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Outline of Presentation

✔ Introduction to Real Options in PF&I

✔ An Optional Walk Through the Life Cycle
– The Trivial, The Obvious and The Complex

✔ Case Study:  Option To Take A Pension
– When to delay purchasing a life annuity.

– Modeling and valuation issues.

✔ Summary and Conclusion
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Real Options

✔ “...Every project competes with itself
delayed in time…”

✔ Flexibility has strategic value.

✔ Discounted Cash-Flow (DCF) analysis
ignores the option value to wait.

✔ The Net Present Value (NPV) rule assumes
the project is reversible.
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Real Options in PF&I:
What are the characteristics?

✔ Real versus Financial

✔ Corporate versus Personal

✔ Traded versus Inseparable

✔ Information Asymmetry

✔ Adverse Selection

✔ Can they be valued?
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Education and Option to Expand

✔ Undergraduate students must choose a
college major early in their (academic) life.

✔ The wrong major eliminates, or greatly
reduces, certain career opportunities.

✔ There is an option to expand that comes
with choosing a flexible major, even at the
expense of lost wages and more time.

✔ I think Math Majors are the best! (Biased)
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Marriage: The Option to Delay

✔ These ‘projects’ are mutually exclusive.

✔ The costs incurred, when trying to reverse
or abandon the initial investments, are high.

✔ What are the probabilities of locating a
better ‘project’ within specified time frame?

✔ Empirical evidence that delay is correlated
with the availability of competing
‘projects’.
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Housing and Mortgages

✔ The transaction costs and frictions
associated with selling (or buying) a house
can be substantial and time consuming.

✔ It provides an incentive to delay purchases.

✔ Rent vs. Buy comparison should account for
all the real options in the two choices..

✔ Floating rate ‘open’ mortgages contain the
embedded option to ‘lock in’ at any time.
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Variable Annuities
✔ Investment gains are tax deferred. In

addition, the contract contains a put option.

✔ If you die and the contract is ‘under water’
the insurance company refunds the loss to
your estate or beneficiary.

✔ This is known as the Guaranteed Minimum
Death Benefit (or GMDB), which can be a
valuable option.

✔ You pay with higher expenses (M&E fee)
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VA: The Option to Lapse

✔ The GMDB option value moves in and out
of the money, depending on the
performance of the sub-accounts.

✔ If the account value increases substantially,
it may be optimal to ‘lapse’ and then buy a
similar contract to re-establish the basis of
the guarantee. (a.k.a. 1035 exchange, IRC)

✔ But, with DSC, when should you Lapse?
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When is the optimal time to lapse?

Time

Old Guarantee

New Guarantee
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Real Option in Life Insurance

✔ Guaranteed insurability is an option.

✔ Term versus whole-life policy.

✔ Should you convert to a cash value (fixed
premium) policy, or should your retain the
option to convert later?

✔ Estate taxes may decline in the future, and
you tastes for bequest might change as well.
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Long-Term Care Insurance

✔ The earlier in life you buy the policy, the
cheaper the periodic premiums.

✔ This is an argument to buy at 40 vs. 60.

✔ But:
– Better coverage might appear in the future.

– Today’s policy might rise in price.

– The healthcare system might improve.
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Pensions and RRSP Savings

✔ Savings: qualified or outside the shelter?

✔ Should you contribute now or later?

✔ In some jurisdictions (U.S.) there is a
penalty for early withdrawal.

✔ The high return from matching
contributions may not exceed the lost option
value to delay.

✔ Options in converting from DB to DC.
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Option to Work and Retire

✔ Once retired it is difficult to return to the
labor force and continue working.

✔ A classical economic model compares
utility of income with disutility from work.
Accordingly, you retire when the later is
greater than the former.

✔ However, it might be optimal to delay
retirement until you are absolutely sure the
option has no value.
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Option to Start a Pension

✔ The lifetime annuity is non-reversible, but
can always be delayed.

✔ The benefit is protection against longevity
risk, the cost is the loss of liquidity.

✔ When is the optimal time to exercise this
option?

✔ Detailed analysis in the Case Study
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The Final Abandonment Option

✔ SUICIDE:

✔ A rational look at an irrational act.

✔ The NPV of future lifetime utility must be
negative, by at least the option value.
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Case Study: Annuitization

✔ At retirement, most people must decide how
much of their liquid wealth should be
voluntarily annuitized.

✔ Few people choose to buy life annuities,
despite the strong theoretical reasons for
full annuitization.

✔ The decision is irreversible, can always be
delayed and therefore contains an option.
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– Straight Life, Joint-life, or Last survivor

– Substandard or impaired health

– Indexed or Variable

✔ Pros:
– guaranteed income for life

– longevity insurance, protection

✔ Cons:
– non-reversible purchase

– nothing for the estate

Types of Immediate Life Annuity:
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You Are 65 Years Old:
How Long Will You Live?

Source: Statistics Canada 1995/1996 Health Tables

Live to Age: Female: Male:
70 94.0% 89.2%
75 85.5% 75.1%
80 73.4% 57.6%
85 56.6% 38.2%
90 35.9% 20.1%
95 18.6% 7.5%
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Buy IA

Bequest Motives

Probability of
Consumption 
Shortfall

Avoid IA
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Life Annuity Quotes: Male
Per $100,000 Purchase (Zero Guarantee)

InsCo 60 65 70 75 80
A. 665 741 849 1,002 1,222
B. 650 706 778 890 1,050
C. 679 772 891 1,042
D. 675 752 864 1,026
E. 667 738 834 983 1,194
F. 646 716 816 958 1,160

Source: CANNEX, April 4, 2001
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Life Annuity IRR: 1984 - 2000
Canadian: Age 65 (Source: CANNEX)
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Immediate Life Annuity Pricing
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“..Price is equal to actuarial present value
multiplied by a load factor...”
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Can you ‘beat’ the rate of return
from a life annuity?
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…when the actuarial load and 
the interest rate are constant.
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Numerical Example:
How To Beat a Life Annuity

Age Death Probability Required Return

55 2.26/1000 6.2%

65 5.76/1000 6.6%

75 16.34/1000 7.8%

85 54.05/1000 12.1%

90 95.84/1000 17.2%

Assumptions: R=6%, load=0%, IAM1996 Table
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Age

Your wealth under a
do-it-yourself strategy

The price of
a life annuity

Copyright © 2001 by  M.A. Milevsky

Model for the Option Value
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Maximize Utility of Consumption
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Value of option to wait one year.

Age (Male) β = 3 β = 2
60 2.33% 4.92%
65 2.04% 4.70%
70 1.52% 4.25%
75 0.71% 3.58%
80 Negative 2.44%
85 Negative 0.67%

Assumptions: PowerUtility, Lognormal Assets,
(µ=12%, σ=20%, r=6%), IAM2000 Table



Copyright © 2001 by:  M.A. Milevsky

16

Copyright © 2001 by  M.A. Milevsky

What asset class should you select,
while you are waiting to annuitize?
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Conclusion: Life Annuity

✔ The decision is irreversible.

✔ Do not buy it too early, since you are
losing the option to buy it later.

✔ Do-it-yourself and-then-switch gives the
best odds of success.

✔ Later in life (80+), the return from life
annuities are very high.
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Real Options in PF&I:
Lessons Beyond the Numbers
✔ Look around you: options are everywhere.

✔ A precise value is impossible to obtain.

✔ Don’t give for free: rationality is increasing.

✔ Ask yourself: What does it cost to reverse?

✔ The Knowledge is the Option:
– I will learn more…by tomorrow.
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How to Reach Me:

✔ milevsky@yorku.ca

✔ Tel: (416) 736-2100 ext: 66014

✔ Fax: (416) 736-5487

www.yorku.ca/milevsky
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phhwlqj ri wkh Dphulfdq Hfrqrplfv Dvvrfldwlrq lq Qhz Ruohdqv1



Devwudfw

Wkh dfdghplf olwhudwxuh frqwlqxhv wr sx}}oh ryhu wkh h{wuhpho| orz ohyhov ri yroxqwdu| dqqxlwl}dwlrq

dprqjvw wkh hoghuo|1 Wklv skhqrphqrq lv lqfrqvlvwhqw zlwk d vwulfw lqwhusuhwdwlrq ri wkh Prgljoldql

olih0f|foh k|srwkhvlv/ dv ruljlqdoo| ghyhorshg e| \ddul +4<98,1 Dowkrxjk pdq| sodxvleoh h{sodqdwlrqv

kdyh ehhq vxjjhvwhg wr uhfrqfloh wkhru| dqg sudfwlfh/ qrqh vhhp wr frqwdlq dq| uljrurxv qrupdwlyh

dgylfh rq zkhq h{dfwo| rqh vkrxog dqqxlwl}h1

Lq frqwudvw wr suhylrxv wklqnlqj ~ dqg prwlydwhg e| wkh �qdqfldo ghulydwlyh olwhudwxuh ~ wklv

sdshu irfxvhv dwwhqwlrq rq wkh Uhdo Rswlrq hpehgghg lq wkh ghflvlrq wr dqqxlwl}h1 Lqghhg/ d �{hg

olih dqqxlw| lv d surmhfw zlwk d srvlwlyh qhw0suhvhqw ydoxh +QSY, zkhq frpsduhg wr pdlqwdlqlqj

oltxlg zhdowk lq wkh ulvn iuhh dvvhw1 Krzhyhu/ wklv surmhfw vkrxog qhyhuwkhohvv eh ghihuuhg/ vlqfh wkh

rswlrq wr zdlw kdv ydoxh1 Wklv uhvxow lv gulyhq e| wkh frpsohwh luuhyhuvlelolw| ri wkh olih dqqxlw|
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fodvv1 Pruhryhu/ lqglylgxdov zlwk kljkhu ulvn wrohudqfh dqg juhdwhu khdowk dv|pphwu| duh hqgrzhg

zlwk dq hyhq odujhu rswlrq ydoxh wr zdlw1
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qdwlyh lqyhvwphqwv1 Wkh uhgxfhg |lhog zdv odujho| dwwulexwhg wr dfwxduldo ordgv dqg sur�wv/ zklfk
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wkh dfwxdo ghvljq ri dqqxlwlhv lpshgh ixoo dqqxlwl}dwlrq1 Rqh fdq qrw rewdlq d olih dqqxlw| wkdw

surylghv duelwudu| sd|phqwv frqwlqjhqw rq vxuylydo/ zklfk zrxog eh glfwdwhg e| d \ddul +4<98,

prgho1 Wkh| pxvw eh hlwkhu �{hg +lq qrplqdo ru uhdo whupv, ru yduldeoh +olqnhg wr dq lqgh{,1 Wklv

frqvwudlqw irufhv frqvxphuv wr krog erwk pdunhwdeoh zhdowk dqg dqqxlwlhv1 Lq uhodwhg uhvhdufk/

