghtxdwho| ghvfuleh wkh gdwd1

8 Prgho Frpsdulvrq dqg Glvfxvvlrq

Wzr gl�huhqw frxqw gdwd prghov zhuh hvwlpdwhg lq rughu wr h{sodlq wkh qxp0
ehu ri dowhuqdwlyh wudyho prghv iru zrun wulsv1 Iluvw/ d Srlvvrq prgho zdv
hvwlpdwhg dqg wkhq/ lq rughu wr doorz iru ghsduwxuhv iurp wkh Srlvvrq dv0
vxpswlrq ri htxlglvshuvhg gdwd/ d SS4 prgho1 Ehfdxvh wkh SS4 prgho frxog
qrw lpsuryh wkh Srlvvrq prgho/ zh frqfoxgh wkdw dq ruglqdu| Srlvvrq prgho
lv dssursuldwh iru hvwlpdwlrqv1

Lq Wdeoh 8/ dfwxdo dqg suhglfwhg suredelolwlhv iurp wkh Srlvvrq dqg wkh
SS4 prghov duh frpsduhg iru wkh qxpehu ri dowhuqdwlyh wudyho prghv iru zrun
wulsv1 Hylghqwo|/ wkhuh lv d sureohp ri h{fhvv }hurv/ l1h1 wkh dfwxdo sursruwlrq
ri }hurv lv odujhu wkdq wkh fruuhvsrqglqj sursruwlrq lq wkh Srlvvrq sduhqw
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Wdeoh 8= Suhglfwhg suredelolwlhv iru �� iurp wkh hvwlpdwhg prghov1

Frxqwv Dfwxdo Srlvvrq2SS4
3 316555 315<6<
4 315;;: 3167;4
5 315843 3154<5
6 3146;4 3146;;
? 56< 56<
*? � 06491;9

glvwulexwlrq1
Dowrjhwkhu/ rqo| wkh uhvsrqghqw*v lqfrph dqg glvwdqfh wr wkh zrunsodfh

fdq eh vkrzq wr kdyh vljql�fdqw lpsdfw rq wkh qxpehu ri dowhuqdwlyh wudyho
prghv iru zrun wulsv/ zkhuh lqfuhdvhv lq lqfrph dqg ghfuhdvhv lq glvwdqfh
lqfuhdvhv wkh qxpehu ri dowhuqdwlyhv1 Lw lv lqwhuhvwlqj wr wklqn derxw wkh
lpsolfdwlrqv ri wkhvh uhvxowv1 Dv phqwlrqhg lq wkh lqwurgxfwlrq/ zkhq wkh
ydoxh ri wlph lv hvwlpdwhg lq udqgrp xwlolw| prghov/ rqo| wkrvh wkdw duh qrw
fdswlyhv wr wkhlu fkrvhq prgh/ l1h1 zlwk fkrlfh vhwv� 2 +qxpehu ri dowhuqdwlyh
wudyho prghv � �,/ duh lqfoxghg lq hvwlpdwlrq18 Rxu uhvxowv lpso| wkdw shrsoh
zlwk orzhu lqfrph kdyh ihzhu dowhuqdwlyhv/ zklfk phdqv wkdw wkh| duh pruh
olnho| wr eh h{foxghg iurp wkh ydoxh ri wlph hvwlpdwlrq1 Li orzhu lqfrph
lpsolhv orzhu ydoxh ri wlph/ wkh ydoxh ri wlph hvwlpdwhg lq d udqgrp xwlolw|
prgho lv eldvhg xszdugv dqg/ wkxv/ h{djjhudwhv wkh ydoxh ri wlph1

Ehfdxvh h{sodqdwru| yduldeohv vxfk dv lqfrph dqg glvwdqfh iuhtxhqwo| duh
xvhg +dqg suryhg vljql�fdqw, lq udqgrp xwlolw| prghov ri wudyho prgh fkrlfh/
d krolvwlf dssurdfk wr hvwlpdwlqj wkh ydoxh ri wlph zrxog eh wr vlpxowdqhrxvo|

prgho fkrlfh vhwv dqg prgdo fkrlfh/ lqvwhdg ri wdnlqj wkh fkrlfh vhw dv jlyhq1
Jhqvfk +4<;:, hvwlpdwhg d wzr0vwdjh prgho iru wkh fkrlfh vhw jhqhudwlrq dqg
wkh vxevhtxhqw fkrlfh zkhuh wkh �uvw vwdjh frqvlvwhg ri d qrq0frpshqvdwru|
pd{lpxp olnholkrrg klhudufklfdo +POK, prgho dqg wkh vhfrqg vwdjh ri d
frpshqvdwru| orjlw prgho1 Lq rughu wr hvwlpdwh vxfk d prgho/ gdwd pxvw eh
dydlodeoh rq wkh uhvsrqghqwv* udwlqjv ru udqnlqj ri vhyhudo gl�huhqw prgdo
dwwulexwhv1

Lq fdvhv xqolnh rxuv/ zkhuh wkh h{dfw vl}h +dqg frpsrvlwlrq, ri wkh lq0

8Lq rxu vdpsoh/ derxw rqh0wklug ri wkh uhvsrqghqwv duh fdswlyhv wr wkhlu fkrvhq prgh

+vhh Wdeoh 4,1
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glylgxdov* fkrlfh vhwv lv xqnqrzq dqg/ wkhuhiruh/ dvvxphg wr eh lghqwlfdo
dfurvv lqglylgxdov/ wkh sdudphwhul}hg orjlw fdswlylw| +SOF, prgho e| Vzdlw
) Ehq0Dnlyd +4<;:, fdq eh hvwlpdwhg19 Lq wkh SOF prgho wkh surshqvlw| iru
ehlqj fdswlyh lv dffrxqwhg iru e| d ixqfwlrq ri wkh uhvsrqghqwv* fkdudfwhulv0
wlfv dqg2ru prgdo dwwulexwhv +zklfk phdqv wkdw fdswlylw| fdq ydu| ehwzhhq
uhvsrqghqwv,/ vr wkdw wkhuh duh vhsdudwh ixqfwlrqv iru fdswlylw| dqg xwlolw|1
Rxu uhvxowv lqglfdwh wkdw lw lv lpshudwlyh wr lqfoxgh lqfrph dqg glvwdqfh lq
wkh fdswlylw| ixqfwlrq1 Wkh uhvxowlqj ydoxh ri wlph iurp wkh SOFprgho frxog
wkhq eh frpsduhg zlwk wkh fruuhvsrqglqj pxowlqrplqdo orjlw +PQO, ydoxh
ri wlph dqg wkh suhglfwhg qxpehu ri fdswlyhv iurp wkh SOF prgho frxog
eh frpsduhg zlwk wkh dfwxdo qxpehu1 Dgglwlrqdoo|/ d olnholkrrg udwlr whvw
ehwzhhq wkh wzr prghov frxog eh shuiruphg ehfdxvh wkh SOF prgho qhvwv
wkh PQO prgho1:

9Wkh SOF prgho lv d jhqhudolvdwlrq ri wkh grjlw prgho e| Jdxgu| dqg Gdjhqdlv +4<:<,1
:Vzdlw ) Ehq0Dnlyd +4<;:, irxqg ydoxhv ri wlph iurp wkh SOF prgho wr eh wzr wr 5;

wlphv juhdwhu wkdq wkh fruuhvsrqglqj ydoxhv iurp d PQO prgho1 Wkh k|srwkhvlv ri qr

fdswlylw| zdv uhmhfwhg lq dq OU whvw1
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9 Uhihuhqfhv

Dojhuv V1/ E1 Kxjrvvrq dqg M1 Olqgtylvw Glooìq +4<<8,= 4<<7 èuv wlgvyçughvvwxglh1
Voxwudssruw1 Gho 4 Uhvxowdw1 Wudqvhn/ plphr1 +Lq Vzhglvk zlwk d vxp0
pdu| lq Hqjolvk,

Ehq0Dnlyd P1 dqg V1 U1 Ohupdq +4<;8,= Glvfuhwh Fkrlfh Dqdo|vlv= Wkhru|

dqg Dssolfdwlrq wr Wudyho Ghpdqg1 PLW Suhvv/ Fdpeulgjh/ PD
Fdphurq D1 F1 dqg S1 Mrkdqvvrq +4<<:,= �Frxqw Uhjuhvvlrq Xvlqj Vhulhv

H{sdqvlrqv= zlwk Dssolfdwlrqv�1 Mrxuqdo ri Dssolhg Hfrqrphwulfv/
45/ 5360556

Fdphurq D1 F1 dqg S1 N1 Wulyhgl +4<<;,= Uhjuhvvlrq Dqdo|vlv ri Frxqw Gdwd1
Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh

Hqjolq M1 dqg M1 V1 Vkrqnzlohu +4<<8,= �Hvwlpdwlqj Vrfldo Zhoiduh Xvlqj
Frxqw Gdwd Prghov= Dq Dssolfdwlrq wr Orqj0Uxq Uhfuhdwlrq Ghpdqg
xqghu Frqglwlrqv ri Hqgrjhqrxv Vwudwl�fdwlrq dqg Wuxqfdwlrq�1 Wkh

Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ ::/ 4370445
Jdxgu| P1 M1 L1 dqg P1 J1 Gdjhqdlv +4<:<,= �Wkh Grjlw Prgho�1 Wudqv0

sruwdwlrq Uhvhdufk/ 46E/ 4380444
Jhqvfk G1 K1 +4<;:,= �D Wzr0Vwdjh Glvdjjuhjdwh Dwwulexwh Fkrlfh Prgho�1

Pdunhwlqj Vflhqfh/ 9+6,/ 556056<
Vkdz G1 +4<;;,= �Rq Vlwh Vdpsohv* Uhjuhvvlrq= Sureohpv ri Qrq0Qhjdwlyh

Lqwhjhuv/ Wuxqfdwlrq dqg Hqgrjhqrxv Vwudwl�fdwlrq�1 Mrxuqdo ri Hfrqr0
phwulfv/ 6:/ 5440556

Vzdlw M1 dqg P1 Ehq0Dnlyd +4<;:,= �Hpslulfdo Whvw ri d Frqvwudlqhg Fkrlfh
Glvfuhwh Prgho= Prgh Fkrlfh lq Vdr Sdxor/ Eud}lo�1 Wudqvsruwdwlrq

Uhvhdufk/ 54E/ 4360448
Yuhglq P1 +4<<<,= Xvlqj Prgdo Shufhswlrqv wr Ghwhuplqh Zrun Wuls Wudyho

Prgh1 Sdshu ^LLL`/ wklv wkhvlv1



Hfrqrplfv Zlwkrxw Pdunhwv
Irxu sdshuv rq Frqwlqjhqw Ydoxdwlrq dqg Vwdwhg Suhihuhqfh Phwkrgv

Pduld Yuhglq Mrkdqvvrq



Devwudfw

Wklv wkhvlv frqvlvwv ri irxu sdshuv1 Wkh �uvw wzr sdshuv ghdo zlwk wkh ydox0
dwlrq ri dq hqgdqjhuhg vshflhv/ wkh Diulfdq hohskdqw1 Wkh wklug sdshu lv rq
wkh dvvhvvphqw ri dwwulexwh ydoxhv iru zrun wulsv1 Wkh irxuwk sdshu prghov
wkh qxpehu ri dowhuqdwlyh wudyho prghv iru zrun wulsv1

