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Evolutionary Portfolio Theory — Professor
Thorsten Hens

Thank you for inviting me. To figure out the first difference in the welcome and
opening remarks, the headline was “moving from the normative to the positive”.
My talk isto deal with the normative, because it isimportant to give advice and to
think about the best trading rules and not simply to describe how people behave
like in behavioural finance or to generate models which give us the same type of
anomalies as we find in data. We want to get some advice from the researchers,
which iswhy you pay us, why you go to university. That isthe good news of my
presentation and the bad newsisthat | shall not give you very precise advicein the
sensethat | shall tell you buy thistalk or buy the others' talk. However, | want to
give you a new way of framing portfolio decisions where these ideas are borrowed
from evolutionary biology, so after having econophysics we now have
econobiology. What we do isthe Darwinian story of the stock market, whichis
the Survival of the Fittest at Wall Street.

At this stage, | should mention that | have two co-authors: Igor Evstigneev from
Manchester University and Klaus Schenk-Hoppe who now moves to Copenhagen
University. We will come back to those names because my presentation has a
very traditional form. | make simplifying assumptions and | do not show you
simulations but | prove two theorems, because it isimportant to understand what
isthe reason for what.

Let uslook at the analogy between biology and finance. Thisisthe analogy which
we draw: survival of the fittest at Wall Street. The first thing that isimportant in
biology isthat the different agents are described by the strategy that they follow.

It is not important whether this rabbit has a certain appearance, what isimportant
is whether this animal is playing the strategy of the rabbit or that of afox, the
strategy of ahawk or that of adove. Thisisthe first and most important shift of
your thinking, because you do not want to look at the performance of individual
investors but at the performance or strategies.

In finance, the strategy, at least in this example, isthe portfolio rule. Therefore,
we want to see what is the performance of the mean variance rule as compared to
the condition of the condition value at risk rule, the expected shortfall rule, as
compared to the behavioural finance rule based on prospect theory or whatever.
Theindividual investors may well switch those rules, so that they may sometimes
use this rule and sometimes another rule. First, we want to look at the market in
terms of rules.

Why isthisimportant? What drivesthe pricesis not who is buying or who is
selling but according to which rule certain wealth is managed. The second
ingredient is resources, so whereas in biology certain animals are fighting for food
or other types of resources, and in finance you and | are fighting for one sort of
food which ismoney. Therefore, the resource for which you will competeisthe
market capital.

Then there are two forces in this evolutionary type of reasoning. One forceis
something which makes a certain ecology or certain population of strategy
simpler, that isthe selection force. The selection goes by gainsand losses. If
somebody makes a huge gain, you can be sure that there must be somebody who
has made a huge loss. The selection process makes the population simpler,
because some strategies will die out but then there is this countervailing force of
mutation. Whenever some pool of strategies may become too simple, too narrow,
for a certain reason there are other strategies popping up and invading this pool.

m Evolutionary Finance: An Illustrative Example — Asset Allocation
on DJIA

We have thisidea, the strategy, the resources, the selection and the mutation as the
two countervailing forces. This may be alittle abstract, so in order to keep you
awake after our nice lunch, you should participate in this evolutionary finance
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issue. | have a nice example and everyone of you will now pick one of the most
prominent portfolio rules and we define an ecology in thisway. We define how
many people have chosen CAPM rule, how many the mean variance rule and so
on, then we do a contest in the sense that we let you play against each other on a
stylized market.

Let us start with this example and afterwards | shall give the model, | will show the
theorem though | shall not prove the theorem. We start from a known dividend
process. Known is some exogenous dividend process. We have collected dataon
the Dow Jones Industrial Average and collected what was the total amount of
dividends paid out by the firmsin the DJA. Soitisnot the dividend per share but
the total amount of dividends they have been paying out to all the shareholders
from 1981 to 2000. Now we assume that this dividend processis stationary, which
is aterrible assumption for which | am sure you will kill me. However, | shall talk
afterwards about what happens if it is non-stationary.

According to this type of random process, dividends are paid. However, you do
not know the returns, because they are the dividends plus or minus the capital
gains. Thereturns depend on the prices and these are determined by your
strategies. So you are playing a game in a certain sense, thisis evolutionary game
theory if you like, against the others in this population who are the men and
women in this room.