Plohyvn| +4<<;, frpsxwhg wkh suredelolw| ri vxffhvv iurp plplfnlqj wkh frqvxpswlrq iurp d �{hg

lpphgldwh dqqxlw| dqg lqyhvwlqj wkh edodqfh1 Klv dujxphqw zdv wkdw wkhuh lv d ckljk suredelolw|*

wkdw htxlwlhv zloo rxwshuirup �{hg lpphgldwh dqqxlwlhv/ xqwlo odwh lq olih1 Krzhyhu/ kh glg qrw

dgguhvv wkh pd{lpl}dwlrq ri xwlolw|/ qru wkh rswlrq ydoxh hpehgghg lq wkh ghflvlrq wr dqqxlwl}h1

Lq vxppdu|/ pdq| h{sodqdwlrqv h{lvw iru zk| shrsoh gr qrw dqqxlwl}h ixuwkhu zhdowk1 Dowkrxjk

wkhvh mxvwl�fdwlrqv kdyh h{sodqdwru| srzhu/ wkh| idlo wr surylgh dgylfh rq rswlpdo surgxfw ghvljq

dv zhoo dv qrupdwlyh vwudwhjlhv iru wkh hoghuo|1 Ixuwkhupruh/ wkh| fdq qrw dffrxqw iru wkh fdvxdo

revhuydwlrq wkdw prvw shrsoh vkxq olih dqqxlwlhv/ vlpso| ehfdxvh wkh| zdqw wr cpdlqwdlq frqwuro* ri

wkhlu dvvhwv1

Lq wklv sdshu zh lqwhqg wr sxuvxh d voljkwo| gl�huhqw dssurdfk wr wkh lvvxh/ dqg dwwhpsw dqrwkhu

vroxwlrq wr wkh sx}}oh1 Vshfl�fdoo| ~ dqg prwlydwhg e| wkh �qdqfldo rswlrq sulflqj sdudgljp

~ zh zrxog olnh wr irfxv dwwhqwlrq rq wkh Uhdo Rswlrq2 hpehgghg lq wkh ghflvlrq wr dqqxlwl}h1

Khxulvwlfdoo|/ gxh wr wkh luuhyhuvlelolw| ri dqqxlwl}dwlrq/ wkh ghflvlrq wr sxufkdvh d olih dqqxlw| lv

dnlq wr h{huflvlqj dq Dphulfdq0vw|oh pruwdolw|0frqwlqjhqw fodlp1 Lw lv rqo| rswlpdo wr gr vr zkhq

wkh uhpdlqlqj wlph ydoxh ri wkh rswlrq ehfrphv zruwkohvv1 Rswlrqv ghulyh wkhlu ydoxh iurp wkh

yrodwlolw| ri wkh xqghuo|lqj vwdwh yduldeohv1 Wkhuhiruh/ li rqh dffrxqwv iru ixwxuh pruwdolw| dqg

lqyhvwphqw xqfhuwdlqw|/ wkh hpehgghg rswlrq surylghv dq lqfhqwlyh wr ghod| dqqxlwl}dwlrq xqwlo wkh

rswlrq ydoxh kdv ehhq holplqdwhg1 Wkh rswlrq lv uhdo lq wkh vhqvh wkdw lw lv qrw gluhfwo| vhsdudeoh

ru wudghdeoh1

Lqghhg/ dv \ddul +4<98,/ dqg pdq| rwkhuv/ kdyh looxvwudwhg/ wkh dydlodelolw| ri d +idlu, olih dqqxlw|

uhod{hv wkh exgjhw frqvwudlqw zklfk wkhq lqgxfhv juhdwhu frqvxpswlrq dqg xwlolw|1 Wkhuhiruh/ doo

2 ì @hi �t�?} |�i |ih4 +i@* �T|�L? �? |�i TihtL?@*c @t LTTLti_ |L ULhTLh@|i �?@?Uic ti?ti� 5|h�U|*) tTi@!�?}c
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hovh ehlqj htxdo/ wkh frqvxphu dqqxlwl}hv zhdowk dv vrrq dv kh ru vkh lv jlyhq wkh +idlu, rssruwxqlw|

wr gr vr1 Krzhyhu/ wkhvh fodvvlfdo dujxphqwv duh suhglfdwhg rq wkh h{lvwhqfh ri rqo| rqh �qdqfldo

dvvhw/ cr�* zklfk wkh dqqxlwlhv +dfwxduldo qrwhv, duh sulfhg1 Wklv iudphzrun gh idfwr dvvxphv

wkdw wkh exgjhw frqvwudlqw zloo qrw lpsuryh ryhu wlph1 Krzhyhu/ lq sudfwlfh/ d ulvn| dvvhw lv dq

dowhuqdwlyh wr wkh ulvn iuhh lqyhvwphqw/ dqg e| wdnlqj d fkdqfh lq wkh ulvn| dvvhw/ wkh ixwxuh exgjhw

frqvwudlqw pd| lpsuryh1 Lq rwkhu zrugv/ lw pljkw eh zruwk zdlwlqj/ vlqfh wrpruurzv exgjhw

frqvwudlqw pd| doorz iru d odujhu dqqxlw| �rz dqg juhdwhu xwlolw|1 Lq wkh phdqwlph/ ri frxuvh/

wkh lqglylgxdo lv dvvxphg wr zlwkgudz frqvxpswlrq iurp oltxlg zhdowk/ vr dv wr plplf wkh olih

dqqxlw|�1 Lq idfw/ zkhq wkh yrodwlolw| lq rxu prgho lv vhw htxdo wr }hur/ wkh rswlrq wr ghod| kdv

qr ydoxh/ zklfk fruuhvsrqgv zlwk wkh \duul +4<98, vroxwlrq1 Olnhzlvh/ xqfhuwdlqw| derxw ixwxuh

lqwhuhvw udwhv/ pruwdolw|/ lqvxudqfh ordgv dqg surgxfw ghvljq doo dgg ydoxh wr wkh rswlrq wr ghod|1

Vwdwhg gl�huhqwo|/ rxu pdlq dujxphqw lv wkdw uhwluhhv vkrxog uhiudlq iurp dqqxlwl}lqj wrgd| ehfdxvh

wkh| pd| jhw dq hyhq ehwwhu cghdo* wrpruurz1

Lw lv lpsruwdqw wr qrwh wkdw rxu dujxphqw lv pruh wkdq mxvw d sod| rq wkh htxlw| ulvn suh0

plxp> qdpho| wkdw vx�flhqwo| ulvn0wrohudqw frqvxphuv vkrxog lqyhvw lq wkh ulvn| dvvhw1 Udwkhu/

zh duh dujxlqj wkdw dq| pxowlshulrg iudphzrun wkdw ljqruhv wkh luuhyhuvlelolw| ri wkh olih dqqxlw|

sxufkdvh/ lv qrw fdswxulqj wkh rswlrq ydoxh lq zdlwlqj1 Lw lv prvw olnho| wkdw wklv lv wkh uhdvrq zk|

Ulfkdug*v +4<:8, phujlqj ri Phuwrq +4<:4, dqg \ddul +4<98, dovr |lhogv d ixoo dqqxlwl}dwlrq uhvxow1

Wkh luuhyhuvlelolw| kdv ehhq ljqruhg1 Olnhzlvh/ Euxjldylql +4<<6,/ h{dplqhg wkh rswlpdo wlph wr

dqqxlwl}h/ dqg frqfoxghv wkdw lw vkrxog eh hduo| lq wkh olih f|foh1 Krzhyhu/ khu prgho lv gulyhq e|

dgyhuvh vhohfwlrq frqvlghudwlrqv/ dqg devwudfwv vrphzkdw iurp wkh pxowlsoh vrxufhv ri xqfhuwdlqw|

wkdw pljkw lqgxfh shrsoh wr zdlw1

Lq uhodwhg uhvhdufk/ Ndsxu dqg Ruv}dj +4<<<, lqwurgxfhg lpphgldwh dqqxlwlhv lqwr d Phuwrq