Sdshu ^L` uhsruwv ehqh�w hvwlpdwhv iurp d Frqwlqjhqw Ydoxdwlrq +FY,
vxuyh| ri Vzhglvk krxvhkrogv* zloolqjqhvv wr sd| +ZWS, iru wkh suhvhuyd0
wlrq ri wkh Diulfdq hohskdqw1 Phwkrgrorjlfdo dvshfwv ri wkh FY phwkrg duh
dgguhvvhg/ vxfk dv wkh phwkrg*v vxvfhswlelolw| wr yduldwlrqv lq wkh sd|phqw
yhklfoh dqg lq wkh wlph0krul}rq ri wkh sd|phqw reoljdwlrq1 Qrqh ri wkh wuhdw0
phqwv kdyh vljql�fdqw lpsdfw rq wkh ZWS1

Sdshu ^LL` dqdo|vhv ghwhuplqdqwv ri wkh ZWS iurp Sdshu ^L`1 D grxeoh
kxugoh prgho iru krxvhkrog fkrlfh lv irupxodwhg zkhuh wkh krxvhkrog �uvw
ghflghv zkhwkhu wr jlyh wr hohskdqw surwhfwlrq ru qrw dqg/ wkhq/ ghflghv rq
wkh vl}h ri wkh grqdwlrq1 Wkh prgho lv hvwlpdwhg zlwk Khfnpdq*v wzr0vwhs
hvwlpdwru1 Zlwk rqh h{fhswlrq/ wkh ghwhuplqdqwv vljql�fdqw iru wkh ghflvlrq
wr jlyh duh qrw wkh vdph dv wkh rqhv vljql�fdqw iru wkh ghflvlrq rq krz pxfk
wr jlyh1

Sdshu ^LLL` xvhv vwdwhg suhihuhqfh gdwd wr hvwlpdwh wkh ydoxhv ri wlph dqg
vdihw| iru zrun wulsv1 Lq vwdqgdug dqg udqgrp sdudphwhuv orjlw prghov wkh
uhvsrqghqw*v prgdo fkrlfh lv uhodwhg wr wkh shufhlyhg wlph/ frvw/ vdihw|/ dqg
hqylurqphqwdo iulhqgolqhvv ru  h{lelolw| ri wkh dowhuqdwlyhv1 Wkh shufhlyhg
wlph/ frvw dqg vdihw| duh vkrzq wr vljql�fdqwo| d�hfw wkh fkrlfh ri zrun wuls
wudyho prgh1 Iurp wkh hvwlpdwhg prghov zh dvvhvv dwwulexwh ydoxhv iru wlph
dqg vdihw|1

Sdshu ^LY` hvwlpdwhv wzr frxqw gdwd prghov/ dq ruglqdu| Srlvvrq dqg d
sro|qrpldo Srlvvrq ri rughu rqh +SS4,/ wr h{sodlq wkh lqglylgxdo*v qxpehu
ri dowhuqdwlyh wudyho prghv iru zrun wulsv1 Wkh SS4 prgho/ zklfk doorzv iru
ghsduwxuhv iurp htxlglvshuvhg gdwd/ fdqqrw lpsuryh wkh Srlvvrq prgho1 Wkh
lqglylgxdo*v lqfrph dqg wkh glvwdqfh wr wkh zrunsodfh duh irxqg wr d�hfw wkh
qxpehu ri dowhuqdwlyh wudyho prghv iru zrun wulsv1

Nh| zrugv= Lqwhuwhpsrudo Hpehgglqj/ Glvfuhwh2Frqwlqxrxv Fkrlfh/ Ydoxh
ri Vwdwlvwlfdo Olih/ Ydoxh ri Wlph/ Udqgrp Sdudphwhuv Orjlw/ Frxqw Gdwd/
Fkrlfh Vhw Vl}h1



Dfnqrzohgjphqwv

Gxulqj wkh |hduv ri zulwlqj wklv wkhvlv/ idplo|/ iulhqgv dqg froohdjxhv kdyh
surylghg d qhyhu0hqglqj vrxufh ri vxssruw dqg hqfrxudjhphqw1 Iru wklv/ L
zrxog olnh wr h{whqg p| ghhs judwlwxgh wr |rx doo1 Krzhyhu/ wkhuh duh d vrph
shrsoh zkrvh khos dqg vxssruw L frxog qrw kdyh grqh zlwkrxw1

Iluvw ri doo L*g olnh wr wkdqn p| xqsdudoohohg surihvvru dqg vxshuylvru
Nduo0Jxvwdi Oùijuhq1 Ndooh lv iudqn/ krqhvw dqg erog +qrw qhfhvvdulo| lq wkdw
rughu,/ exw prvw ri doo kh lv frpshwhqw dqg nlqg1

Vhfrqg/ p| kxvedqg/ wkh dvvrfldwh surihvvru Shu Mrkdqvvrq/ lv wkdqnhg
iru klv oryh dqg vxssruw1 Lq dgglwlrq wr jxlglqj dqg khoslqj ph wkurxjk
prvw ri wkh zrun rq wklv wkhvlv/ kh lv fuhdwlyh dqg srvlwlyh1 L dgpluh klp
yhu| pxfk1

Wklug/ zlwkrxw p| prwkhu Pdm*v jhqhurxv dwwlwxgh dqg zloolqjqhvv wr
jlyh d kdqg zkhuhyhu qhhghg +zklfk/ dprqj pdq| wklqjv/ lqfoxghg pdlolqj
uhplqghuv,/ wkh zrun rq wklv wkhvlv zrxog kdyh ehhq frqvlghudeo| surorqjhg1
Wdfn/ pdppd$

Irxuwk/ surihvvru Oduv Kxownudqw} lv wkdqnhg iru lqlwldwlqj/ dqg �qdqflqj/
wkh wklug dqg irxuwk sdshuv1 Odvvh lv d euxwh irufh ri rswlplvp dqg hqhuj|/
zklfk/ lq wlphv ri wxuexohqfh/ kdv ehhq yhu| uhdvvxulqj1

Ixuwkhupruh/ Gdq Iurvw dqg Pdulh Kdppduvwhgw dw Xphè Vfkrro ri Exvl0
qhvv dqg Hfrqrplfv duh wkdqnhg dqg pxfk dssuhfldwhg iru lpsurylqj wkh
orrnv ri wkh wkhvlv e| gudzlqj wkh �jxuhv dqg vfuxwlqlvlqj vrph �qdo yhu0
vlrqv1

Wkh shrsoh dw wkh Ghsduwphqw ri Hfrqrplfv dw Xssvdod Xqlyhuvlw| duh
wkdqnhg iru wkhlu krvslwdolw| dqg jhqhurvlw| lq ohwwlqj ph �qlvk wkh wkhvlv rq
wkhlu suhplvhv1

Olwwoh Wxyd lv dqrwkhu shuvrq zkr/ e| khu sxuh h{lvwhqfh/ kdv phdqw d orw
wr ph gxulqj wkh odvw |hduv1 Exw/ dv jhwwlqj zkdw L ghvhuyh +dv p| prwkhu
sxw lw,/ L ehwwhu �qlvk wkhvh dfnqrzohgjphqwv ehiruh vkh lv d whhqdjhu111

Xssvdod lq Rfwrehu/ 4<<<

Pduld Yuhglq Mrkdqvvrq



Wklv wkhvlv frqvlvwv ri wklv vxppdu| dqg wkh iroorzlqj irxu sdshuv=

^L` Ydoxlqj d Shulskhudo Hqylurqphqwdo Dphqlw|1 Wkh Vzhghv* Zloolqjqhvv wr
Sd| iru wkh Vxuylydo ri wkh Diulfdq Hohskdqw

^LL` Ghwhuplqdqwv ri Fkdulwdeoh Jlylqj1 Hylghqfh iurp K|srwkhwlfdo Gdwd
rq Zloolqjqhvv wr Sd|

^LLL` Xvlqj Prgdo Shufhswlrqv wr Ghwhuplqh Zrun Wuls Wudyho Prgh

^LY` Zkdw Ghwhuplqhv wkh Qxpehu ri Dowhuqdwlyh Wudyho Prghv iru Zrun
WulsvB



Vxppdu| 4

4 Hfrqrplfv zlwkrxw Pdunhwv

Wkh prrq ehorqjv wr hyhu|rqh/

Wkh ehvw wklqjv lq olih duh iuhh

Wkh vwduv ehorqj wr hyhu|rqh

Wkh| johdp wkhuh iru |rx dqg ph1

Vrqj e| Exgg| Gh Vloyd dqg Ohz Eurzq1

Iurp wkh vrqj zh ohduq wkdw �wkh ehvw wklqjv lq olih duh iuhh�/ zklfk lpsolhv
wkdw wkh wklqjv zh ydoxh prvw lq olih duh sulfhohvv dqg fdqqrw eh erxjkw ru
vrog rq dq| pdunhwv1 Hyhq dsduw iurp wkh prrq/ wkh vwduv/ dqg edvlf kxpdq
uljkwv dqg qhhgv/ vxfk dv iuhhgrp/ iulhqgvkls/ khdowk dqg oryh/ wkhuh duh rwkhu
wklqjv vxfk dv/ iru lqvwdqfh/ xqvsrlohg qdwxuh dqg fohdq dlu/ wkdw srvlwlyho|
d�hfw wkh zhoiduh ri pdq| shrsoh1 Vxfk �jrrgv�4 duh iuhtxhqwo| sxeolf/ dqg
wkhlu h�hfw rq shrsoh*v zhoiduh kdug wr phdvxuh1 Qrqhwkhohvv/ lw lv vrphwlphv
ghvludeoh wr txdqwli| wkrvh h�hfwv1

Iru lqvwdqfh/ zkhq wkh surylvlrq ri d sxeolf jrrg ghshqgv rq wkh dprxqw
ri wd{hv udlvhg iru lwv surylvlrq/ lw lv lpsruwdqw wr kdyh dq lghd derxw wkh
vl}h ri wkh ehqh�wv vr wkdw wkh wd{hv froohfwhg fruuhvsrqg wr wkh ehqh�wv
uhfhlyhg1 Lqirupdwlrq derxw wkh vl}h ri wkh ehqh�wv fdq/ wkhuhe|/ idflolwdwh
vrfldo ghflvlrqv rq surylvlrq1

Zkhq hydoxdwlqj wkh vrfldo ghvludelolw| ri surmhfwv d�hfwlqj wkh zhoiduh ri
pdq| shrsoh/ frvw0ehqh�w dqdo|vhv duh iuhtxhqwo| hpsor|hg1 Lq frvw0ehqh�w
dqdo|vhv/ ehqh�wv duh zhljkwhg djdlqvw frvwv dqg/ lq rughu wr vlpsoli| frp0
sdulvrq/ wkh h�hfwv duh prqhwlvhg1 Wr eh deoh wr prqhwlvh h�hfwv wkdw duh qrw
lqkhuhqwo| prqhwdu|/ zh kdyh wr dsso| vrph nlqg ri qrq0pdunhw ydoxdwlrq
phwkrg1 Wklv wkhvlv lv derxw wzr gl�huhqw phwkrgv iru hfrqrplf ydoxdwlrq ri
qrq0pdunhwhg jrrgv/ wkh frqwlqjhqw ydoxdwlrq phwkrg dqg frqmrlqw dqdo|vlv1