The task is to choose what we call aportfolio rule and to make things simple,
before we move to the advanced things, we choose a simple portfolio rule. What
isasimple portfolio rule? Thisisa constant division of your wealth according to
the various assets which you can buy. Let me go through thisin order.

m 1) DJIA —Dividend Process

Thisisthe dividend process. Here you see something like 20 or 29 such dividend
policies which have been observed. Here you see the lock-up dividends, thereisa
growth rate in the dividend payments. Some firms follow a very smooth dividend
policy like this firm, and some firms love to go up and down with their investors
like this firm. Now you have to pick stocks once you know this dividend process.

B 2) Returns = Dividends + Capital Gains

The story goes on and | shall show you now how the prices are determined. The
prices are determined by what we have learned in economics for hundreds of years
by supply and demand. We have considered the dividends as the total dividend
payments of those firms so, in a sense, we have normalized supply to be equal to 1
by the way we have considered the dividends. Then, if you denote by A i,k the
percentage of wealth which strategy i invest in asset kin period t, then the price is
simply thisformula. Thereisno assumption, it is just by definition of the A, the
price of some asset k in period t is simply the average strategy which isplayed in
this pool of strategies. So the price of asset k is the wealth average of strategies
portfolio share of that asset.

This means, for example, that if we have a monomorphic population where
everybody plays the same strategy as in the Markowitz model, where everybody
plays mean variance, then the price has to be in accordance with only one rule
according to the mean variance rule. However, if you have a heterogeneous
population, the impact of every single strategy is proportional simply to the wealth
according to which the strategy is used.

m 3) Simple Strategies

Thisisthe price process. What does it mean to have asimple strategy? A ssmple
strategy is already quite sophisticated at |east for people who are not trained in
finance. A simple strategy is arebalancing strategy in a certain way. For
example, you have committed to have 60% of one asset, 40% of the other asset,
you fix these proportions over time which means that, when the prices fluctuate,
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you have to adjust the unitsin order to keep your wealth proportions. If
everything goes find and, for example, prices fluctuate around atrend like this, on
average you sell when prices are high and you buy when prices are low. So every
such strategy hasthis feature, they all have these rebalancing strategies. The only
guestion is which weights to balance.

® Mean Variance Analysis Catch 22

There are some rules from which you can choose. One rule is the mean variance
portfolio selection, and | do not have to explain to you how this figure is achieved.
Thisisthe mean variance rule where we compute the mean variance portfolio,
here is the tangential portfolio and thisis a certain way of splitting up your
investments among those assets.

The other rule is the capital asset pricing rule. The capital asset pricing model is
already a huge step from the mean variance, because the capital asset pricing
model says suppose everybody does mean variance, what is the consequence of
thisin equilibrium. The result was given by Sharp, Mossin and Lintner. |If
everybody does the mean variance rule, then everybody buys the market portfolio
which means that the lambdas you have seen before are equal to the market
capitalization, divided by total market capitalization.

The second rule which you can choose isthe CAPM rule but be aware that there
are two different rules. In heterogeneous populations where not everybody plays
the mean variance rule, the CAPM rule is something different from the mean
variance rule, because Markowitz rule and Sharp, Mostyn and Lindner’srule are
connected in the sense if everybody plays the mean variance, then the mean
variance isthe capital asset pricerule.

What isthe Catch 22 of mean variance analysis? If you do the mean variance
portfolio, by then you have bought a mean variance efficient portfolio, however
you are under-diversified. If you do the mean variance portfolio, therefore, you
only hold five such assets out of 29 such assets. Now you may say that under-
diversification does not mean anything to me; | want to be mean variance
efficient. However, be careful asit will eventually turn out to be important. 1f
you buy the market portfolio, you are completely diversified but you are not mean
variance efficient, because only if everybody plays the mean variancerule isthe
market portfolio mean variance efficient. So thisis a problem with what you
might have learned in your finance classes, which | call the Catch 22 of mean
variance analysis.

Something el se that you can do, which has already been mentioned, is you can say
that varianceis not avery good risk measure, so perhaps | should look at value at
risk. Value at risk is not a good risk measure, so we have to look at conditional
value at risk or expected shortfall. Thisistaking the conditional expectation to the
left of the value at risk point. Thisisacoherent risk measure in the sense my
colleaguesin Zurich have defined it. Thisisthen the conditional value at risk
portfolio which, based on these data, looks very similar to the mean variance
portfolio.

A fourth rule which you can use is you can say | believe in the efficiency of
markets, so | do not do any sort of complicated optimization but | simply trust that
the prices follow expected dividends, and perhaps | should hold a portfolio which
is proportional to these expected dividends. Do the expected cash flow
considerations then in some stationary world you will find that expected dividends
will be a good approximation for these prices.