+4<:4, iudphzrun e| dvvxplqj wkdw wkh ulvn0iuhh udwh lv dxjphqwhg e| d pruwdolw| erqxv wkdw lv

sursruwlrqdo wr wkh lqvwdqwdqhrxv kd}dug udwh1 Wkhlu prgho +d, grhv qrw lqfoxgh dq| yduldeoh

lpphgldwh dqqxlwlhv/ dqg +e, wkh| dvvxph d wrqwlqh vwuxfwxuh zklfk lpsolhv lqvwdqwdqhrxv uh0

frqwudfwlqj1 Lq wkhlu vhw0xs/ wkh rswlpdo wlph wr frpsohwho| dqqxlwl}h ehfrphv wkh srlqw dw zklfk

wkh pruwdolw| fuhglwv h{fhhg wkh ulvn suhplxp/ zklfk lv txlwh odwh lq olih1

Lq d vlplodu yhlq/ Eodnh/ Fdluqv dqg Grzg +5333, frqgxfwhg h{whqvlyh frpsxwhu vlpxodwlrqv wr

ghwhuplqh wkh dqqxlw| dqg shqvlrq gudzgrzq srolf| zklfk surylghv wkh kljkhvw ohyho ri +h{srqhq0

wldo, xwlolw|1 Krzhyhu/ wkh| glg qrw h{dplqh wkh lpsolfdwlrqv ri dqqxlwl}lqj dw gl�huhqw djhv/ dv lw

shuwdlqv wr wkh rswlrq ydoxh ri zdlwlqj1

Wkhuhiruh/ wr sulfh wklv rswlrq wr zdlw/ zh sursrvhg d phwkrgrorj| yhu| vlplodu wr wkh zhdowk

htxlydohqw phwulf ri PSZE +4<<<,1 Zh gh�qh wkh ydoxh ri wkh Uhdo Rswlrq wr Ghihu Dqqxlwl}dwlrq

+URGD, dv wkh shufhqwdjh lqfuhdvh lq zhdowk wkdw zrxog vxevwlwxwh iru wkh delolw| wr ghihu1 Zh

dqvzhu wkh txhvwlrq= Krz pxfk zrxog wkh frqvxphu uhtxluh lq frpshqvdwlrq iru orrvlqj wkh

rssruwxqlw| wr zdlwB Wklv qxpehu lv fohduo| suhihuhqfh ghshqghqw/ zklfk phdqv wkh rswlrq ydoxh

�W? |�i tT�h�| Lu |�i RM�) |ih4 @?_ �?�it| |�i _�gihi?Ui� M@||*i Uh)c �i U@** |��t t|h@|i})G UL?t�4i |ih4 @?_ �?�it|
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lv qrw sulfhg lq wkh duelwudjh0iuhh iudphzrun ri Eodfn dqg Vfkrohv +4<:6,1 Exw wklv ydoxdwlrq

phwkrgrorj| lv sulpdulo| gxh wr wkh odfn ri vhfrqgdu| pdunhw iru wklv Uhdo Rswlrq1 Ixuwkhupruh/

rxu rswlrq ydoxh pd| dfwxdoo| eh qhjdwlyh/ lq zklfk fdvh zh dujxh wkdw wkh frqvxphu lv ehwwhu r�

dqqxlwl}lqj uljkw qrz/ vlqfh zdlwlqj fdq rqo| ghvwur| zhdowk1

Wkh wrrov zh hpsor| duh vwdqgdug lq wkh dvvhw sulflqj dqg dfwxduldo olwhudwxuh/ zklfk uhtxluhv

yhu| olwwoh lq wkh zd| ri qhz pdwkhpdwlfv1 Iurp d sudfwlfdo dqg hpslulfdo shuvshfwlyh/ zh hvwlpdwh

wkdw wkh Uhdo Rswlrq wr Ghihu Dqqxlwl}dwlrq +URGD, uhpdlqv txlwh ydoxdeoh xqwlo wkh plg0;3v1

Pruhryhu/ lqglylgxdov zlwk kljkhu ulvn wrohudqfh dqg juhdwhu khdowk dv|pphwu| duh hqgrzhg zlwk

dq hyhq odujhu rswlrq ydoxh wr zdlw1 Ilqdoo|/ zh dujxh wkdw wkh dydlodelolw| ri +orz frvw, yduldeoh lp0

phgldwh dqqxlwlhv uhgxfhv wkh rswlrq ydoxh wr zdlw dqg vkrxog lqfuhdvh dqqxlwl}dwlrq duudqjhphqwv

lq wkh ixwxuh1

Dowkrxjk wklv sdshu dgguhvvhv yroxqwdu| dqqxlwl}dwlrq xvlqj �{hg lpphgldwh dqqxlwlhv/ wkh vdph

dujxphqwv zrxog dovr dsso| lq wkh uhwluhphqw ghflvlrq ri cwdnlqj d oxps vxp* yhuvxv sduwlflsdwlqj

lq dq hpsor|hu shqvlrq sodq1 Li d vlplodu olih0frqwlqjhqw ehqh�w vwuhdp fdq eh dftxluhg lq wkh ixwxuh

0 zkhwkhu lq wkh rshq pdunhw ru zlwklq wkh shqvlrq sodq ~ wkh rswlrq wr zdlw kdv vrph ydoxh1

Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 zh surylgh d vlpsoh 60shulrg

prgho wkdw looxvwudwhv rxu pdlq dujxphqw1 Vhfwlrq 6 grhv wkh vdph lq pxowl0shulrg frqwlqxrxv0wlph

prgho/ dqg ghulyhv vrph qxphulfdo hvwlpdwhv iru wkh rswlrq ydoxh1 Vhfwlrq 7 frqfoxghv wkh sdshu1

2 5�4T*i ��Tih�L_ �L_i* uLh w�ui �??��|�it�

2�� �*@tt�U@* #ih��@|�L?�

Zh qrz looxvwudwh wkh crswlrq ydoxh* ri ghihuulqj dqqxlwl}dwlrq zlwk d vlpsoh 60shulrg h{dpsoh1 Rxu

sureohp vwduwv dw wlph }hur zlwk d frqvxphu zkr kdv dq lqlwldo hqgrzphqw ri z1 Doo frqvxpswlrq

wdnhv sodfh dw wkh hqg ri wkh shulrg/ dqg wkh suredelolw| ri g|lqj gxulqj wkh wkuhh shulrgv lv=

tf ? t� ? t21 Li wkh lqglylgxdo lv iruwxqdwh wr vxuylyh wr wkh hqg ri wklug shulrg/ vkh frqvxphv dqg

lpphgldwho| glhv1 Iru vlpsolflw|/ zh dvvxph wkdw erwk wkh frqvxphu dqg wkh lqvxudqfh frpsdq|/ duh

dzduh ri/ dqg djuhh rq/ wkhvh suredelolwlhv ri ghdwk1 Dovr/ iru vlpsolflw|/ zh dvvxph wkh frqvxphu*v

vxemhfwlyh udwh ri wlph suhihuhqfh lv vhw htxdo wr wkh ulvn iuhh udwh dqg zh ljqruh lqfrph wd{hve1

Odwhu rq zh vkdoo glvfxvv wkh lpsolfdwlrqv ri uhod{lqj erwk wkhvh dvvxpswlrqv dqg wkh h�hfw rq wkh

rswlrq ydoxh1

Zh gh�qh f�> f2> f� wr eh wkh frqvxpswlrq wkdw wdnhv sodfh dw wkh hqg ri wkh shulrg1 Wkh yduldeoh

U ghqrwhv wkh +ulvn0iuhh, lqwhuhvw udwh cr�* zklfk wkh dqqxlwlhv duh sulfhg1

e5ii �hL�? E�bbb� i|� @*� @t �i** @t ��@h�T@| @?_ ��*i�t!) E2ff�� uLh 4Lhi �?uLh4@|�L? @ML�| |�i |@ |hi@|4i?|
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Wkh rswlpl}dwlrq sureohp lv=

pd{
tS� cS2cS��

H^X�mz` @ +4� tf,x+f�,

4 .U
.

+4� tf,+4� t�,x+f2,

+4 .U,2
.
+4� tf,+4� t�,+4� t2,x+f�,

+4 .U,�
> +4,

v=w= z @
+4� tf,f�

4 .U
.
+4� tf,+4� t�,f2

+4 .U,2
.
+4� tf,+4� t�,+4� t2,f�

+4 .U,�
> +5,

zkhuh x+f, lv d wzlfh gl�huhqwldeoh xwlolw| ixqfwlrq wkdw lv srvlwlyh/ lqfuhdvlqj dqg vwulfwo| frqfdyh1

Vshfl�fdoo|/ zh zloo dvvxph d ixqfwlrqdo irup wkdw h{klelwv frqvwdqw uhodwlyh ulvn dyhuvlrq vr wkdw

x+f, @ f
E�3q�

@+4 � �, dqg �fx��+f,@x�+f, @ �/ zklfk lv wkh frh�flhqw ri uhodwlyh ulvn dyhuvlrq