5 Qrq0Pdunhw Ydoxdwlrq

Wkhuh duh edvlfdoo| wzr gl�huhqw dssurdfkhv wr ghwhuplqlqj wkh ydoxh ri
qrq0pdunhwhg sxeolf jrrgv/ wkh uhyhdohg suhihuhqfhv +US, dssurdfk dqg wkh
vwdwhg suhihuhqfhv +VS, dssurdfk15

4Jrrg lv xvhg lqfoxvlyho|/ lqfrusrudwlqj vhuylfhv1
5Zh gr qrw dvsluh wr frpsohwhqhvv zkhq ghvfulelqj vrph ri wkh h{lvwlqj qrq0pdunhw

ydoxdwlrq phwkrgv1
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US phwkrgv uho| rq suhihuhqfhv ehlqj frqyh|hg wkurxjk revhuydeoh pdu0
nhw ehkdylrxu1 Wkhuhiruh/ US phwkrgv fdq rqo| eh xvhg wr ydoxh jrrgv zkrvh
ydoxhv fdq eh lqihuuhg iurp wkh ehkdylru lq dqrwkhu pdunhw/ dv lq wkh wudyho
frvw phwkrg ru wkh khgrqlf sulflqj phwkrg +fi1 Kdqoh| dqg Vsdvk/ 4<<6,1
Wkxv/ US phwkrgv duh olplwhg lq dssolfdwlrq1

VS phwkrgv fdq eh xvhg li zh zdqw wr hvwlpdwh wkh ydoxh ri d jrrg
iru zklfk wkhuh lv qr frqqhfwhg uhjxodu pdunhw/ ru/ li zh zdqw wr suhglfw wkh
pdunhw vkduh iru d qhz jrrg1 Rqh ri wkh prvw iuhtxhqwo| xvhg VS phwkrgv lv
wkh frqwlqjhqw ydoxdwlrq +FY, phwkrg1 Wkh FY phwkrg kdv suhgrplqdqwo|
ehhq xvhg lq hqylurqphqwdo hfrqrplfv/ exw wkhuh duh dovr dssolfdwlrqv lq
wudqvsruwdwlrq dqg khdowk hfrqrplfv1 Dqrwkhu VS whfkqltxh/ prvw frpprq
lq pdunhwlqj/ lv frqmrlqw dqdo|vlv +FD,1 FD lv d whfkqltxh iru hydoxdwlqj
pxowldwwulexwh frpprglwlhv16

Lq wkh olwhudwxuh/ wkhuh dsshduv wr eh vrph vhpdqwlf frqixvlrq uhjduglqj
wkh xvh ri wkh whup FD1 Lq vrph dssolfdwlrqv/ FD uhihuv wr wkh holflwdwlrq

surfhgxuh lq dq VS vwxg|/ zkloh lw lq rwkhuv uhihuv wr wkh phwkrg iru dqdo|vlqj

VS gdwd +Mrkqvrq ) Ghvyrxvjhv/ 4<<:,1 Iurp rxu srlqw ri ylhz/ FD lv mxvw
rqh ri vhyhudo VS phwkrgv1 Krzhyhu/ zh dgkhuh wr wrgd|*v frpprq sudfwlvh
dqg hpsor| VS zkhq uhihuulqj wr wkh vshfl�f holflwdwlrq surfhgxuh hpsor|hg
lq frqmrlqw dqdo|vlv h{shulphqwv1 Wkh phwkrgv iru dqdo|vlqj VS gdwd zloo
khqfhiruwk eh uhihuuhg wr e| wkh frqyhqwlrqdo vwdwlvwlfdo whuplqrorj|/ olnh
orjlw/ surelw dqg vr rq1 Ehorz iroorzv d eulhi lqwurgxfwlrq dqg ghvfulswlrq ri
wkh FY dqg VS phwkrgv dqg wkhlu h{shulphqwdo ghvljqv1

514 Frqwlqjhqw Ydoxdwlrq

Hyhq wkrxjk Fluldf|0Zdqwuxs dv hduo| dv 4<7: sursrvhg wkh xvh ri wkh �gl0
uhfw lqwhuylhz phwkrg� iru phdvxulqj wkh ydoxh ri qdwxudo uhvrxufhv/ lw zdv
qrw xqwlo wkh 4<93*v wkdw wkh frqwlqjhqw ydoxdwlrq phwkrg �uvw fdph lqwr xvh
+Gdylv/ 4<96,1 Lq rughu wr phdvxuh wkh ehqh�wv iurp d sduwlfxodu uhfuhdwlrq
duhd/ Gdylv lqwhuylhzhg kxqwhuv dqg uhfuhdwlrqlvwv1 Qhduo| doo wkh iroorzlqj/
hduo| xvhv ri wkh frqwlqjhqw ydoxdwlrq phwkrg lqyroyhg ydoxdwlrqv ri uhfuh0
dwlrqdo ehqh�wv ru qdwxudo uhvrxufhv/ vxfk dv kxqwlqj uljkwv +Kdppdfn )

6Zkloh US phwkrgv ghshqg rq ehkdylrxu ehlqj revhuyhg lq uhdo pdunhwv/ VS phwkrgv

ghshqg rq k|srwkhwlfdo pdunhw ehkdylrxu1 Ehwzhhq wkh srodu fdvhv ri US dqg VS/ hfrqrplf

h{shulphqwdo phwkrgv duh irxqg1 Lq dq hfrqrplf h{shulphqw wkh lqglylgxdo*v ehkdylrxu lv

d�hfwhg e| uhdo jdlqv dqg orvvhv/ zkloh vwloo lq dq h{shulphqwdo frqwh{w +fi1 Ndjho ) Urwk/

4<<8,1
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Eurzq/ 4<:7, dqg fohdq dlu +Ulgnhu/ 4<9:,1 Rqh h{fhswlrq zdv Dfwrq +4<:6,
zkr hvwlpdwhg wkh ydoxh ri surjudpv dlphg dw uhgxflqj wkh ulvn ri g|lqj iurp
khduw dwwdfnv1 Lq 4<:7/ wkh �uvw yroxph ri wkh Mrxuqdo ri Hqylurqphqwdo Hfr0

qrplfv dqg Pdqdjhphqw sxeolvkhg d sdshu e| Udqgdoo/ Lyhv dqg Hdvwpdq1
Lq wkdw sdshu/ wkh frqwlqjhqw ydoxdwlrq phwkrg zdv lqwurgxfhg wr d eurdghu
dxglhqfh1 Hyhu vlqfh wkh 4<:3*v/ wkh frqwlqjhqw ydoxdwlrq phwkrg kdv ehhq
iuhtxhqwo| dssolhg/ dqg pdq| ri wkh vxuyh|v shuiruphg kdyh ehhq h{sorudwlyh/
lqyhvwljdwlqj wkh phulwv dqg ghphulwv ri wkh FY phwkrg1 Wkh FY phwkrg lv
qrz dq hvwdeolvkhg dqg zhoo0nqrzq phwkrg iru phdvxulqj surmhfw ehqh�wv/
hvshfldoo| lq hqylurqphqwdo hfrqrplfv1

515 H{shulphqwdo Ghvljq

Lq d frqwlqjhqw ydoxdwlrq vxuyh| wkh devhqfh ri d uhdo pdunhw lv flufxpyhqwhg
e| d fduhixoo| vwuxfwxuhg k|srwkhwlfdo pdunhw dqg/ dv wkh holflwhg zloolqjqhvv
wr sd| +ZWS, +ru wkh zloolqjqhvv wr dffhsw/ ZWD,7 duh frqwlqjhqw rq wkh
sduwlfxodu k|srwkhwlfdo pdunhw frqvwuxfwhg/ wkh phwkrg lv nqrzq dv wkh frq0
wlqjhqw ydoxdwlrq phwkrg18 Wkurxjk wklv vxuurjdwh pdunhw wkh uhvhdufkhu/
yld lqwhuylhzv +shuvrqdo ru whohskrqh, ru pdlo txhvwlrqqdluhv/ holflwv wkh uh0
vsrqghqwv* suhihuhqfhv iru wkh dphqlw|19 Gxulqj wkh holflwdwlrq surfhvv/ wkh
uhvsrqghqw lv dvnhg wr vwdwh khu pd{lpxp ZWS wr dfklhyh d zhoiduh lp0
suryhphqw1

Wkh holflwdwlrq frxog eh grqh lq vhyhudo gl�huhqw zd|v> lq dq rshq0hqghg
txhvwlrq/ lq d vlqjoh uhihuhqgxp txhvwlrq:/ ru lq wkh irup ri d elgglqj jdph1
Lq dq rshq0hqghg txhvwlrq wkh uhvsrqghqw lv dvnhg wr vwdwh wkh pd{lpxp
dprxqw vkh lv zloolqj wr sd| zkloh/ lq wkh uhihuhqgxp irupdw/ wkh uhvsrqghqw
lv suhvhqwhg zlwk d srvwhg sulfh wkdw vkh lv dvnhg wr uhmhfw ru dffhsw1 D
elgglqj jdph lv d uhshdwhg jdph zkhuh wkh uhvhdufkhu wulhv wr eudfnhw wkh
uhvsrqghqw*v pd{lpxp ZWS e| suhvhqwlqj khu zlwk kljkhu dqg kljkhu elgv1

7Wkh ZWS irupdw lv e| idu wkh prvw zlgho| xvhg lq FY vxuyh|v/ dv wkh ZWD irupdw

+lq pdq| vhwwlqjv, fdqqrw holflw ydolg gdwd +Plwfkhoo ) Fduvrq/ 4<;<,1 Wkhuhiruh/ zh pdnh

qr ixuwkhu uhihuhqfh wr ZWD1
8Gxulqj wkh |hduv wkh frqwlqjhqw ydoxdwlrq phwkrg kdv ehhq fdoohg wkh vxuyh| phwkrg/

wkh lqwhuylhz phwkrg/ wkh gluhfw lqwhuylhz phwkrg/ wkh gluhfw txhvwlrqlqj phwkrg/ wkh

k|srwkhwlfdo ghpdqg fxuyh hvwlpdwlrq phwkrg/ wkh gl�huhqfh pdsslqj phwkrg dqg wkh

suhihuhqfh holflwdwlrq phwkrg +Plwfkhoo ) Fduvrq/ 4<;<,1
9Wkh lqwhuhvwhg uhdghu lv uhihuuhg wr Plwfkhoo dqg Fduvrq +4<;<, dqg Fxpplqjv hw do1