Thisisthe expected dividends portfolio and you can also do something which was
recommended in the 1970s, which is the maximum growth portfolio. If you want
to maximize your growth rate, thisis anice idea, however it is also very under-
diversified and very sensitive to the errorsin the expectations as we know. This
the growth optimal portfolio.
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m Behavioral Portfolio Rule 1; “Real Man is Unlike Economic Man”

Now we come to behavioral portfolios. Thisisavery beautiful portfolio which
many traders seem to follow. Thisiscalled illusionary diversification by Benartzi
and Thaler. | always say that thisis my grandmother’s portfolio, because when
you have very many children, you have to put equal weight on your children. This
is putting equal weight on all those assets.

B Behavioral Portfolio Rule 2; “Real Man is Unlike Economic Man”

Y ou can also do the prospect theory portfolio. Thiswas explained very nicely
during the lunch break. The prospect theory hasthisloss aversion characteristic,
the convexity here and the concavity there. It has this weighting of probabilities
and so on. We can compute the prospect theory portfolio and hereiit is, you might
think that thisis awise thing to do.

Now you need to think about which portfolio would you choose. Thereisthis
dividend process which | have visualized. | did not give you any
variance/covariance matrices but | simply visualized it with this chart. There are
these portfolio rules and be aware they are in competition with each other. So it
depends now on what the others will be responding.

m My Simple Portfolio Rule

Now | want to put in what is the ecology of this market by asking you. Let us start
with mean variance — who isinclined to use mean variance in this competition in
thisartificial market? [counts] It would be nice to have at least one of each!
[laughter] Who thinks that Freddy Deldaen and my colleagues at the ETH in
Zurich have found the trick which is to do the expected shortfall or conditional
value at risk portfolio? Who would invest in this portfolio? [seven] Next,
expected dividends, who thinks Fama got it right? [26 approx.] Isit because you
have not been there for lunch? [laughter] There was so much talk about
behavioral things, perhaps the wine distracted you from the presentation. Who
thinks the growth optimal strategy isagood idea? [eight] Who thinks my
grandmagot it right to put equal weights? [five] Who thinks that with prospect
theory Kahneman and Tversky got it right? [11] Mark Salmon is one of those.
Finally, who thinks that the CAPM strategy is a good one in this type of
competitive situation — nobody?

Now we shall do only 100 iterations because my computer isso slow. | will show
you what happens if you do many more iterations. Here are the dividends now
normalized and, if | push the command button, you see in period zero is the first
population of wealth, so | assume that everybody has invested the same amount of
wealth according to the strategy. Then we have a wealth selection process. If
somebody gains, he has less wealth and then in the next round his strategy will only
be managed according to lesswealth. What we are looking at is the wealth selection
process and what we are following now is the evolution of wealth over time.

Question: You are doing afixed mixed rebalance to one of these portfolio rules
each period?

Thorsten Hens: Yes, itis. We come to the non-simple strategies later. Y ou see
that most of you got it right. This Fama expected dividends rule seemsto be very
important in this.

Question: How did granny do?

Thorsten Hens: Let ussee. Equal weightsis here, which means equal weightsis
still better than the growth optimal portfolio and still better than the CAPM. What
we learn from thisisthat in this population, where already many traders use the
expected dividends rule, the expected dividends rule is the best rule. Now you
might conjecture that, in a different population where everybody uses the prospect
theory rule, perhaps the prospect theory rule isthe best one. This only tellsyou
that, for thisinitial population, you get this type of result.
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Let us see what happensin more general cases. Let metry to continue my
presentation from here. | was surprised by the presentations before. | have given
presentations to other leading investment banks and it never happened that they let
me present one of my beautiful formulae but, since | have been here this morning
and have seen the copula and many variations and other beautiful formulae, |
thought that perhaps | should show you the real thing. [laughter] | should show
you what is going on in this type of result.

® TheModd

The model we have here isthe simple tree model. Itisatree model in adouble
sense: first, because the uncertainty is driven by a finite number of branchesin
every period, so afinite number of statesin every period, and, secondly, in the
sense that we have these dividends being paid off, so they are Lucas trees as they
are giving you the apples that you can then eat. What we are looking at is the X i,k
t, which is the percentage of wealth which you invest in asset k according to
strategy i. Theimportant equation is this one, which is the evolution of wealth.
Thisisthe wealth of all traders using strategy i in period t, which, of course,
depends on the uncertainty up to period t. How does this determine the wealth in
the next period? By some stochastic interest rate in a sense, because what isin the
round brackets here are the stochastic interest rates by which your wealthis
multiplied from period t to the next period, which is given by your returns. There
is nothing new here. Thisisthe dividend and thisisthe capital gain divided by the
price of the previous period. Y ou must have seen this formula many times but it
already gives you the most important ingredient of this model, which isthe
multiplicative wealth process.