+UUD,1 Lq wkh hyhqw wkdw � @ 4/ wkh ixqfwlrq froodsvhv wr x+f, @ oq+f,/ zklfk lv frqvlvwhqw zlwk

wkh olplw1 Dovr/ d xwlolw| ri ehtxhvw lv ljqruhg lq rxu sdshu/ vlqfh wklv fdq rqo| lqfuhdvh wkh ydoxh

ri qrw dqqxlwl}lqj1 Wkh dqqxlw| frqwudfw cdsshduv* lq htxdwlrq +5,/ e| yluwxh ri wkh +h{shfwhg,

pruwdolw|0dgmxvwhg glvfrxqwlqj ri frqvxpswlrq1 Doo hovh ehlqj htxdo/ kljkhu ydoxhv ri t� lqfuhdvh

wkh frqvxpswlrq dwwdlqdeoh lq wkh dqqxlw| pdunhw1 Wkh vdph lqlwldo z fdq eh xvhg wr �qdqfh

d kljkhu frqvxpswlrq vwuhdp1 Olnhzlvh/ vhwwlqj doo t� @ 3 lq htxdwlrq +5,/ wljkwhqv wkh exgjhw

frqvwudlqw dqg uhgxfhv wkh ihdvleoh frqvxpswlrq vhw1 Wklv lv dnlq wr vroylqj wkh sureohp zlwkrxw

dqqxlw| pdunhwv1

Wkh Odjudqjldq ehfrphv=

pd{
tS�cS2 cS�cb�

O� @
+4� tf,x+f�,

4 .U
.
+4� tf,+4� t�,x+f2,

+4 .U,2
.
+4� tf,+4� t�,+4� t2,x+f�,

+4 .U,�

. �

�
z � +4� tf,f�

4 .U
� +4� tf,+4� t�,f2

+4 .U,2
� +4� tf,+4� t�,+4� t2,f�

+4 .U,�

�
+6,

Wkh �uvw rughu frqglwlrq lv=

CO�

Cf�
@ 3> l @ 4> 5> 6> dqg

CO�

C�
@ 3 +7,

Wklv ohdgv wr dq rswlpdo +frqvwdqw, frqvxpswlrq ri=

f
W
�
@ f

W @
z

d�
> l @ 4> 5> 6> dqg H^XW

� mz` @ x

�
z

d�

�
d�> +8,

zkhuh d� lv wkh lqlwldo sulfh ri d '4 olih dqqxlw| ~ sdlg ryhu wkuhh shulrgv frqwlqjhqw rq vxuylydo ~

dqg gh�qhg htxdo wr=

d� @
+4� tf,

4 .U
.

+4� tf,+4� t�,

+4 .U,2
.

+4� tf,+4� t�,+4� t2,

+4 .U,�
+9,

Wklv lv wkh fodvvlfdo dqqxlw| uhvxow/ ruljlqdoo| ghulyhg e| \ddul +4<98,/ zklfk vwdwhv wkdw doo oltxlg

zhdowk lv dqqxlwl}hg ~ khog lq wkh irup ri dfwxduldo qrwhv ~ dqg frqvxpswlrq lv frqvwdqw dfurvv doo

+olylqj, shulrgv1 Dv phqwlrqhg hduolhu/ lq wkh devhqfh ri dqqxlw| pdunhwv/ wkh exgjhw frqvwudlqw/

lq htxdwlrq +5,/ lv wljkwhqhg wr htxdwh suhvhqw ydoxh ri frqvxpswlrq dqg lqlwldo zhdowk/ dqg wkh

rswlpdo frqvxpswlrq ghfuhdvhv lq sursruwlrq wr wkh suredelolw| ri vxuylydo1

Wkh frqvwdqw frqvxpswlrq uhvxow lv suhglfdwhg rq +l, wkh wlph suhihuhqfh ehlqj vhw wr wkh ulvn iuhh

udwh/ dqg +ll, v|pphwulf pruwdolw| eholhiv1 Li wkhvh qxpehuv duh gl�huhqw/ wkh rswlpdo frqvxpswlrq
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vwuhdp pljkw qrw eh frqvwdqw1 Lq vrph fdvhv/ lw pljkw hyhq lqgxfh kroglqjv ri qrq0dqqxlwl}hg

dvvhwv1 Zh ljqruh wkhvh fdvhv iru qrz ~ dqg uhihu wkh lqwhuhvwhg uhdghu wr \djl dqg Qlvkljdnl +4<<6,

iru wklv olqh ri uhdvrqlqj ~ vlqfh rxu pdlq srlqw lv wkdw hyhq lq wkh vlpsoh fdvh/ rqh vkrxog qrw

dqqxlwl}h1

51414 Qxphulfdo H{dpsoh

Iru h{dpsoh/ zkhq z @ 4/ tf @ 3=43/ t� @ 3=58/ t2 @ 3=93/ U @ 3=43 dqg � @ 4=8/ zh kdyh wkdw

x+f, @ �5@sf/ dqg=

d� @ 4=8:;<> f
W @

4

d�
@ 3=96669> H^XW

� m4` @ x+
4

d�
,d� @ �6=<9:<

dqg zkhq � @ 4/ +orj xwlolw|, frqvxpswlrq uhpdlqv wkh vdph/ vlqfh doo dvvhw duh dqqxlwl}hg/ exw

oq+4@d�,d� @ �3=:544 xwlohv1 +Wkh qhjdwlyh xwlolw| lv reylrxvo| qrw d sureohp vlqfh wkh ixqfwlrq lv

gh�qhg xs0wr dq| frqvwdqw1,

2�2 �L?t�4i @?_ #iuih�

Rxu pdlq lghd lv wr doorz wkh lqglylgxdo wr frqvxph fW/ dw wkh hqg ri wkh shulrg/ dqg wkhq uhfrqvlghu

dqqxlwl}dwlrq dw wkdw wlph1 Lq wkh phdqwlph/ wkh dvvhwv duh lqyhvwhg dqg vxemhfwhg wr wkh ulvn|

uhwxuq1 Wkh ulvn| uhwxuq fdq idoo lq rqh ri wzr vwdwhv1 Zh xvh wkh vxshuvfulsw x wr ghqrwh wkh cxs*

vwdwh ri qdwxuh/ dqg g wr ghqrwh wkh cgrzq* vwdwh ri qdwxuh1 Wkhuh lv d suredelolw| s ri d jrrg uhwxuq

[�/ dqg +4�s, ri d edg uhwxuq [_1 Wkhuhiruh/ e| zdlwlqj/ qh{w shulrg*v rswlpl}dwlrq sureohp zloo

eh rqh ri wzr fdvhv1

Lq wkh hyhqw wkh oltxlg dvvhwv hduqhg wkh ckljk* uhwxuq/ wkh rswlpl}dwlrq sureohp zloo eh=

pd{
tS�2 cS���

H^X�2mz[� � f
W` @

+4� t�,x+f�2,

4 .U
.
+4� t�,+4� t2,x+f��,

+4 .U,2
> +:,

v=w= z[� � f
W @

+4� t�,f�2

+4 .U,
.

+4� t�,+4� t2,f��

+4 .U,2
> +;,

Lq wkh hyhqw ri d cedg* uhwxuq/ wkh 5qg shulrg rswlpl}dwlrq sureohp ehfrphv=

pd{
tS

_2cS_��
H^X_2mz[_ � f

W` @
+4� t�,x+f_2,

4 .U
.
+4� t�,+4� t2,x+f_�,

+4 .U,2
> +<,

v=w= z[_ � f
W @

+4� t�,f_2

+4 .U,
.
+4� t�,+4� t2,f_�

+4 .U,2
> +43,

Dv ehiruh/ wkh rswlpdo frqvxpswlrq lv frqvwdqw/ dqg htxdo wr=

f
W
_
@

z[_ � f
W

d2
dqg H

W^X_2mz[_ � f
W` @ x

�
z[_ � f

W

d2

�
d2> +44,

f
W
� @

z[� � f
W

d2
dqg H

W^X�2mz[� � f
W` @ x

�
z[� � f

W

d2

�
d2> +45,

9



zkhuh wkh 50shulrg dqqxlw| idfwru lv=

d2 @
+4� t�,

4 .U
.
+4� t�,+4� t2,

+4 .U,2
@ d�

�
4 .U

4� tf

�
� 4 +46,

Zh qrz duulyh dw rxu pdlq h{suhvvlrq1

H
W^X�@�|mz` @ 4� tf

4 .U

�
sx

�
z[� � f

W

d2

�
d2 . +4� s,x

�
z[_ � f

W

d2

�
d2 . x+fW,

�
= +47,

Wkh xwlolw| ri ghihuudo fdswxuhv wkh jdlqv iurp cwdnlqj d fkdqfh* rq qh{w shulrg*v exgjhw frqvwudlqw1

Vshfl�fdoo|/ wkh xwlolw| ri ghihuudo zhljkv qh{w shulrgv xwlolw| ri frqvxpswlrq e| wkh suredelolw| ri

hlwkhu uhwxuq0vwdwh ix> gj rffxuulqj dqg wkh suredelolw| ri vxuylydo/ dqg wkhq glvfrxqwv iru wlph1

Khqfh/ dv orqj dv=

H
W^X�@�|mz` A H

W ^X�mz` > +48,

rqh lv ehwwhu0r� zdlwlqj1 Ilqdoo|/ dv glvfxvvhg lq wkh lqwurgxfwlrq/ wkh ydoxh ri wkh rswlrq wr ghihu

rqh shulrg lv gh�qhg htxdo wr wkh txdqwlw| y wkdw htxdwhv erwk xwlolwlhv1

H
W^X�@�|mz` @ H

W ^X�mz . y` +49,

Zh surylgh wkh lqwxlwlrq zlwk wkh khos ri d qxphulfdo h{dpsoh1 Zh xvh wkh vdph sdudphwhuv

dv lq wkh suhylrxv h{dpsoh/ qdpho|= z @ 4/ tf @ 3=43/ t� @ 3=58/ t2 @ 3=93/ U @ 3=43 dqg

x+f, @ �5@sf1 Lq wklv fdvh/ fW @ 3=9666 dqg H^XW
� m4` @ �6=<9:<1 Li wkh lqglylgxdo lv idfhg zlwk

d rqh0wlph ghflvlrq/ wkh rswlpdo frqvxpswlrq lv 3=9666 xqlwv shu shulrg/ dqg wkh pd{lpxp xwlolw|

lv= �6=<9:<1 Qrz/ dvvxph wkh lqglylgxdo fdq ghihu wkh ghflvlrq e| lqyhvwlqj z lq dq dvvhw zlwk

d vwrfkdvwlf uhwxuq zlwk wzr srvvleoh rxwfrphv= [� dqg [_1 Vshfl�fdoo|/ ohw s @ 3=:3 ghqrwh wkh

suredelolw| wkdw wkh qrq0dqqxlwl}hg lqyhvwphqw idfwru zloo eh= [� @ 4=78 +zklfk lv d 78( uhwxuq,/

dqg 4 � s @ 3=63 lv wkh suredelolw| wkdw wkh qrq0dqqxlwl}hg lqyhvwphqw idfwru zloo eh= [_ @ 4=33