+4<;9, iru pxfk pruh rq wkh FY phwkrg1
:Dovr nqrzq dv wkh glvfuhwh fkrlfh ru forvhg0hqghg irupdw1
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D orzhu ydoxh iru wkh ZWS lv eudfnhwhg lq d vlplodu pdqqhu1
Zkloh Gdylv +4<96, xvhg dq rshq0hqghg txhvwlrq +sursrvhg e| Fluldf|0

Zdqwuxs lq 4<7:,/ Udqgdoo hw do1 +4<:7, lpsohphqwhg d vhtxhqwldo elgglqj
txhvwlrq irupdw +sursrvhg e| Eudgirug lq 4<:3, lq zklfk wkh ZWS zdv
eudfnhwhg e| d vhulhv ri uhihuhqgxp sd|phqw txhvwlrqv1 Dowkrxjk/ wkh elg0
glqj irupdw rq vhyhudo dffrxqwv zdv dujxhg dv ehlqj suhihudeoh/ wkh prvw
frpprqo| xvhg irupdwv gxulqj wkh hduo| 4<;3*v zdv wkh rshq0hqghg +Juhhq
hw do1/ 4<<;,1

Elvkrs dqg Khehuohlq +4<:<, dqg Kdqhpdqq +4<;7, lqwurgxfhg wkh vlqjoh
uhihuhqgxp +glvfuhwh fkrlfh, txhvwlrqv lq zklfk wkh uhvsrqghqw kdg wr dffhsw
ru uhmhfw d vlqjoh elg1 Wkh elgv ydulhg dprqj wkh uhvsrqghqwv dffruglqj wr
dq h{shulphqwdo ghvljq dqg wkh phdq ZWS zdv hvwlpdwhg sdudphwulfdoo| ru
qrq0sdudphwulfdoo|1

Wkh vlqjoh uhihuhqgxp irupdw lv fodlphg wr eh pruh dnlq wr dq ruglqdu|
pdunhw vlwxdwlrq zkhuh wkh uhvsrqghqw lv idfhg zlwk d srvwhg sulfh1 Lq 4<<6/
wkh vlqjoh uhihuhqgxp irupdw zdv hqgruvhg dv wkh suhihuuhg surfhgxuh iru FY
dqdo|vlv lq wkh zhoo0nqrzq QRDD0uhsruw +Duurz hw do1/ 4<<6,1

Qrwzlwkvwdqglqj wkh uhihuhqgxp irupdw*v r!fldo hqgruvhphqw/ rshq0hqghg
uhvsrqvhv duh ulfkhu lq lqirupdwlrq dqg vwdwlvwlfdoo| pruh h!flhqw wkdq uhi0
huhqgxp gdwd1 Pruhryhu/ wkh phdq uhvsrqvhv wr vlqjoh uhihuhqgxp txhv0
wlrqv kdyh uhfhqwo| ehhq vkrzq wr v|vwhpdwlfdoo| h{fhhg wkhlu rshq0hqghg
htxlydohqwv +Juhhq hw do1/ 4<<;> R*Frqru hw do1/ 4<<<,1 Wkhuhiruh/ hyhq lq
qrq0prqhwdu| ydoxdwlrq/ glvfuhwh fkrlfh txhvwlrqv duh surqh wr lq dwlrq1 Lq0
 dwhg ehqh�w ydoxhv duh e| qr phdqv lqqrfhqw ehfdxvh ryhusurylvlrq/ dw wkh
h{shqvh ri rwkhu ghvludeoh jrrgv/ zloo uhvxow zkhq wkh| duh dssolhg wr frvw0
ehqh�w dqdo|vhv1

516 Vwdwhg Suhihuhqfhv

Exloglqj rq pdwkhpdwlfdo dqg h{shulphqwdo sv|fkrorj|/ wkh VS phwkrg zdv
�uvw dssolhg lq pdunhwlqj dv d ghylvh iru suhglfwlqj pdunhw vkduhv iru qhz
surgxfwv +fi1 Juhhq ) Vulqlydvdq/ 4<:;> 4<<3,1 Wkh phwkrg zdv wkhq slfnhg
xs lq wudyho ehkdylrxu uhvhdufk wr pdnh lqglylgxdov* uhyhdo wkhlu wudgh0r�v
ehwzhhq prgdo dwwulexwhv lq wkh fkrlfh ri wudyho prgh1 Dgdprzlf} hw do1
+4<<7, lv rqh ri wkh �uvw dssolfdwlrqv ri VS lq hqylurqphqwdo hfrqrplfv dqg
wkhuh duh dovr dssolfdwlrqv lq wrxulvp hfrqrplfv +fi1 Orxylhuh ) Wlpphu0
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pdqv/ 4<<3,1;

VS h{shulphqwv ghdov zlwk frpsoh{ ghflvlrq pdnlqj dqg frpsoh{ surgxfw
hydoxdwlrq/ zkhuh wkh uhvsrqghqwv v|vwhpdwlfdoo| hydoxdwh wudgh0r�v ehwzhhq
dwwulexwhv1 Lq dq VS h{shulphqw d k|srwkhwlfdo fkrlfh vlwxdwlrq lv frqvwuxfwhg
zkhuh wkh uhvsrqghqw lv frqiurqwhg zlwk gl�huhqw dowhuqdwlyhv +uhdo ru frq0
vwuxfwhg,1 Wkh gl�huhqw dowhuqdwlyhv duh fkdudfwhulvhg e| ydulrxv dwwulexwhv/
iru lqvwdqfh/ lq d wudyho prgh fkrlfh h{shulphqw/ wlph/ frvw dqg vdihw|/ dqg
gl�huhqw ohyhov ri wkhvh dwwulexwhv1 Wkh uhvsrqghqwv lv wkhq vxssrvhg wr udwh
ru udqn wkh dowhuqdwlyhv/ ru wr fkrrvh rqh ri wkh dowhuqdwlyhv1 Wkh qxpehu
ri dowhuqdwlyhv iru wkh uhvsrqghqw wr hydoxdwh pd| ydu| lq gl�huhqw h{shul0
phqwv/ exw wkh ryhudoo ghvljq ri wkh h{shulphqw lv frqvwuxfwhg wr frqwuro iru
wkh fruuhodwlrq ehwzhhq wkh dwwulexwhv/ zklfk pdnhv vhsdudwh ydoxdwlrq ri wkh
dwwulexwhv pdgh srvvleoh1 Li rqh ri wkh dwwulexwhv lv prqhwdu| +h1j1 wudyho
frvw, pdujlqdo udwhv ri vxevwlwxwlrq ehwzhhq wklv dwwulexwh dqg wkh rwkhu dw0
wulexwhv +h1j1 wudyho wlph dqg vdihw|, uhvxow lq dq hfrqrplf ydoxdwlrq ri wkh
odwwhu1 Vxfk vlpxowdqhrxv ydoxdwlrqv duh xvhixo lq surmhfw hydoxdwlrqv shu0
iruphg e|/ iru lqvwdqfh/ wkh Vzhglvk Qdwlrqdo Urdg Dgplqlvwudwlrq +VQUD,1

517 H{shulphqwdo Ghvljq

Dq VS h{shulphqw fdq eh sodqqhg dqg shuiruphg e| d vwhs0e|0vwhs surfh0
gxuh1 Wkh iroorzlqj vhyhq vwhsv duh dgdswhg iurp Khqvkhu +4<<7,1 Dowkrxjk
wkh surfhgxuh pljkw vhhp vwudljkwiruzdug/ rqh vkrxog qrw xqghuhvwlpdwh wkh
frqvlghudwlrqv pdgh dw hdfk vwhs1 Zh h{hpsoli| wkh surfhgxuh zlwk d wudyho
prgh fkrlfh h{shulphqw1

Lq vwhs rqh wkh h{shulphqwhu ghflghv zklfk dwwulexwhv wr lqfoxgh lq wkh
h{shulphqwdo ghvljq1 Iru h{dpsoh/ wkhuh pd| eh dq duud| ri dwwulexwhv wkdw
pd| lq xhqfh wkh fkrlfh ri wudyho prgh dqg wkh h{shulphqwhu kdv wr ghflgh
zklfk rqhv wkdw duh lpsruwdqw iru wkh ghflvlrq dqg zklfk duh qrw1 Ehfdxvh
wkh frpsoh{lw| dqg wkh vl}h ri wkh h{shulphqw jurz frqvlghudeo| dv pruh
dwwulexwhv duh lqfoxghg/ wkh jdlqv iurp lqfoxglqj rqh pruh dwwulexwh vkrxog
eh zhljkwhg djdlqvw wkh frvw1

Lq vwhs wzr d phdvxuhphqw xqlw iru hdfk dwwulexwh kdv wr eh vhohfwhg1
Txdqwlwdwlyh dwwulexwhv olnh wudyho frvw dqg wudyho wlph duh suredeo| prvw
frqyhqlhqwo| phdvxuhg lq wkhlu xvxdo phwulfv 0 prqh| ru wlph/ uhvshfwlyho|1

;Wkh 4<;; Vshfldo Lvvxh rq Vwdwhg Suhihuhqfh Prghov lq wkh Mrxuqdo ri Wudqvsruw Hfr0

qrplfv dqg Srolf|/ 53+4,/ surylghv d jrrg lqwurgxfwlrq wr VS wkhru|/ phwkrgv dqg dssol0

fdwlrqv1
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Iru txdolwdwlyh dwwulexwhv/ vxfk dv vdihw|/ frpiruw dqg hqylurqphqwdo h�hfwv/
wkh phdvxuhphqw xqlwv kdyh wr eh lqyhqwhg dqg frppxqlfdwhg wr wkh uh0
vsrqghqwv1 Li/ iru lqvwdqfh/ vfdohv udqjlqj iurp orz wr kljk duh hpsor|hg/
wkh lpsolfdwlrqv ri hdfk ohyho pxvw eh fduhixoo| ghvfulehg1 Dq dowhuqdwlyh
zd| iru wkh h{shulphqwhu lv wr hqgrjhqlvh wkh frqvwuxfwlrq ri d phwulf vfdoh
e| ohwwlqj wkh uhvsrqghqw ghflgh rq wkh fxuuhqw dwwulexwh ohyho dqg wkhq xvh
yduldwlrqv iurp wkdw ohyho lq wkh h{shulphqw1

Lq vwhs wkuhh wkh h{shulphqwhu kdv wr vshfli| wkh dwwulexwh ohyhov wr eh
hpsor|hg/ l1h1 wkh qxpehu ri ohyhov dqg hdfk ohyhov pdjqlwxgh1 Iru h{lvwlqj
dowhuqdwlyhv/ wkh uhfrpphqgdwlrq lv wr xvh wkh fxuuhqw ohyho dv rqh ri wkh
ohyhov zkloh/ iru k|srwkhwlfdo dowhuqdwlyhv/ wkh uhfrpphqgdwlrq lv wr nhhs
wkh ohyhov eholhydeoh dqg gholyhudeoh1 Lq wklv vwhs wkh h{shulphqwhu dovr kdv
wr ghflgh rq zklfk dwwulexwh lqwhudfwlrqv wkdw duh lpsruwdqw dqg krz wkh
uhvsrqghqw lv jrlqj wr eh h{srvhg wr wkhp1 Wkh ryhudoo frpsoh{lw| ri wkh
h{shulphqwdo ghvljq zloo eh frqwlqjhqw rq wkh qxpehu ri ohyhov iru hdfk dw0
wulexwh1