® Equilibrium Prices

The equilibrium is given by this formulaand | plug in some of these omegas to
say these are stochastic prices, they are not deterministic, but they depend on the A
which in some cases can be simple as before. Depending on't or whatever, they
can be adapted to the uncertainty but they also depend on the wealth distribution.

What happensin atypical run isthe following situation. Here | have done atypical
run where the best strategy again is the expected dividend strategy. However, we
have given the best strategy very littleincome at the beginning, so we have given it
only 1 per mil of the total income, so it is only one-tenth of a percent of the income
in the market. Initially, some strategies flourish. For example, thisisthe prospect
theory strategy which doesvery well initially. However, this strategy gradually
grows and will eventually, after some period, take over thismarket. So thereis
something specia with this Famarule in this type of reasoning. You may say that
thisisasimple one and does not tell you anything.

The next thing is to ook at the mean of those runs, so we have done hundreds of
such runs and have computed the mean performance. Again, thisisthe expected
dividends portfolio, thisis the prospect theory portfolio. So the ssimple run was
somewhat characteristic for the means. Y ou can also look at the standard
deviation, so thisisthe mean +/- 1 standard deviation, and what was surprising to
me, at least, isthat thereis not much risk in asense. So the standard deviation
bands are very narrow and they do not even widen but at the end they become
narrow again. Inthistype of market, there is a simple normative theory: please
choose your portfolio according to the expected relative dividends, whichisa
fundamental strategy.

Question: Did you ever say how expected dividends were predicted?

Thorsten Hens: No, thereis nothing to predict. We assume a stationary process,
we even assume an ergodic process, which means that we can use the historic
sample mean as the best predictor for the future expectations. Thisisthe very
nasty assumption which is able to drive our results.

Refer to important disclosures at the end of this report. 45



Asset Allocation Almanac: Special Report #4 — August 2002 %ME"‘“I I.vnch

46

m Analysisof the Evolution of Relative Wealth

Thisisthe tool of how to analyze this. Y ou canlook at thisin terms of relative
wealth so, instead of looking at absolute wealth, divide each wealth by total
weslth, look at this equation which you have seen before in terms of relatives.
Thisrelative wealth is strategy i, this price is divided by the total wealth and the
dividends are divided by total wealth. Why do | do this renormalization?

B Random Dynamical System

Because this gives us the price formula and this gives us a new object which we
can analyze mathematically, as this mapping from relative wealth in period t to
relative wealth in period t+1 is the so-called random dynamical system. Itisa
dynamical system living on the simplex of dimension of the number of strategies.
It is not a deterministic dynamical system but it is a stochastic dynamical system,
which we call arandom dynamical system. We are fortunate that, during the last
20 or years or so, the mathematics have been discovered to analyse these random
dynamical systems. My co-author Klaus Schenk-Hoppe gained a PhD working on
these random dynamical systems.

When you go through the analysis of this wealth processin relative terms, you see
the key term which is driving the evolution of wealth. The key term is this object
here, which is the exponential growth rate of the wealth of strategy i ina
population where the population plays strategy n. What isthis? Thisisthe
expected logarithm where here you have these dividends, here iswhat strategy i is
putting on asset k, and here is what the incumbent strategy, in a sense the
incumbent monomorphic strategy n is putting on asset k. So thisthing hereisthe
key element by which you can explain the results which you have seen before.
Theorem 1 by Evstigneev, me and Klaus Schenk-Hoppe is saying suppose
dividends follow in an ergodic process and consider those simple strategies, then
there is one such strategy, this A strategy, where you put your wealth according to
the relative expected dividends. This strategy is the so-called single survivor,
which means, as you have seen in the simulations, that this strategy will eventually
hold all market wealth.

Or, to put it into game theoretic terms, imagine that thisisagamein acertain
sense, imagine there is some other strategy at A head, then A" is going against A
head. Imagine there is A" in the market, then A head is decreasingly against A", or,
in a certain sense, A" is the dominant strategy of this game.

This, again, isthe theorem | once presented to UBS and then somebody told me
that this works for Dow Jones data, so does it also work for Swissdata. That is
the theorem, right? So this says that whenever this assumption istrue, then this
theorem holds.

m Corollaries

What are the corollaries of the theorem? First of all, grandmagot it rightina
certain sense. Y ou should never use an under-diversified portfolio. Why?