+zklfk lv d 3( uhwxuq,1 Wkh h{shfwhg lqyhvwphqw uhwxuq lv wkhuhiruh= 64183(1

Lq wkh hyhqw [� rffxuv/ wkh lqyhvwru kdv 4=78 xqlwv dw wkh hqg ri wkh �uvw shulrg/ iurp zklfk vkh

frqvxphv fW @ 3=9666/ wr plplf wkh dqqxlw|1 Wklv ohdyhv khu zlwk 3=;499 iru wkh 5qg shulrg exgjhw

frqvwudlqw1 Olnhzlvh/ li [_ rffxuv/ wkh lqyhvwru kdv 4=33 xqlwv dw wkh hqg ri wkh �uvw shulrg/ iurp

zklfk vkh frqvxphv fW @ 3=9666/ ohdylqj khu zlwk rqo| 3=6999 iru wkh 5qg shulrg exgjhw frqvwudlqw1

Dvvxplqj vkh zloo dqqxlwl}h dw wkh hqg ri wkh �uvw shulrg/ khu glvfrxqwhg h{shfwhg xwlolw| iurp wkh

ghflvlrq wr ghihu/ lv=

H
W^X�@�|mz` @ �6=<4<6 A �6=<9:< @ H

W ^X�mz`
Ixuwkhupruh/ li zh jlyh wkh lqglylgxdo y @ 3=357<4/ dw wlph }hur/ vkh zrxog eh lqgl�huhqw ehwzhhq

dqqxlwl}hg lpphgldwho| dqg ghihuulqj iru rqh shulrg1 Zh frqfoxgh wkdw wkh ydoxh ri wkh rswlrq wr

ghihu rqh shulrg lv zruwk 517<( ri lqlwldo zhdowk1

D ihz whfkqlfdo frpphqwv duh lq rughu1

� Iru wkh ghihuudo wr pdnh �qdqfldo vhqvh/ wkh vwrfkdvwlf uhwxuq iurp wkh lqyhvwdeoh dvvhw pxvw

h{fhhg wkh pruwdolw|0dgmxvwhg ulvn iuhh udwh lq dw ohdvw rqh vwdwh ri qdwxuh1 Lq rxu 60shulrg/

50vwdwhv ri qdwxuh frqwh{w/ [� pxvw eh juhdwhu wkdw +4 .U,@+4� tf,/ rwkhuzlvh H
W^X�@�|mz`

zloo qhyhu h{fhhg H
W ^X�mz`/ uhjdugohvv ri krz kljk s lv/ ru krz orz tf lv1

:



� Rqh grhv qrw uhtxluh deqrupdoo| kljk lqyhvwphqw uhwxuqv lq rughu wr mxvwli| czdlwlqj*1 Lq

idfw/ wkh hqwluh dqdo|vlv frxog kdyh ehhq frqgxfwhg zlwk d vwrfkdvwlf lqwhuhvw udwh U/ lqvwhdg

ri d vwrfkdvwlf lqyhvwphqw uhwxuq1 +Ru erwk/ iru wkdw pdwwhu1, Wkh nh| lqvljkw lv wkdw zdlwlqj

pljkw fkdqjh wkh exgjhw frqvwudlqw lq wkh frqvxphuv idyrxu1 Wkh exgjhw frqvwudlqw pljkw

fkdqjh rq wkh ohiw0kdqg vlgh/ zklfk lv dq lqfuhdvh +ru ghfuhdvh, lq lqlwldo zhdowk/ ru rq wkh

uljkw0kdqg vlgh/ zlwk dq lqfuhdvh +ru ghfuhdvh, lq wkh lqwhuhvw udwh cr�* zklfk wkh dqqxlw| lv

sulfhg1 Dv orqj dv wkh ulvn0dgmxvwhg rggv ri d idyrudeoh fkdqjh lq wkh exgjhw frqvwudlqw duh

kljk hqrxjk/ wkh rswlrq wr zdlw kdv ydoxh1 Wklv lqvljkw lv txlwh lpsruwdqw vlqfh dq| srvvleoh

fkdqjh lq wkh ixwxuh sulfh ri wkh dqqxlw| surylghv dq rswlrq ydoxh1 Wklv zrxog lqfoxgh dq|

fkdqjhv lq ghvljq/ oltxlglw| ru sulflqj wkdw pljkw lpsuryh wrpruurz*v exgjhw frqvwudlqw1

� Zkhq � @ 4/ zklfk lv orj0xwlolw|/ wkh cydoxh* ri wkh rqh shulrg rswlrq lv 7159(/ zklfk lv kljkhu

wkdq wkh fdvh ri � @ 4=81 Dv rqh zrxog h{shfw/ wkh orzhu wkh ohyho ri ulvn dyhuvlrq +�, wkh

kljkhu lv wkh +xwlolw|0dgmxvwhg, lqfhqwlyh wr wdnh vrph �qdqfldo ulvn dqg ghihu wkh ghflvlrq wr

dqqxlwl}h1 Wklv lqfuhdvhv wkh ydoxh ri wkh rswlrq1 Wkh vdph lv wuxh lq wkh rwkhu gluhfwlrq1 D

kljkhu dyhuvlrq wr ulvn ghfuhdvhv wkh ydoxh ri wkh rswlrq1 Iru d kljk hqrxjk ydoxh ~ zklfk lq

rxu fdvh lv � @ 5=4:65 ~ wkh lqglylgxdo vkrxog qrw ghihu dqqxlwl}dwlrq vlqfh wkh ulvn lv wrr

kljk1

� Dowkrxjk zh kdyh qrw dgguhvvhg wklv lvvxh lq rxu irupdo dqdo|vlv/ li wkh frqvxphu kdv d ohvv

idyrudeoh ylhz ri khu rzq pruwdolw|/ wkh rswlrq wr ghihu lv hyhq pruh ydoxdeoh1 Vshfl�fdoo|/

li tKf zklfk lv xvhg lq wkh exgjhw frqvwudlqw wr sulfh wkh dqqxlw|/ lv orzhu wkdq wkh vxemhfwlyh

t
r

f xvhg lq wkh remhfwlyh ixqfwlrq/ wkh pd{lpxp xwlolw| zloo eh uhgxfhg dw wlph }hur/ zklfk

lqfuhdvhv wkh ydoxh ri y wkdw htxdwhv htxdwlrq +49,1 Zh uhihu wkh lqwhuhvwhg uhdghu wr Kxug

dqg PfJduu| +4<<:, iru d glvfxvvlrq dqg h{shulphqwv lqyroylqj cvxemhfwlyh* yhuvxv cremhfwlyh*

dvvhvvphqwv ri vxuylydo suredelolwlhv1 Wklv pljkw jr d orqj zd| wrzdugv h{sodlqlqj zk|

lqglylgxdov zkr eholhyh wkhpvhoyhv wr eh ohvv khdowk| wkdq dyhudjh duh pruh olnho| wr dyrlg

dqqxlwlhv/ ghvslwh kdylqj qr ghfoduhg ehtxhvw prwlyh1 Lq wkh fodvvlfdo \ddul +4<98, iudphzrun/

vxemhfwlyh vxuylydo udwhv gr qrw sod| d uroh lq wkh rswlpdo srolf|1 Lq rxu frqwh{w/ wkh lqglylgxdo

pljkw eh vshfxodwlqj rq qh{w shulrgv exgjhw frqvwudlqw/ lq wkh +ulvn0dgmxvwhg, krsh lw zloo

lpsuryh1

� Rxu dqqxlwlhv id�> d2j duh sulfhg lq d sur�wohvv hqylurqphqw lq zklfk ordgv dqg frpplvvlrqv

duh vhw wr }hur1 Lqghhg/ wkh PSZU +4<<<, vwxg| �qgv ydoxhv0shu0suhplxp groodu lq wkh 31:8

wr 31<6 uhjlrq ghshqglqj rq wkh uhohydqw pruwdolw| wdeoh/ |lhog fxuyh/ vh{ dqg djh1 Lq rxu

frqwh{w/ wklv zrxog lpso| dqrwkhu lqfhqwlyh wr ghihu/ vlqfh [� lv pruh olnho| wr h{fhhg wkh

pruwdolw|0dgmxvwhg ulvn iuhh udwh1 Wklv zrxog krog wuxh dv orqj dv wkh sursruwlrqdo lqvxudqfh

ordgv gr qrw lqfuhdvh dv d ixqfwlrq ri djh1D
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� Ilqdoo|/ dowkrxjk zh fkulvwhq y wkh rswlrq ydoxh/ zh pxvw eh fduhixoo| lq uhihuulqj wr lw dv wkh

ydoxh ri wkh rswlrq wr ghihu +dqg frqvxph, iru rqh shulrg1 Lq wkhru|/ wkh lqglylgxdo pljkw

dovr ghihu iru wzr shulrgv/ dqg wkhq dqqxlwl}h1 Wr eh devroxwho| suhflvh/ zh vkrxog wklqn ri

y dv d orzhu erxqg rq wkh rswlrq ydoxh/ vlqfh rqh pljkw frqvlghu ghihuulqj iru pdq| shulrgv1