Lq vwhs irxu wkh dwwulexwh ohyhov duh frpelqhg lqwr dq h{shulphqw1 Hdfk
frpelqdwlrq ri dwwulexwh ohyhov lv surgxfhg zlwk wkh dlg ri vwdwlvwlfdo ghvljq
wkhru| +d frpelqdwruldo sureohp, dqg ghvfulehv dq dowhuqdwlyh/ ru wuhdwphqw/
ru sur�oh1 Frpelqdwlrqv ri dwwulexwh ohyhov iru doo dwwulexwhv lq wkh h{shu0
lphqw duh xvhg wr frqvwuxfw d idfwruldo ghvljq1 Iru h{dpsoh/ li dq h{shul0
phqw frqvlvwv ri irxu dwwulexwhv +h1j1 wlph/ frvw/ vdihw| dqg  h{lelolw|, zlwk
�yh ohyhov hdfk +udqjlqj iurp yhu| kljk wr yhu| orz,/ wkhuh duh D

e
' S2D

frpelqdwlrqv ri dwwulexwhv/ uhvxowlqj lq 958 gl�huhqw dowhuqdwlyhv lq wkh ixoo

idfwruldo ghvljq1 Ehfdxvh qr uhvsrqghqw dujxdeo| frxog eh uhtxluhg wr hydox0
dwh vxfk dq h{whqvlyh qxpehu ri dowhuqdwlyhv/ iudfwlrqdo idfwruldo ghvljqv duh
riwhq hpsor|hg1 Lq d iudfwlrqdo idfwruldo ghvljq wkh qxpehu ri dowhuqdwlyhv
lv uhgxfhg wr d �pdqdjhdeoh� vl}h1 Zkhq uhgxflqj wkh qxpehu ri dowhuqd0
wlyhv/ vrph ri wkh dowhuqdwlyhv duh uhodwlyho| hdv| wr glvfdug lpphgldwho|/ iru
lqvwdqfh/ dowhuqdwlyhv wkdw duh hlwkhu grplqdqw ru grplqdwhg +vxshulru ru
lqihulru rq doo dwwulexwhv,1 Wkh frvw ri uhgxflqj wkh qxpehu ri dowhuqdwlyhv
lv orvv ri vwdwlvwlfdo h!flhqf| ehfdxvh zh kdyh wr dvvxph wkdw vrph/ ru doo/
lqwhudfwlrq h�hfwv ehwzhhq dwwulexwhv +h1j wlph0frvw dqg frvw0vdihw| h�hfwv,
duh vwdwlvwlfdoo| lqvljql�fdqw1 Wkh dvvxpswlrq ri lqvljql�fdqfh �^111` lv d yhu|
uhdvrqdeoh dqg qrq0whvwdeoh dvvxpswlrq iru d odujh qxpehu ri srvvleoh lqwhu0
dfwlrqv/ hvshfldoo| lqwhudfwlrqv ri pruh wkdq wzr dwwulexwhv +h1j1 wkuhh0zd|
lqwhudfwlrqv,/ dqg lqghhg iru pdq| wzr0zd| lqwhudfwlrqv� +Khqvkhu/ 4<<7/ s1
4480449,1 Wkh prvw frpprq iudfwlrqdo idfwruldo ghvljq lv wkh pdlq h�hfwv
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sodq zkhuh rqo| wkh pdlq h�hfwv +wlph/ frvw/ vdihw| dqg  h{lelolw|, fdq eh
phdvxuhg zlwkrxw frqirxqglqj1 Wkxv/ d pdlq h�hfwv sodq rqo| surylghv d
vx!flhqw qxpehu ri dowhuqdwlyhv wr hvwlpdwh dwwulexwh vshfl�f h�hfwv1 Wkh
uhohydqw qxpehu ri dowhuqdwlyhv lq d pdlq h�hfwv sodq ghshqgv rq wkh ryhudoo
vl}h ri wkh h{shulphqw/ l1h1 rq wkh qxpehu ri dwwulexwhv dqg dwwulexwh ohyhov1

Qrqhwkhohvv/ wkhuh pljkw vwloo eh wrr pdq| dowhuqdwlyhv iru wkh uhvsrqghqw
wr hydoxdwh lq wkh pdlq h�hfwv sodq1 D vroxwlrq lv wr h{srvh gl�huhqw vxevdp0
sohv ri uhvsrqghqwv wr gl�huhqw vxevhwv ri dowhuqdwlyhv1 Wklv frxog eh grqh
hlwkhu wkurxjk �eorfnlqj� +fi1 Er{ hw do1/ 4<:;, ru wkurxjk udqgrplvdwlrq ri
wkh dowhuqdwlyhv1 Zkhq eorfnlqj lv hpsor|hg d vxevhw ri wkh uhvsrqghqwv lv
suhvhqwhg zlwk d �{hg vxevhw ri wkh dowhuqdwlyhv/ zkloh lq udqgrplvdwlrq/ wkh
vxevhw ri dowhuqdwlyhv lv udqgrp1 Lq erwk eorfnlqj dqg udqgrplvlqj/ wkh lp0
sruwdqw wklqj lv wkdw doo dowhuqdwlyhv kdyh htxdo uhsuhvhqwdwlrq lq wkh ryhudoo
h{shulphqw/ dqg wkdw gl�huhqw wuhdwphqwv duh udqgrplvhg ryhu uhvsrqghqwv1

Lq vwhs �yh wkh ghvljq iurp vwhs irxu kdv wr eh frppxqlfdwhg wr wkh uh0
vsrqghqw wkurxjk d frpsuhkhqgleoh vxuyh| ghvljq1 Wklv vwhs lv dovr wkh gdwd
froohfwlrq skdvh1 Wkh vxuyh| lqvwuxphqw pd| eh ghvljqhg iru lq0shuvrq lq0
whuylhzv +zlwk ru zlwkrxw wkh dlg ri frpsxwhuv,/ whohskrqh lqwhuylhzv/ pdlo
txhvwlrqqdluhv/ ru frpelqdwlrqv wkhuhri1 Gdwd froohfwlrq rq fkrlfhv frxog
eh pdgh lq hlwkhu rqh ri wkuhh zd|v> wkurxjk frqwlqjhqw udwlqj/ frqwlqjhqw
udqnlqj ru wkurxjk vwdwhg fkrlfhv1 Frqwlqjhqw udwlqj jhqhudwhv wkh ulfkhvw
lqirupdwlrq rq fkrlfhv/ surgxflqj erwk rughulqj dqg vwuhqjwk ri suhihuhqfh
iru hyhu| dowhuqdwlyh1 Wkh uhvsrqghqw lv xvxdoo| dvnhg wr judgh hdfk dowhu0
qdwlyh rq d udwlqj vfdoh zlwk/ iru lqvwdqfh/ whq ru 433 srlqwv1 Lq frqwlqjhqw
udqnlqj wkh uhvsrqghqw lv dvnhg wr udqn wkh gl�huhqw dowhuqdwlyhv/ h1j1 li
wkhuh duh �yh dowhuqdwlyhv wkh uhvsrqghqw lv dvnhg wr jlyh udqn rqh wr wkh
rqh vkh suhihuv wkh prvw/ udqn wzr wr wkh rqh vkh olnhv wkh qh{w prvw/ dqg vr
rq1 Wkh surfhgxuh jhqhudwhv dq rughulqj ri dowhuqdwlyhv exw grhv qrw frqyh|
dq| lqirupdwlrq rq wkh ghjuhh ri suhihuhqfh1 Ehfdxvh erwk wkh frqwlqjhqw
udwlqj dqg udqnlqj dssurdfk pljkw eh wrr ghpdqglqj iru wkh uhvsrqghqw/ dq
dowhuqdwlyh dssurdfk/ wkh vwdwhg fkrlfh whfkqltxh/ kdv ehhq ghyhorshg1 Lq
vwdwhg fkrlfh wzr ru pruh dowhuqdwlyhv duh suhvhqwhg wr wkh uhvsrqghqw zkr
lv dvnhg wr fkrrvh rqh ri wkhp +d vwdwxv txr dowhuqdwlyh/ d �grq*w nqrz�
dowhuqdwlyh ru d �qrqh� dowhuqdwlyh pd| eh lqfoxghg,1 Wkh vwdwhg fkrlfh ds0
surdfk lv dvvxphg wr eh pruh vlplodu wr dq ruglqdu| fkrlfh vlwxdwlrq iru wkh
uhvsrqghqw1

Lq vwhs vl{ wkh dssursuldwh hvwlpdwlrq surfhgxuh kdv wr eh vhohfwhg gh0
shqglqj rq wkh nlqg ri gdwd froohfwhg1 Zlwk udwlqjv gdwd/ iru lqvwdqfh/ jhq0
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hudolvhg ohdvw vtxduhv +JOV, ru pd{lpxp olnholkrrg +PO, iru prghov vxfk
dv orjlw/ surelw/ ru wkhlu rughuhg yhuvlrqv/ pd| eh dssolfdeoh1 Zlwk udqnlqjv
gdwd/ pxowlqrplqdo ru rughuhg orjlw PO surfhgxuhv pd| eh uhohydqw dqg/
zlwk vwdwhg fkrlfh gdwd/ wkh PO hvwlpdwru iru orjlw/ surelw ru pxowlqrplqdo
orjlw prghov pd| eh ri xvh1

Lq wkh �qdo vwhs/ vwhs vhyhq/ fkrlfh suredelolwlhv iru hdfk dowhuqdwlyh iru
hdfk uhvsrqghqw lv hvwlpdwhg xvlqj wkh sdudphwhuv iurp wkh hvwlpdwlrqv lq
vwhs vl{1 Wkhvh fkrlfh suredelolwlhv fdq/ wrjhwkhu zlwk srsxodwlrq zhljkwv/ eh
xvhg wr suhglfw pdunhw ehkdylrxu dqg pdunhw vkduhv dqg2ru wrwdo ghpdqg1
Lq pdq| fdvhv/ wklv lv wkh xowlpdwh hqg ri dq VS h{shulphqw1

518 Frpsdulqj Phwkrgv

Lq d w|slfdo vlqjoh uhihuhqgxp irupdw FY vxuyh|/ rqo| wkh sulfh +elg, dw0
wulexwh ydulhv ryhu uhvsrqghqwv +lq vrph vxuyh|v dovr wkh txdqwlw| ri wkh
jrrg ydulhv/ fi1 Erpdq ) Ervwhgw/ 4<<8> Ndkqhpdq ) Nqhwvfk/ 4<<5> Er|oh
hw do1/ 4<<7,1 Wkxv/ wkh vlqjoh uhihuhqgxp FY irupdw lv d vshfldo fdvh ri
wkh pruh jhqhudo VS phwkrg/ lq zklfk pruh wkdq rqh dwwulexwh lv ydulhg1
Frpsduhg zlwk FY/ wkh VS ydoxdwlrq surfhvv lv ohvv frpsolfdwhg/ exw dovr
ohvv wudqvsduhqw1 Frqvhtxhqwo|/ wkh h{lvwhqfh ri vwudwhjlf eldv lv srwhqwldoo|
vpdoohu lq VS vxuyh|v +Kdoyruvhq hw do1/ 4<<9,1 Ixuwkhupruh/ VS dyrlgv sure0
ohpv zlwk sduw0zkroh eldvhv zklfk pd| rffxu li wkh uhvsrqghqw ydoxhv d pruh
lqfoxvlyh fdwhjru| ri jrrgv wkdq wkh jrrg lwvhoi +Kdqoh| hw do1/ 4<<;,1