Zh vkdoo uhwxuq wr wklv lvvxh odwhu lq rxu dqdo|vlv1

Kdylqj frqvlghuhg wkh edvlf lqwxlwlrq lq d vlpsoh 60shulrg h{dpsoh/ zh qrz pruh wr d frqwlqxrxv0

wlph prgho lq zklfk vrph uhdolvwlf hvwlpdwhv duh ghyhorshg iru wkh rswlrq ydoxh1

� �L?|�?�L�t�|�4i �L_i* Lu �T|�L? |L @̀�|

Dqdorjrxv wr wkh remhfwlyh ixqfwlrq +4, lq glvfuhwh wlph/ zh vhhn wr pd{lpl}h glvfrxqwhg olihwlph

xwlolw| ghvfulehg e|=

HX% @

] "

f

|s%h
3o|

4� �
+f%n|,

�3q
gw> +4:,

zkhuh wkh frqglwlrqdo suredelolw| ri vxuylydo lv gh�qhg e| wkh kd}dug udwh +ru irufh ri pruwdolw|,

�r/ vr wkdw=

+|s%, @ h
3

U
|

f
b%nr_r +4;,

Lw uhsuhvhqwv wkh suredelolw| wkdw dq lqglylgxdo dw djh +{, vxuylyhv wr djh +{ . w,/ zkhq vxemhfwhg

wr wkh frqwlqrxv0wlph kd}dug udwh �r1

Wkh frqwlqrxv0wlph exgjhw frqvwudlqw/ lq wkh suhvhqfh ri olih dqqxlwlhv/ lv vlplodu wr htxdwlrq

+5,/ zkhuh=

4 @

] "

f

+|s%,h
3o|

gw +4<,

Iru vlpsolflw|/ zh lqlwldoo| vwdqgdugl}h zhdowk wr rqh xqlw ri frqvxpswlrq/ vr wkh ohiw kdqg vlgh ri

htxdwlrq +4<, lv wkh vshfldo fdvh ri z @ 41

Pdujlqdo xwlolw| lv htxdol}hg dfurvv doo shulrgv iru wkh rswlpdo frqvxpswlrq sodq/ zklfk lpsolhv

wkdw=

f
W
%n| @ f

W
% @

4

d%
;w � 3> +53,

dqg wkh xwlolw| iurp dqqxlwl}lqj dw wlph }hur/ lv=

HX
W
% @

d%

4� �

�
4

d%

��3q

= +54,

Zh uh0lwhudwh wkdw wkh rswlpdolw| ri frpsohwh dqqxlwl}hg frqvxpswlrq lv d gluhfw frqvhtxhqfh ri +l,

v|pphwulf pruwdolw| eholhiv/ +ll, ulvn iuhh wlph suhihuhqfhv/ +lll, frqvwdqw uhodwlyh ulvn dyhuvlrq xwlolw|/

dqg +ly, qr ehtxhvw prwlyhv1 Wkhvh dvvxpswlrqv duh qrw fulwlfdo wr wkh rswlrq0wr0ghihu dujxphqw

wkdw iroorzv/ exw grhv vlpsoli| wkh h{srvlwlrq1 Lq idfw/ fkdqjlqj dq| ri wkhvh irxu dvvxpswlrqv

pljkw dfwxdoo| lqfuhdvh wkh rswlrq ydoxh1

Qrz/ frqwlqxlqj zlwk rxu vwudwhj|/ li wkh lqglylgxdo frqvxphv0dqg0ghihuv lq frqwlqxrxv0wlph e|

lqyhvwlqj dw d +�{hg, udwh ri �/ wkh zhdowk reh|v wkh Ruglqdu| Gl�huhqwldo Htxdwlrq=

gZ%n| @

�
�Z%n| � 4

d%

�
gw> +55,

<



Wkh lqwxlwlrq iru wkh RGH lq htxdwlrq +55,/ lv wkdw doo qrq0dqqxlwl}hg zhdowk zloo jurz dw d udwh ri

�/ zkloh d3�
% gw zloo eh zlwkgudzq wr plplf wkh frqvxpswlrq vwuhdp surylghg e| wkh olih dqqxlw|1

Wkh vroxwlrq wr wkh RGH lv=

Z%n| @

�
4� 4

�d%

�
h
B| .

4

�d%
;w ? w

W
> +56,

zkhuh { . w
W lv wkh djh0ri0uxlq/ zkhuh w vdwlv�hv=

w
W @

+
3 *?d�3B@% o

B
li � ?

�
@%

4 li � � �
@%

+57,

Dv ri |hw/ zh kdyh qrw udqgrpl}hg wkh ulvn| lqyhvwphqw uhwxuq �1 Iluvw/ zh zloo frpsxwh wkh

dwwdlqdeoh frqvxpswlrq dvvxplqj oltxlg dvvhwv hduq d �{hg udwh �/ wkhq zh zloo udqgrpl}h wkh

uhwxuq wr ghulyh wkh h{shfwhg glvfrxqwhg xwlolw|1

Wkh d�rugdeoh frqvxpswlrq dw djh { . w/ dvvxplqj oltxlg dvvhwv kdyh hduqhg d frqwlqxrxvo|

frpsrxqghg udwh ri � gxulqj wkh wlph shulrg w/ lv=

f%n| @
Z%n|

d%n|

@

�
4

d%n|

� 4

�d%d%n|

�
h
B| .

4

�d%d%n|

> +58,

zkloh wkh xwlolw| iurp wkh uhpdlqlqj olihwlph frqvxpswlrq dw wkh wlph lv=

HX
W
%n|

@
d%n|

4� �
+f%n|,

�3q @
d%n|

4� �

��
4

d%n|

� 4

�d%d%n|

�
h
B| .

4

�d%d%n|

��3q

+59,

Wkhuhiruh/ dqdorjrxv wr wkh ghulydwlrq lq wkh 60shulrg prgho/ wkh xwlolw| iurp zdlwlqj lv htxdo wr/

dqg ghqrwhg e|=

HX%+zdlw, @ +|s%,h
3o|

%
HX

W
%n| .

4

4� �

�
4

d%

��3q
&
= +5:,

Dv orqj dv HX%+zdlw, A HX
W
% / wkhq ghihuulqj lv suhihuuhg1 Zh qrz udqgrpl}h h�/ xvlqj d phdvxuh

S+�,/ vr wkdw wkh h{shfwdwlrq HX%+zdlw, pxvw eh wdnhq zlwk uhvshfw wr wkh uhwxuq xqfhuwdlqw| ryhu

wkh shulrg w1 Lq wklv fdvh zh rewdlq=

HX%+zdlw, @ +|s%,h
3o|

%] "

3"

d%n|

4� �

��
4

d%n|

� 4

�d%d%n|

�
h
B| .

4

�d%d%n|

��3q

gS+�,

.
4

4� �

�
4

d%

��3q
&
= +5;,

Zh kdyh lqwhjudwhg HX
W
% ryhu wkh glvwulexwlrq iru wkh udqgrp yduldeoh h�= Qdwxudoo|/ ghshqglqj rq

wkh glvwulexwlrq +dqg vxssruw, ri wkh phdvxuh S zh zloo rewdlq gl�huhqw ydoxhv iru HX%+zdlw,1 Wkh

pruh rswlplvwlf +exoolvk, wkh lqyhvwru/ wkh kljkhu lv wkh vxemhfwlyh ydoxh ri wkh rswlrq wr zdlw1 Li

zh gh�qh Y%n| dv wkh ydoxh ri wklv rswlrq/ zklfk frpshqvdwhv iru wkh delolw| wr zdlw/ zh pxvw vroyh

HX%+zdlw, @
d%

4� �

�
4 . Y%n|

d%

��3q

> +5<,

43



wr lvrodwh Y%n|/ zkhuh HX%+zdlw, lv wdnhq iurp htxdwlrq +5;,1 Ilqdoo|/ fdqfhoolqj wkh frqvwdqw

+4� �,/ zh jhw=

Y%n| @ d%

#
+|s%,h

3o|

d%

#
� .

�
4

d%

��3q
$$�*E�3q�

� 4> +63,

zkhuh=

� @

] "

3"
d%n|

��
4

d%n|

� 4

�d%d%n|

�
h
B| .