Zklovw Kdoyruvhq hw do1 +4<<9, vxjjhvw wkdw FY dqg VS duh frpsohphq0
wdu| zd|v ri ydoxdwlrq/ Kdqoh| hw do1 +4<<;, �qg wkdw wkh FY dqg VSphwkrgv
kdyh gl�huhqw phulwv1 Zkhuhdv FY lv ehvw vxlwhg wr dq ryhudoo hydoxdwlrq ri
jrrgv dqg srolflhv/ VS lv ehwwhu vxlwhg iru dwwulexwh hydoxdwlrq1

6 D Vxppdu| ri wkh Sdshuv

614 Sdshu ^L` Ydoxlqj d Shulskhudo Hqylurqphqwdo Dphqlw|1
Wkh Vzhghv* Zloolqjqhvv wr Sd| iru wkh Vxuylydo ri
wkh Diulfdq Hohskdqw

Wkh �uvw dqg wkh vhfrqg ri wkh sdshuv lq wklv wkhvlv duh edvhg rq d FY
vxuyh| frqfhuqlqj wkh zloolqjqhvv wr sd| iru wkh suhvhuydwlrq ri wkh Diulfdq
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hohskdqw1 D pdlo txhvwlrqqdluh +zlwk wzr iroorz0xsv, zdv vhqw wr 4/833 udq0
grpo| vhohfwhg Vzhglvk uhvlghqwv/ djhg ehwzhhq 4; dqg :8 |hduv/ gxulqj
Mdqxdu|0Pdufk 4<<91 Wkh txhvwlrqqdluh frqwdlqhg vrflr0hfrqrplf txhvwlrqv
dqg txhvwlrqv uhjduglqj wkh uhvsrqghqw*v lqwhuhvw lq wkh qdwxudo hqylurqphqw
lq jhqhudo dqg lq wkh Diulfdq hohskdqw lq sduwlfxodu1 Ixuwkhupruh/ wkh uh0
vsrqghqwv zhuh dvnhg dq rshq0hqghg ydoxdwlrq txhvwlrq iru d surmhfw dlphg
dw suhvhuylqj wkh Diulfdq hohskdqw1

Wkh ZWS vwdwhg e| wkh uhvsrqghqw zdv lq wkh irup ri dq dqqxdo sd|phqw
reoljdwlrq dqg wkh ryhudoo uhvsrqvh udwh zdv 9315 shufhqw1

Dsduw iurp hvwlpdwlqj wkh Vzhghv* dqqxdo ZWS iru wkh Diulfdq hohskdqw/
zh dgguhvvhg vrph phwkrgrorjlfdo lvvxhv dvvrfldwhg zlwk wkh FY phwkrg/
vxfk dv lwv vhqvlwlylw| wr gl�huhqwldo ydoxdwlrq vwlpxol1 Lq rughu wr dffrp0
solvk wkh h{shulphqwv/ wkh wrwdo vdpsoh zdv vsolw lq irxu htxdoo| vl}hg jurxsv
+D0G,/ zkhuh uhvsrqghqwv zhuh udqgrpo| dvvljqhg rqh ri irxu gl�huhqw wuhdw0
phqwv1 Vpdoo yduldwlrqv lq wkh hohphqwv ri wkh vfhqdulr uhjduglqj wkh wlph0
krul}rq iru wkh sd|phqw reoljdwlrq dqg wkh sd|phqw yhklfoh/ phdqw wkdw
hdfk vxejurxs uhfhlyhg d voljkwo| gl�huhqw ydoxdwlrq txhvwlrq1 Vxejurxs D*v
sd|phqw yhklfoh zdv dq dqqxdo yroxqwdu| sd|phqw zlwkrxw vshfl�hg wlph0
krul}rq> vxejurxs E*v sd|phqw yhklfoh zdv dq dqqxdo yroxqwdu| sd|phqw
pdgh hyhu| |hdu iru wkuhh |hduv> vxejurxs F*v sd|phqw yhklfoh zdv dq dq0
qxdo yroxqwdu| sd|phqw pdgh hyhu| |hdu iru whq |hduv dqg/ �qdoo|/ vxejurxs
G*v sd|phqw yhklfoh zdv d wd{ uhfhlsw zlwkrxw vshfl�hg wlph0krul}rq1

Ghvljqlqj wkh ydoxdwlrq txhvwlrq wklv zd| kdg wzr sxusrvhv> �uvw/ zh
zdqwhg wr whvw zkhwkhu wkh FY phwkrg lv vxvfhswleoh wr lqwhuwhpsrudo hp0
ehgglqj dqg vhfrqg/ zh zdqwhg wr h{dplqh zkhwkhu wkhuh duh gl�huhqfhv lq
wkh ZWS ghshqghqw rq wkh w|sh ri sd|phqw yhklfoh xvhg1

Lqwhuwhpsrudo hpehgglqj uhvxowv li wkh uhvsrqghqw lv lqvhqvlwlyh wr wkh
wlplqj dqg wkh iuhtxhqf| ri wkh sd|phqw reoljdwlrq1 Zkloh hfrqrplf wkhru|
grhv qrw suhglfw wkdw wkh ydoxh ri d jrrg vkrxog ghshqg rq krz riwhq rqh
kdv wr sd| iru lw/ djjuhjdwhg ZWS hvwlpdwhv fdq eh pxfk odujhu zkhq wkh
sd|phqw lv ghvfulehg dv d frqwlqxrxv/ orqj0whup frpplwphqw udwkhu wkdq d
oxps vxp ihh1 Ehfdxvh wkhuh lv qr djuhhg xsrq edvlv iru krz wr fkrrvh eh0
wzhhq d rqh0wlph sd|phqw dqg d frqwlqxrxv sd|phqw vfkhph/ wkh ydoxdwlrqv
frxog hdvlo| eh pdqlsxodwhg e| fkdqjlqj wkh sd|phqw vfkhgxoh li wkhuh lv
lqwhuwhpsrudo hpehgglqj1

Zh zhuh deoh wr whvw wkh k|srwkhvlv ri gl�huhqfhv lq phdq dqqxdo ZWS
e| frpsdulqj wkh ydoxdwlrq uhvxowlqj iurp vxevdpsoh E*v uhvsrqvh wr wkh
ydoxdwlrq txhvwlrq zlwk wkh uhvsrqvh iurp vxevdpsoh F1 Ixuwkhupruh/ lw zdv
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srvvleoh wr frpsduh wkh wlph0vshfl�hg frpplwphqwv +E dqg F, zlwk dq xq0
vshfl�hg frpplwphqw +D,1 Shuiruplqj erwk sdudphwulf dqg qrq0sdudphwulf
whvwv/ zh frxog qrw uhmhfw wkh k|srwkhvlv ri htxdolw| ri wkh phdqv1 Frqvh0
txhqwo|/ zh frqfoxgh wkdw uhvsrqghqwv gr qrw vhhp wr glvfulplqdwh ehwzhhq
gl�huhqw sd|phqw vfkhphv1

Ehfdxvh dphqlwlhv ydoxhg lq FY vxuyh|v duh qrw pdunhw jrrgv/ wkh sd|0
phqw yhklfoh xvhg lq d vxuyh| lv fkrvhq rq wkh edvlv ri uhdolvp/ l1h1 zkdw
phwkrg ri sd|phqw zrxog prvw olnho| eh xvhg li wkh dphqlw| zdv dq rugl0
qdu| pdunhw jrrg1 Lq rxu vxuyh|/ zh frqvlghuhg wkdw wzr gl�huhqw sd|phqw
yhklfohv zhuh ihdvleoh 0 d yroxqwdu| grqdwlrq dqg d wd{ sd|phqw1 Edvhg rq
uhvxowv lq hfrqrplf wkhru|/ zh whvwhg zkhwkhu wkh ZWS uhvxowlqj iurp ehlqj
dvnhg wr sd| yroxqwdulo| +D, lv vljql�fdqwo| odujhu wkdq wkh ZWS uhvxowlqj
iurp d wd{ sd|phqw +G,1

Krzhyhu/ dv wkh phdq ZWS iurp wkh wd{ yhklfoh suryhg wr eh odujhu wkdq
wkdw iurp wkh yroxqwdu| yhklfoh/ zh frxog lpphgldwho| uhmhfw wklv k|srwkhvlv1
Lq idfw/ xvlqj erwk sdudphwulf dqg qrq0sdudphwulf whvwv/ zh zhuh xqdeoh
wr ghwhfw dq| vljql�fdqw gl�huhqfhv lq wkh phdq ZWS*v uhvxowlqj iurp wkh
gl�huhqw sd|phqw prghv1 Wkhuhiruh/ zh frqfoxgh wkdw wkh uhvsrqghqwv gr
qrw glvfulplqdwh ehwzhhq gl�huhqw sd|phqw yhklfohv1

Wkh ryhudoo dqqxdo phdq dqg phgldq ZWS zhuh irxqg wr eh VHN 56;
dqg VHN 433/ uhvshfwlyho|1 Dowrjhwkhu/ wkh phgldq vhhpv wr eh d urexvw
phdvxuh ri d Vzhglvk krxvhkrog*v ZWS iru wkh suhvhuydwlrq ri wkh Diulfdq
hohskdqw1

615 Sdshu ^LL` Ghwhuplqdqwv ri Fkdulwdeoh Jlylqj1 Hy0
lghqfh iurp K|srwkhwlfdo Gdwd rq Zloolqjqhvv wr
Sd|

Wkh vhfrqg sdshu dqdo|vhv zk| shrsoh duh zloolqj wr sd| yroxqwdulo| iru hoh0
skdqw surwhfwlrq1 Wkh sxusrvh lv wr h{dplqh zkhwkhu wkh idfwruv frqwulexwlqj
wr wkh ghflvlrq wr jlyh dw wkh h{whqvlyh pdujlq +zkhwkhu wr jlyh ru qrw, duh
gl�huhqw iurp wkh idfwruv lq xhqflqj wkh ghflvlrq wr jlyh dw wkh lqwhqvlyh

pdujlq +krz pxfk wr jlyh,1
Ghulyhg iurp xwlolw| wkhru|/ d wzr0vwhs prgho lv irupxodwhg lq zklfk wkh

krxvhkrog �uvw idfhv wkh glfkrwrprxv fkrlfh ehwzhhq jlylqj dqg qrw jlylqj
dqg wkhq/ frqwlqjhqw rq wkh ghflvlrq wr jlyh/ idfhv wkh ghflvlrq ri krz pxfk
wr jlyh1 Wkh prgho lv vxevhtxhqwo| hvwlpdwhg xvlqj Khfnpdq*v wzr0vwhs hv0
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wlpdwru +Khfnpdq/ 4<:<,/ zkhuh d surelw prgho lv hvwlpdwhg iru wkh ghflvlrq
wr jlyh dqg d olqhdu uhjuhvvlrq prgho iru wkh vl}h ri wkh grqdwlrq1 Zh xvh
wkh vdph vhw ri uhjuhvvruv lq erwk prghov/ h{fhsw iru wkh Khfnpdq fruuhfwlrq
whup wkdw lv dgghg wr wkh uhjuhvvlrq prgho1