4

�d%d%n|

��3q

gS+�, +64,

��� ��4ih�U@* ,t|�4@|it

Zh xvh d Jrpshuw} dssur{lpdwlrq wr pruwdolw|/ zklfk lv frpprq lq wkh dfwxduldo dqqxlw| olwhudwxuh/

dv h{sodlqhg e| Fduulhuh +4<<7, dqg Iuhhv/ Fduulhuh dqg Ydogh} +4<<9,1 Wklv prgho kdv dovr ehhq

xvhg lq wkh hfrqrplfv olwhudwxuh zkhq sulflqj lqvxudqfh1 Vhh Pxoolq dqg Sklolsvrq +4<<:,/ iru

h{dpsoh1 Lq wklv sdshu/ zh fdoleudwh wkh sdudphwhuv wr wkh Dqqxlw| 5333 Pruwdolw| Wdeoh zlwk

surmhfwlrq vfdoh J1 Wkh irufh ri pruwdolw| lv wkhuhiruh �% @ h{s++{�p,@e,@e/ zkhuh p lv d prgdo

ydoxh/ dqg e lv d vfdoh sdudphwhu1 Iru pdohv zh �w sdudphwhuv +;;=4;> 43=8, dqg iru ihpdohv zh kdyh

+<5=96> ;=:;,1 Wkh udqgrp yduldeoh h� lv dvvxphg wr eh qrupdoo| glvwulexwhg zlwk d phdq ydoxh ri

45( dqg d vwdqgdug ghyldwlrq ri 53(1 Wklv lv urxjko| lq olqh zlwk Fklfdjr*v Leerwvrq Dvvrfldwhv

+5333, qxpehuv zklfk duh zlgho| xvhg e| sudfwlwlrqhuv zkhq vlpxodwlqj orqj0whup lqyhvwphqw

uhwxuqv1 Qrwh wkdw d frqwlqxrxv0wlph qrupdolw| dvvxpswlrq iru h� lpsolhv d orjqrupdo glvwulexwlrq

iru dqqxdo uhwxuqv1 Zh glvsod| rswlrq ydoxhv iru wzr gl�huhqw ohyhov ri ulvn dyhuvlrq/ � @ 5/ dqg

� @ 61 Ilqdoo|/ zh frpsxwh wkh rswlrq ydoxh dvvxplqj wkh ghflvlrq lv ghihuuhg iru h{dfwo| rqh |hdu/

w @ 41 Wklv fkrlfh pd| vhhp duelwudu| dw �uvw/ hvshfldoo| vlqfh prvw lqglylgxdov pljkw eh lqwhuhvwhg

lq ghihuulqj iru orqjhu wkdq rqh |hdu1 Krzhyhu/ d sulrul wkhuh lv qr uhdvrq iru fkrrvlqj dq| vshfl�f

w ydoxh/ dqg rqh fdq dozd|v dgg wkh rqh |hdu ydoxhv wr rewdlq d urxjk hvwlpdwh ri wkh ydoxh ri d

pxowl0shulrg zdlw1 Pruh lpsruwdqwo|/ li wkh rswlrq ydoxh lv qhjdwlyh iru d ghihuudo ri rqh |hdu/ lw

lv rswlpdo wr dqqxlwl}h lpphgldwho|1 Wkh iroorzlqj wdeoh surylghv vrph hvwlpdwhv iru d ydulhw| ri

lqlwldo djhv1

Iru h{dpsoh/ d 93 |hdu rog ihpdoh zkr lv prghudwho| ulvn dyhuvh +� @ 5, dqg lv frqwhpsodwlqj

dqqxlwl}lqj '433 ri oltxlg dvvhwv/ lv hqgrzhg zlwk d uhdo rswlrq zruwk '8=4<= Li vkh fkrrvhv wr

sxufkdvh d �{hg lpphgldwh dqqxlw| dw djh 93 ~ dqg wkxv irujr wkh rssruwxqlw| wr zdlw ~ vkh lv

hvvhqwldoo| cjlylqj xs* dq rswlrq wkdw lv zruwk dw ohdvw '814<1 Zh hpskdvl}h/ rqfh djdlq/ wkdw wklv

rswlrq ydoxh lv d orzhu erxqg rq wkh wuxh ydoxh ri zdlwlqj vlqfh zh duh rqo| orrnlqj dw rqh |hdu1

Rq wkh rwkhu kdqg/ d <3 |hdu rog ihpdoh/ zlwk wkh vdph ohyho ri ulvn dyhuvlrq/ rewdlqv qr ydoxh

iurp zdlwlqj1 Lqwxlwlyho|/ wkh lpsolhg +pruwdolw| dgmxvwhg, uhwxuq iurp wkh olih dqqxlw| h{fhhgv wkh

uhwxuq iurp wkh ulvn| dvvhw fodvv1 Lq idfw/ zdlwlqj ghvwur| ydoxh vlqfh wkh rswlrq ydoxh lv qhjdwlyh1

e �L?U*�t�L?

Lq wklv sdshu zh dujxh wkdw suhpdwxuh dqqxlwl}dwlrq ghvwur|v wkh rswlrq ydoxh frqwdlqhg lq wkh

luuhyhuvleoh ghflvlrq wr dqqxlwl}h odwhu1 Vshfl�fdoo|/ e| frqvxplqj whup dqg lqyhvwlqj wkh gl�huhqfh
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Djh � @ 6 Ihpdoh +Pdoh, � @ 5 Ihpdoh +Pdoh,

93 5197 +5166,( 814< +71<5,(

98 5183 +5137,( 8143 +71:3,(

:3 5154 +4185,( 71;; +7158,(

:8 41:4 +31:4,( 7178 +618;,(

;3 313: +Qhjdwlyh,( 619; +5177,(

;8 Qhjdwlyh 515; +319:,(

<3 Qhjdwlyh Qhjdwlyh

Wdeoh 4= Wkh Rswlrq ydoxh ri zdlwlqj rqh pruh |hdu wr dqqxlwl}h/ dv d ixqfwlrq ru ulvn dyhuvlrq/

iru Ihpdohv +Pdohv,1 Zh dvvxph wkh ixqgv duh lqyhvwhg lq dq dvvhw wkdw lv h{shfwhg wr hduq d 3145

uhwxuq/ zlwk d vwdqgdug ghydwlrq ri 31531 Wkh ulvn iuhh udwh lv 31391 Wkh pruwdolw| wdeoh lv LDP5333

zlwk Vfdoh J1

+vhoi dqqxlwl}dwlrq,/ wkh uhwluhh vwdqgv wr jdlq iurp wkh srvvlelolw| ri d uhodwlyh lpsuryhphqw lq wkh

ixwxuh exgjhw frqvwudlqw1 Lq rxu vlpsoh prgho/ wkh vwrfkdvwlf lqyhvwphqw uhwxuqv iurp dowhuqdwlyh

dvvhw fodvvhv zloo olnho| lqgxfh d uhod{dwlrq lq wkh exgjhw frqvwudlqw1 Ulvn dyhuvh djhqwv vkrxog

zhljk wkh frvwv dqg ehqh�wv ri dqqxlwl}lqj qrz yhuvxv odwhu/ lq wkh idfh ri d vwrfkdvwlf ixwxuh

exgjhw frqvwudlqw1 Lq sudfwlfh/ d ghwhulrudwlrq lq khdowk vwdwxv/ dq lqfuhdvh lq lqwhuhvw udwhv/ ehwwhu

oltxlglw| ihdwxuhv/ suhihuhqwldo wd{ fkdqjhv/ ru d uhgxfwlrq lq dfwxduldo ordgv zloo doo vhuyh wr lqfuhdvh

wkh ixwxuh dqqxlw| sd|rxw/ li wkh uhwluhh zdlwv dqg lv vx�flhqwo| ulvn wrohudqw1

Wkhvh uhvxowv duh lq wkh vslulw ri Ndsxu dqg Ruv}dj +4<<<,/ zkhuh wkh| h{dplqh wkh cehvw* wlph

wr dqqxlwl}h lq wkh frqwh{w ri rswlpdo glvfrxqwhg xwlolw| ri frqvxpswlrq1 Vlplodu wr wkhlu uhvxowv/

zh �qg wkdw prvw lqglylgxdov lq wkhlu 93v dqg :3v vkrxog krog d vxevwdqwldo sruwlrq ri wkhlu zhdowk

lq qrq0dqqxlwl}hg dvvhwv vlqfh wkh rswlrq ydoxh wr zdlw lv txlwh odujh1

Zh pxvw hpskdvl}h/ krzhyhu/ wkdw wkh dydlodelolw| ri yduldeoh lpphgldwh dqqxlwlhv +YLDv, zloo

uhgxfh wkh ydoxh ri wkh rswlrq wr ghihu vlqfh wkh dowhuqdwlyh dvvhw fodvv |lhogv wkh h{dfw vdph suh0

pruwdolw| uhwxuq1 Qhyhuwkhohvv/ hyhq zlwk YLDv/ wkh suhvhqfh ri dv|pphwulf pruwdolw| lqirupdwlrq/

dv zhoo dv ordgv dqg rwkhu ihhv/ fuhdwhv dq rswlrq wr zdlw wkdw kdv vrph ydoxh1 Wkh txhvwlrq lv

_krz pxfkB% Zh eholhyh wkdw wklv iudphzrun ghyhorsv d sduvlprqlrxv ydoxdwlrq phwkrgrorj| iru

frpsxwlqj wkh pdjqlwxgh ri wkh rswlrq ydoxh dv zhoo dv wkh rswlpdo wlph wr h{huflvh wklv wlplqj

rswlrq1

Lq vxp1 Dqdorjrxv wr wkh olwhudwxuh lq wkh frusrudwh �qdqfh duhqd/ dq| luuhyhuvleoh shuvrqdo

�qdqfldo ghflvlrq vkrxog rqo| eh xqghuwdnhq zkhq wkh rswlrq ydoxh wr zdlw ~ dqg gr lw wrpruurz

~ kdv qr ydoxh1
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+iuihi?Uit

^4` P1 Dpudp dqg Q1 Nxodwlodnd1 Uhdo Rswlrqv= Pdqdjlqj Vwudwhjlf Lqyhvwphqw lq dq Xqfhuwdlq

Zruog1 Kduydug Exvlqhvv Vfkrro Suhvv/ 4<<<1

^5` D1 Dqgr dqg I1 Prgljoldql1 _Wkh Olih F|foh K|srwkhvlv ri Vdylqj%1 Dphulfdq Hfrqrplf

Uhylhz/ 86+4,=88~:7/ 4<961

^6` M1 E1 Ehun1 _D Vlpsoh Dssurdfk iru Ghflglqj Zkhq wr Lqyhvw%1 Dphulfdq Hfrqrplf Uhylhz/