Vljql�fdqw ghwhuplqdqwv ri wkh ghflvlrq wr jlyh lqfoxgh krxvhkrog lqfrph
dqg phpehuvkls lq hqylurqphqwdo rujdqlvdwlrqv1 Ghwhuplqdqwv ri wkh vl}h
ri wkh grqdwlrq duh/ dprqj rwkhuv/ wkh uhvsrqghqw*v djh dqg zkhwkhu wkh
uhvsrqghqw kdg ylvlwhg Diulfd sulru wr uhfhlylqj wkh txhvwlrqqdluh1 Zlwk rqh
h{fhswlrq +wkh phpehuvkls gxpp| yduldeoh,/ wkh ghwhuplqdqwv vljql�fdqw iru
wkh ghflvlrq wr jlyh duh qrw wkh vdph dv wkh ghwhuplqdqwv vljql�fdqw iru wkh
ghflvlrq ri krz pxfk wr jlyh1 Iru lqvwdqfh/ krxvhkrog lqfrph lv d vljql�fdqw
ghwhuplqdqw ri wkh ghflvlrq wr jlyh/ exw lw lv lqvljql�fdqw iru wkh vl}h ri wkh
grqdwlrq1 Pruhryhu/ wkh Khfnpdq fruuhfwlrq sdudphwhu lv lqvljql�fdqw lq
wkh olqhdu uhjuhvvlrq sduw ri wkh prgho1

Zh whvw wkh dvvxpswlrq ri elyduldwh qrupdolw| ehwzhhq wkh wzr ghflvlrqv
e| xvlqj d phwkrg ghylvhg e| Sdjdq dqg Yhood +4<;<,1 Ehfdxvh zh duh xqdeoh
wr uhmhfw wkh dvvxpswlrq ri elyduldwh qrupdolw|/ wkh prgho*v dssursuldwhqhvv
lv hqkdqfhg1 Jlyhq elyduldwh qrupdolw|/ wkh lqvljql�fdqfh ri Khfnpdq*v fru0
uhfwlrq whup lqglfdwhv wkdw wkh glvfuhwh dqg frqwlqxrxv sduwv ri wkh prgho
pd| eh hvwlpdwhg vhsdudwho|/ zklfk/ lq wxuq/ lpsolhv wkdw wkh ghflvlrq wr jlyh
dw wkh h{whqvlyh pdujlq lv lqghshqghqw ri wkh ghflvlrq wr jlyh dw wkh lqwhqvlyh
pdujlq1

Krzhyhu/ zkhq hvwlpdwlqj wkh gl�huhqw surfhvvhv vhsdudwho|/ vljql�fdqw
khwhurvfhgdvwlflw| lv irxqg lq wkh olqhdu uhjuhvvlrq prgho1 Wklv lqglfdwhv
wkdw wkh wzr0sduw Khfnpdq prgho/ zklfk lv lqkhuhqwo| khwhurvfhgdvwlf +fi1
Juhhqh/ 4<<6/ fk1 55,/ lv wkh pruh dssursuldwh fkrlfh ri prgho/ hyhq wkrxjk
wkh fruuhfwlrq whup suryhg wr eh lqvljql�fdqw1

Ryhudoo/ ehfdxvh wkh ghwhuplqdqwv ri jlylqj wr hohskdqw surwhfwlrq duh
uhdvrqdeoh/ wkh uholdelolw| ri wkh FY ehqh�w hvwlpdwhv ri sdshu ^L` lv hqkdqfhg1

616 Sdshu ^LLL` Xvlqj Prgdo Shufhswlrqv wr Ghwhuplqh
Zrun Wuls Wudyho Prgh

Wkh wklug sdshu lq wklv wkhvlv lv edvhg rq d uhyhdohg dqg vwdwhg suhihuhqfh
pdlo vxuyh|1 D txhvwlrqqdluh +zlwk rqh uhplqghu, zdv vhqw wr 7;3 udqgrpo|
vhohfwhg uhvlghqwv ri wzr Vzhglvk pxqlflsdolwlhv +Eruoçqjh dqg Idoxq,/ djhg
ehwzhhq 69 dqg 88 |hduv/ gxulqj Ghfhpehu 4<<: 0 Mdqxdu| 4<<;1 Wkh ryhu0
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doo uhvsrqvh udwh zdv 991; shufhqw1 Lq dgglwlrq wr vrflr0hfrqrplf txhvwlrqv
dqg txhvwlrqv uhjduglqj wkh uhvsrqghqw*v dfwxdo zrun wuls wudyho prgh/ wkh
txhvwlrqqdluh frqwdlqhg txhvwlrqv derxw wkh uhvsrqghqw*v dowhuqdwlyh wudyho
prghv1 Wkh h{shulphqwdo VS ghvljq xvhg zdv frqvwuxfwhg e| vhohfwlqj wkh
vpdoohvw ruwkrjrqdo pdlq h�hfwv sodq iurp wkh ixoo idfwruldo wkurxjk eorfn0
lqj1 Frqvhtxhqwo|/ zh duh deoh wr hvwlpdwh doo pdlq h�hfwv/ exw qrqh ri wkh
lqwhudfwlrq h�hfwv1 Wkh wzr VS txhvwlrqv zhuh lq wkh irup ri vwdwhg fkrlfh
zkhuh wkh uhvsrqghqw pdgh sdluzlvh frpsdulvrqv ehwzhhq dowhuqdwlyhv dqg
fkrvh wkh suhihuuhg rqh1

Edvhg rq wkh gdwd iurp wkh vwdwhg fkrlfh h{shulphqw/ zh hvwlpdwh vwdq0
gdug dqg udqgrp sdudphwhuv orjlw prghov ri frppxwhuv* fkrlfh ri wudyho
prgh1 Wkh fkrlfhv duh h{sodlqhg e| wkh lqglylgxdo*v shufhswlrqv ri irxu
prgdo dwwulexwhv> wlph/ frvw/ vdihw| dqg hqylurqphqwdo iulhqgolqhvv ru  h{l0
elolw|1 Ghshqglqj rq wkh dwwulexwhv hydoxdwhg e| wkh uhvsrqghqw/ wkh vdpsoh
zdv glylghg lqwr dq hqylurqphqwdo iulhqgolqhvv dqg d  h{lelolw| vxevdpsoh1
Wkh uhvsrqghqwv* suhihuhqfhv zhuh holflwhg e| d qryho dssurdfk lq zklfk wkh
qdphv ri wzr prghv +dxwr dqg exv, zhuh xvhg dv dwwulexwh ohyhov lqvwhdg
ri remhfwlyh ohyhov1 Edvhg rq wkh uhvsrqghqwv* uhyhdohg suhihuhqfhv/ zh lq0
ihu �shufhswlrqv0edvhg� uhdo ydoxhv iru wkh wlph dqg frvw dwwulexwhv1 Lq wkh
hvwlpdwlrq wkh lqihuuhg ydoxhv duh xvhg wrjhwkhu zlwk wkh shufhswlrqv ri wkh
rwkhu dwwulexwhv1 Iurp wkh hvwlpdwhg prgho zh ghulyh d ydoxh ri wlph iru
zrun wulsv dqg d prqhwdu| ydoxh iru vdihw| lpsuryhphqwv/ l1h1 wkh ydoxh ri
vwdwlvwlfdo olih1 Wkh ydoxh ri wlph lv irxqg wr eh dssur{lpdwho| VHN 73 shu
krxu dqg d orzhu erxqg iru wkh ydoxh ri vwdwlvwlfdo olih lv irxqg wr eh VHN
716 ploolrq1 Wlph vdylqjv dqg vdyhg vwdwlvwlfdo olyhv duh wkh pdmru ehqh�wv lq
surmhfw hydoxdwlrqv ri wkh Vzhglvk Qdwlrqdo Urdg Dgplqlvwudwlrq +VQUD,1
Zkhuhdv wkh VQUD xvh ydoxhv ghulyhg iurp vhsdudwh vwxglhv/ zh hvwlpdwh
wkh ydoxhv lq wkh vdph prgho1

617 Sdshu ^LY` Zkdw Ghwhuplqhv wkh Qxpehu ri Do0
whuqdwlyh Wudyho Prghv iru Zrun WulsvB

Lq wkh irxuwk sdshu/ zh xvh gdwd iurp wkh VS vxuyh| ghvfulehg lq Sdshu ^LLL`
dqg hvwlpdwh wzr gl�huhqw frxqw gdwd prghov lq rughu wr h{sodlq wkh lqgl0
ylgxdo*v qxpehu ri dowhuqdwlyh wudyho prghv iru zrun wulsv1 Iluvw/ d Srlvvrq
prgho lv hvwlpdwhg dqg wkhq/ lq rughu wr doorz iru ghsduwxuhv iurp wkh Srlv0
vrq dvvxpswlrq ri htxlglvshuvhg gdwd/ d sro|qrpldo Srlvvrq prgho ri rughu
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4 +SS4,1 Ehfdxvh wkh SS4 prgho frxog qrw lpsuryh wkh Srlvvrq prgho/ dq
ruglqdu| Srlvvrq prgho lv irxqg dssursuldwh1 Rqo| wkh uhvsrqghqw*v lqfrph
dqg glvwdqfh wr wkh zrunsodfh fdq eh vkrzq wr kdyh vljql�fdqw lpsdfw rq wkh
qxpehu ri dowhuqdwlyh wudyho prghv iru zrun wulsv/ zkhuh lqfuhdvhv lq lqfrph
dqg ghfuhdvhv lq glvwdqfh lqfuhdvhv wkh qxpehu ri dowhuqdwlyhv1

Lq hfrqrplf wudqvsruwdwlrq uhvhdufk/ wkh ydoxh ri wlph lv iuhtxhqwo| hvwl0
pdwhg e| xvlqj udqgrp xwlolw| prghov1 Lq vxfk prghov rqo| wkrvh wkdw duh
qrw �fdswlyhv� wr wkhlu fkrvhq prgh/ l1h1 uhvsrqghqwv zlwk rqh ru pruh dowhu0
qdwlyh wudyho prghv lq wkhlu fkrlfh vhwv/ duh lqfoxghg lq wkh hvwlpdwlrqv +lq
rxu vdpsoh derxw rqh0wklug ri wkh uhvsrqghqwv zhuh fdswlyhv,1 Rxu uhvxowv
lpso| wkdw shrsoh zlwk orzhu lqfrphv kdyh ihzhu dowhuqdwlyhv/ zklfk phdqv
wkdw wkh| duh pruh olnho| wr eh h{foxghg iurp wkh ydoxh ri wlph hvwlpdwlrqv1
Li shrsoh zlwk orzhu lqfrphv kdyh orzhu ydoxhv ri wlph/ wkh ydoxh ri wlph
ghulyhg iurp udqgrp xwlolw| prghov lv olnho| wr eh ryhuhvwlpdwhg1
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Uhihuhqfhv

Dfwrq M1 S1 +4<:6,= �Hydoxdwlqj Sxeolf Surjudpv wr Vdyh Olyhv= Wkh Fdvh ri
Khduw Dwwdfnv�1 Uhvhdufk Uhsruw U0<830UF/ Udqg Frusrudwlrq/ Vdqwd
Prqlfd

Dgdprzlf} Z1/ M1 Orxylhuh dqg P1 Zlooldpv +4<<7,= �Frpelqlqj Uhyhdohg
dqg Vwdwhg Suhihuhqfh Phwkrgv iru Ydoxlqj Hqylurqphqwdo Dphqlwlhv�1
Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg Pdqdjhphqw/ 59/ 5:405<5

Duurz N1 M1/ U1 P1 Vrorz/ S1 U1 Sruwqh|/ H1 H1 Ohdphu/ U1 Udgqhu dqg K1
Vfkxpdq +4<<6,= �Uhsruw ri wkh QRDD Sdqho rq Frqwlqjhqw Ydoxd0
wlrq�1 Ihghudo Uhjlvwhu/ 8;/ 793407947

Elvkrs U1 F1 dqg W1 D1 Khehuohlq +4<:<,= �Phdvxulqj Ydoxhv ri H{wud0Pdunhw
Jrrgv= Duh Lqgluhfw Phdvxuhv EldvhgB�1 Dphulfdq Mrxuqdo ri Djul0

fxowxudo Hfrqrplfv/ 94+8,/ <590<63
Erpdq P1 dqg J1 Ervwhgw +4<<8,= �Ydoxlqj wkh Zroi lq Vzhghq= Duh Ehqh0

�wv Frqwlqjhqw Xsrq wkh Vxsso|B� lq P1 Erpdq= Wkuhdwhqhg Vshflhv

dv d sduw ri wkh Elrglyhuvlw| dqg Pxowlsoh Xvh ri Iruhvwv1 Dq Hfr0

qrplf Dqdo|vlv1 Ghsduwphqw ri Iruhvw Hfrqrplfv/ Vzhglvk Xqlyhuvlw|
ri Djulfxowxudo Vflhqfhv/ Uhsruw 445

Er{ J1 H1 S1/ Z1 J1 Kxqwhu dqg M1 V1 Kxqwhu +4<:;,= Vwdwlvwlfv iru H{0

shulphqwhuv1 Dq Lqwurgxfwlrq wr Ghvljq/ Gdwd Dqdo|vlv/ dqg Prgho

Exloglqj1 Mrkq Zloh| ) Vrqv/ Qhz \run
Er|oh N1 M1/ Z1 K1 Ghvyrxvjhv/ I1 Uhhg Mrkqvrq/ U1 Z1 Gxqirug dqg V1

S1 Kxgvrq +4<<7,= �Dq Lqyhvwljdwlrq ri Sduw0Zkroh Eldvhv lq Frq0
wlqjhqw Ydoxdwlrq Vwxglhv�1 Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg

Pdqdjhphqw/ 5:+4,/ 970;6
Eudgirug G1 I1 +4<:3,= �Ehqh�w0Frvw Dqdo|vlv dqg Ghpdqg Fxuyhv iru Sxeolf

Jrrgv�1 N|norv/ 56/ ::80:<4
Fluldf|0Zdqwuxs V1 +4<7:,= �Fdslwdo Uhwxuqv iurp Vrlo Frqvhuydwlrq Sur0

judpv�1 Mrxuqdo ri Idup Hfrqrplfv/ 5</ 44;4044<9
Fxpplqjv U1 J1/ G1 V1 Eurrnvkluh dqgZ1 G1 Vfkxo}h +Hgv1, +4<;9,= Ydoxlqj

Hqylurqphqwdo Jrrgv1 Dq Dvvhvvphqw ri wkh Frqwlqjhqw Ydoxdwlrq

Phwkrg1 Vdydjh/ Pdu|odqg
Gdylv U1 N1 +4<96,= �Uhfuhdwlrq Sodqqlqj dv dq Hfrqrplf Sureohp�1 Qdwxudo

Uhvrxufhv Mrxuqdo/ 6+5,/ 56<057<
Juhhq G1/ N1 H1 Mdfrzlw}/ G1 Ndkqhpdq dqg G1 PfIdgghq +4<<;,= �Uhi0

huhqgxp Frqwlqjhqw Ydoxdwlrq/ Dqfkrulqj dqg Zloolqjqhvv wr Sd| iru
Sxeolf Jrrgv�1 Uhvrxufh dqg Hqhuj| Hfrqrplfv/ 53/ ;80449
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Juhhq S1 H1 dqg Y1 Vulqlydvdq +4<:;,= �Frqmrlqw Dqdo|vlv lq Frqvxphu Uh0
vhdufk= Lvvxhv dqg Rxworrn�1 Mrxuqdo ri Frqvxphu Uhvhdufk/ 8/ 4360
456

Juhhq S1 H1 dqg Y1 Vulqlydvdq +4<<3,= �Frqmrlqw Dqdo|vlv lq Pdunhwlqj Uh0
vhdufk= Qhz Ghyhorsphqwv dqg Gluhfwlrqv�1 Mrxuqdo ri Pdunhwlqj/
87+7,/ 604<

Juhhqh Z1 K1 +4<<6,= Hfrqrphwulf Dqdo|vlv1 5qg hglwlrq/ Pdfploodq/ Qhz
\run

Kdoyruvhq E1/ M1 Vwudqg/ N1 Véohqvplqgh dqg I1 Zhqvwûs +4<<9,= �Frpsdu0
lqj Frqwlqjhqw Ydoxdwlrq/ Frqmrlqw Dqdo|vlv dqg Ghflvlrq Sdqhov= Dq
Dssolfdwlrq wr wkh Ydoxdwlrq ri Uhgxfhg Gdpdjhv iurp Dlu Srooxwlrq
lq Qruzd|�1 Phprudqgxp iurp Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw|
ri Rvor/ Qr1 6:

Kdppdfn M dqg J1 P1 Eurzq/ Mu1 +4<:7,= Zdwhuirzo dqg Zhwodqgv= Wr0

zdug Elrhfrqrplf Dqdo|vlv1 Wkh Mrkq Krsnlqv Xqlyhuvlw| Suhvv iru
Uhvrxufhv iru wkh Ixwxuh/ Edowlpruh

Kdqhpdqq P1 Z1 +4<;7,= �Zhoiduh Hydoxdwlrqv lq Frqwlqjhqw Ydoxdwlrq H{0
shulphqwv zlwk Glvfuhwh Uhvsrqvhv�1 Dphulfdq Mrxuqdo ri Djulfxowxudo

Hfrqrplfv/ 99/ 6650674
Kdqoh| Q1 dqg F1 O1 Vsdvk +4<<6,= Frvw0Ehqh�w Dqdo|vlv dqg wkh Hqylurq0

phqw1 Hgzdug Hojdu
Kdqoh| Q1/ G1 PdfPloodq/ U1 H1 Zuljkw/ F1 Exoorfn/ L1 Vlpsvrq/ G1 Sduvlvvrq

dqg E1 Fudewuhh +4<<;,= �Frqwlqjhqw Ydoxdwlrq Yhuvxv Fkrlfh H{shu0
lphqwv= Hvwlpdwlqj wkh Ehqh�wv ri Hqylurqphqwdoo| Vhqvlwlyh Duhdv lq
Vfrwodqg�1 Mrxuqdo ri Djulfxowxudo Hfrqrplfv/ 7<+4,/ 4048

Khfnpdq M1 M1 +4<:<,= �Vdpsoh Vhohfwlrq Eldv dv d Vshfl�fdwlrq Huuru�1
Hfrqrphwulfd/ 7:/ 4860494

Khqvkhu/ G1 D1 +4<<7,= �Vwdwhg Suhihuhqfh Dqdo|vlv ri Wudyho Fkrlfhv= Wkh
Vwdwh ri Sudfwlfh�1 Wudqvsruwdwlrq/ 54/ 43:0466

Mrkqvrq I1 U1 dqg Z1 K1 Ghvyrxvjhv +4<<:,= �Hvwlpdwlqj Vwdwhg Suhihuhqfhv
zlwk Udwhg0Sdlu Gdwd= Hqylurqphqwdo/ Khdowk/ dqg Hpsor|phqw Hi0
ihfwv ri Hqhuj| Surjudpv�1 Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg

Pdqdjhphqw/ 67/ :<0<<
Ndjho M1 K1 dqg D1 H1 Urwk +Hgv1, +4<<8,= �Wkh Kdqgerrn ri H{shulphqwdo

Hfrqrplfv�1 Sulqfhwrq Xqlyhuvlw| Suhvv
Ndkqhpdq G1 dqg M1 Nqhwvfk +4<<5,= �Ydoxlqj Sxeolf Jrrgv= Wkh Sxufkdvh

ri Prudo Vdwlvidfwlrq�1 Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg Pdq0

djhphqw/ 55/ 8:0:3
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Orxylhuh M1 M1 dqg K1 Wlpphupdqv +4<<3,= �Vwdwhg Suhihuhqfh dqg Fkrlfh
Prghov Dssolhg wr Uhfuhdwlrqdo Uhvhdufk�1 Ohlvxuh Vflhqfhv/ 45/ <065

Plwfkhoo U1 F1 dqg U1 W1 Fduvrq +4<;<,= Xvlqj Vxuyh|v wr Ydoxh Sxeolf

Jrrgv1 Wkh Frqwlqjhqw Ydoxdwlrq Phwkrg1 Uhvrxufhv iru wkh Ixwxuh/
Zdvklqjwrq G1F1

R*Frqru U1 P1/ P1 Mrkdqqhvvrq dqg S0R Mrkdqvvrq +4<<<,= �Vwdwhg Suhi0
huhqfhv/ Uhdo Ehkdylrxu dqg Dqfkrulqj= Vrph Hpslulfdo Hylghqfh�1
Hqylurqphqwdo dqg Uhvrxufh Hfrqrplfv/ 46/ 568057;

Sdjdq D1 dqg I1 Yhood +4<;<,= �Gldjqrvwlf Whvwv iru Prghov Edvhg rq Lqgl0
ylgxdo Gdwd= D Vxuyh|�1 Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 7/ V5<0V8<

Udqgdoo D1/ E1 F1 Lyhv dqg F1 Hdvwpdq +4<:7,= �Elgglqj Jdphv iru Ydoxdwlrq
ri Dhvwkhwlf Hqylurqphqwdo Lpsuryhphqwv�1 Mrxuqdo ri Hqylurqphqwdo

Hfrqrplfv dqg Pdqdjhphqw/ 4/ 465047<
Ulgnhu U1 J1 +4<9:,= Hfrqrplf Frvwv ri Dlu Srooxwlrq1 Suhdjhu/ Qhz \run
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