;<+8,=464<~4659/ Ghfhpehu 4<<<1

^7` E1 G1 Ehuqkhlp1 _Krz Vwurqj Duh Ehtxhvw Prwlyhv= Hylghqfh Edvhg rq Hvwlpdwhv ri wkh

Ghpdqg iru Olih Lqvxudqfh dqg Dqqxlwlhv%1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ <<+8,=;<<~<5:/

4<<41

^8` I1 Eodfn dqg P1 V1 Vfkrohv1 _Wkh Sulflqj ri Rswlrqv dqg Frusrudwh Oldelolwlhv%1 Wkh Mrxuqdo

ri Srolwlfdo Hfrqrp|/ ;4=96:~986/ 4<:61

^9` G1 Eodnh/ D1 M1 Fdluqv/ dqg N1 Grzg1 _ShqvlrqPhwulfv= Vwrfkdvwlf Shqvlrq Sodq Ghvljq Gxulqj

wkh Glvwulexwlrq Skdvh%1 Shqvlrqv Lqvwlwxwh Zrunlqj Sdshu/ 53331

^:` M1 Eurzq/ R1 Plwfkhoo/ M1 Srwhued/ dqg P1 Zduvkdzvn|1 _Wd{lqj Uhwluhphqw Lqfrph= Qrq0

txdol�hg Dqqxlwlhv dqg Glvwulexwlrqv iurp Txdol�hg Dffrxqwv%1 Qdwlrqdo Wd{ Mrxuqdo +QEHU

Zrunlqj Sdshu :59;,/ sdjh wr dsshdu/ 53331

^;` M1 U1 Eurzq1 _Sulydwh Shqvlrqv/ Pruwdolw| Ulvn dqg wkh Ghflvlrq wr Dqqxlwl}h%1 Qdwlrq Exuhdx

ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu :4<4/ 4<<<1

^<` M1 U1 Eurzq dqg M1 P1 Srwhued1 _Mrlqw Olih Dqqxlwlhv dqg Dqqxlw| Ghpdqg e| Pduulhg

Frxsohv%1 QEHU Zrunlqj Sdshu/ 4<<;1

^43` D1 Euxjldylql1 _Xqfhuwdlqw| Uhvroxwlrq dqg wkh Wlplqj ri Dqqxlw| Sxufkdvhv%1 Mrxuqdo ri

Sxeolf Hfrqrplfv/ 83=64~95/ 4<<61

^44` M1 Fduulhuh1 _Dq Lqyhvwljdwlrq ri wkh Jrpshuw} Odz ri Pruwdolw|%1 Dfwxduldo Uhvhdufk Fohdulqj

Krxvh/ 5/ 4<<71

^45` Q1 Fkduxsdw dqg P1 Plohyvn|1 _Pruwdolw| Vzdsv dqg Wd{ Duelwudjh lq wkh Fdqdgldq Dqqxlw|

Pdunhw%1 Mrxuqdo ri Ulvn dqg Lqvxudqfh/ wr dsshdu/ 53341

^46` H1 Z1 Iuhhv/ M1 Fduulhuh/ dqg H1 Ydogh}1 _Dqqxlw| Ydoxdwlrq zlwk Ghshqghqw Pruwdolw|%1 Wkh

Mrxuqdo ri Ulvn dqg Lqvxudqfh/ 96+5,=55<~594/ 4<<91

^47` E1 P1 Iulhgpdq dqg P1 M1 Zduvkdzvn|1 _Wkh Frvw ri Dqqxlwlhv= Lpsolfdwlrqv iru Vdylqj

Ehkdylru dqg Ehtxhvwv%1 Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 438=468~487/ 4<<31
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^48` U1 Kxeedug1 _Lqyhvwphqw Xqghu Xqfhuwdlqw|= Nhhslqj Rqh*v Rswlrqv Rshq%1 Mrxuqdo ri

Hfrqrplf Olwhudwxuh/ 65+7,=4;49~4;64/ Ghfhpehu 4<<71

^49` P1 Kxug dqg N1 PfJduu|1 _Wkh Suhglfwlyh Ydolglw| ri Vxemhfwlyh Suredelolwlhv ri Vxuylydo%1

QEHU/ 94<6/ 4<<:1

^4:` P1 G1 Kxug1 _Pruwdolw| Ulvn dqg Ehtxhvw%1 Hfrqrphwulfd/ 8:+7,=::<~;46/ Mxo| 4<;<1

^4;` M1 H1 Lqjhuvroo dqg V1 D1 Urvv1 _Zdlwlqj wr Lqyhvw= Lqyhvwphqw dqg Xqfhuwdlqw|%1 Mrxuqdo ri

Exvlqhvv/ 98+4,=4~5</ 4<<51

^4<` V1 Ndsxu dqg M1 Ruv}dj1 _D Sruwirolr Dssurdfk wr Lqyhvwphqw dqg Dqqxlwl}dwlrq Gxulqj

Uhwluhphqw%1 Elunehfn Froohjh Zrunlqj Sdshu/ Pd| 4<<<1

^53` O1 M1 Nrwolnr� dqg D1 Vslydn1 _Wkh Idplo| dv dq Lqfrpsohwh Dqqxlwlhv Pdunhw%1 Mrxuqdo ri

Srolwlfdo Hfrqrp|/ ;<+5,=6:6~6<4/ 4<;41

^54` O1 M1 Nrwolnr� dqg O1 K1 Vxpphuv1 _Wkh Uroh ri Lqwhujhqhudwlrqdo Wudqvihuv lq Djjuhjdwh

Fdslwdo Dffxpxodwlrq%1 Wkh Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;<+6,=:39~:65/ 4<;41

^55` U1 Phuwrq1 _Rswlpxp Frqvxpswlrq dqg Sruwirolr Uxohv lq d Frqwlqxrxv0Wlph Prgho%1 Mrxu0

qdo ri Hfrqrplf Wkhru|/ 6=6:6~746/ Ghfhpehu 4<:41

^56` P1 D1 Plohyvn|1 _Rswlpdo Dvvhw Doorfdwlrq Wrzdugv Wkh Hqg ri Wkh Olih F|foh= Wr Dqqxlwl}h

ru Qrw wr Dqqxlwl}hB%1 Wkh Mrxuqdo ri Ulvn dqg Lqvxudqfh/ 98+6,=734~759/ Vhswhpehu 4<<;1

^57` W1 Z1 Pluhu1 _Wkh Glvvdylqj ri Dqqxlw| Zhdowk dqg Pdunhwdeoh Zhdowk Lq Uhwluhphqw%1

Uhylhz ri Lqfrph dqg Zhdowk/ 73+4,=;:~<:/ Pdufk 4<<71

^58` R1 V1 Plwfkhoo/ M1 P1 Srwhued/ P1 M1 Zduvkdzvn|/ dqg M1 Eurzq1 _Qhz Hylghqfh rq wkh

Prqh|*v Zruwk ri Lqglylgxdo Dqqxlwlhv%1 Dphulfdq Hfrqrplf Uhylhz/ ;<+8,=45<<~464;/ 4<<<1

^59` F1 Pxoolq dqg W1 Sklolsvrq1 _Wkh Ixwxuh ri Rog0Djh Orqjhylw|= Frpshwlwlyh Sulflqj ri

Pruwdolw| Frqjwlqjhqw Fodlpv%1 QEHU Zrunlqj Sdshu 9375/ 4<<:1

^5:` M1 P1 Srwhued dqg G1 D1 Zlvh1 _Lqglylgxdo Ilqdqfldo Ghflvlrqv Lq Uhwluhphqw Vdylqjv Sodqv

dqg wkh Surylvlrq ri Uhvrxufhv iru Uhwluhphqw%1 QEHU Zrunlqj Sdshu 8:95/ +Zrunlqj Sdshu

8:95,/ 4<<91

^5;` V1 I1 Ulfkdug1 _Rswlpdo Frqvxpswlrq/ Sruwirolr dqg Olih Lqvxudqfh Uxohv iru dq Xqfhuwdlq

Olyhg Lqglylgxdo lq D Frqwlqxrxv Wlph Prgho%1 Wkh Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ sdjhv

4;:~536/ 4<:81

^5<` V1 Urvv1 _Xvhv/ Dexvhv dqg Dowhuqdwlyhv wr wkh Qhw Suhvhqw Ydoxh Uxoh%1 Ilqdqfldo Pdqdjh0

phqw/ 57+6,=<9~435/ 4<<81
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^63` H1 Vrqghujhog1 _Dqqxlw| Shuvlvwhqf| Vwxg|%1 OLPUD Lqwhuqdwlrqdo dqg wkh Vrflhw| ri Dfwx0

dulhv/ 4<<:1

^64` O1 Wuljhrujlv1 Uhdo Rswlrqv1 Wkh PLW Suhvv/ Fdpeulgjh/ Pdvvdfkxvhwwv/ 4<<91

^65` P1 H1 \ddul1 _Xqfhuwdlq Olihwlph/ Olih Lqvxudqfh dqg wkh Wkhru| ri wkh Frqvxphu%1 Uhylhz

ri Hfrqrplf Vwxglhv/ sdjhv 46:~483/ Dsulo 4<981

^66` W1 \djl dqg \1 Qlvkljdnl1 _Wkh Lqh�flhqf| ri Sulydwh Frqvwdqw Dqqxlwlhv%1 Wkh Mrxuqdo ri

Ulvn dqg Lqvxudqfh/ 93+6,=6;8~745/ Vhswhpehu 4<<61
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