Imagine that you omit to put some wealth on a certain asset k and then looking at
this growth rate, if you put a zero here, it istrivial to see that there is some other
strategy which drives you out of the market, there is some other strategy which
goes against you. It only needsto put an epsilon for this asset where you have
omitted to put some wealth. Never use an under-diversified strategy, thisis fatal
for your strategy.

The CAPM strategy, however, isaclever one, it is a passive imitation strategy. |If
you remember the price formula, according to the CAPM strategy you would like
to buy proportionally to the market capitalization. We have assumed thereisa
supply equal to one, so the market capitalization is the prices here, which means
that the capital asset pricing strategy means that, whatever happens in this market,
you will follow the winning strategy, because you choose the A according to the
prices. Hereisthe selection process but you aways follow the winning strategy.
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If this convergestoA”, the CAPM strategy, without knowing anything, follows the
best winning strategy. So mean variance is very bad from this point of view,
because it is under-diversified but CAPM is at least passive; it is following the
best strategy as an imitation rule. To put it into other words, if you do abuy and
hold strategy of the market portfolio, if you have 10% of the market at the
beginning, then you have 10% of the market at the end, because you do not trade.
Y ou have a simple buy and hold strategy.

m Whoisright: Classical or Behavioral Finance?

What did our theorem say? Our theorem says that Friedman and Fama got it right,
which isthat our theorem proved the market selection hypothesis, which Friedman
and Fama had put into place long before behavioral finance was developed. They
were saying the market selects for rational investors but now we can be alittle bit
more precise. We have to say in the long run market select for a specific type of
rational investors. Note that rationality is not clearly defined if you have a
heterogeneous popul ation against which you have to react. However, our theorem
saysthat, in the long run, market select for A*, a specific type of rational investors.

Who isright? Behavioral finance says that real men do not behave like economic
men but Friedman and Fama would say that real men will be driven out of the
market, and thisis what we have proved here.

m Great, but ...

Now we come to the “great, but”. Thisis not all that easy because the founder of
behavioral finance along time ago, John Maynard Keynes, said that, first of all, in
the long run we are all dead, and our result is an asymptotic result for the long run.
Even though you are young, you might say that after 100 yearsif | am evaluated,
this may not be arelevant horizon for me. Secondly, markets can remain
irrational longer than you can remain solvent, which is also from Keynes. This
means that, if you follow thistype of strategy and if you wait for the long run like
LTCM, who were following some type of fundamental strategies and, they would
have been right. However, in the short run, they ran out of money.

The question then is: can the performance be improved by using non-simple
strategies, which means by switching strategies. Thisis now the second stage. We
have discovered what is the best simple strategy and perhaps we can do something
more clever. Perhaps we can choose the strategies from time to time, so we can
switch those strategies and then get some time-dependent, more complex strategies.

B Note That )" Does Not Grow Fastest In All Populations

Coming back to this slide, you can see that it would be a better strategy, first, to
follow prospect theory to get the growth out of this market where you have so
many prospect theory guys. Mark said over lunch that behavioral financeis
popular and everybody does this, so perhaps we should follow prospect theory for
a while and only when you discover some other strategy like A" has a better
advantage, you should switch to some other strategy.

Initially, prospect grows faster than A" and thisis the so-called “market risk”. The
fundamental strategy of Fama has the risk that some other behavioral strategy is
growing better if there are many behavioral guysin the market.

B Credo of Non-Simple Strategies

What is the problem with this point of view? It isafunny problem and nobody

has thought through this before, | claim. If you go to this reasoning, what you
should do in every period of timeisfigure out what is the behavioral anomaly of
the market. What are the behavioral problems with probabilities, base rule,
disposition effect and all these type of things. Then you want to make a clever
strategy which is exploiting these behavioral problems of the other traders. Thisis
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the advice behaviora finance gives you and DeBondt and Thaler have been very
successful in doing those strategies. They look at market anomalies and they
insert a strategy into this market which exploits this anomaly.

m Catch 22 of Behavioral Strategies

What is the problem with this? It iswrittenin red here. You try to exploit the
behavior of others but be sure they try to exploit the behavior of you! Thisisnot a
stable situation in a sense because, when you think you are cleverer than someone
€l se because you might live on his behavioral anomalies, he might also think heis
cleverer than you and that he can live on your behavioral anomalies.

What isthe only solution to this type of Catch 22? The only solution is the Nash
equilibrium, because in the Nash equilibrium everybody is playing the best
response against everybody else. So only this can be a stable sort of situation.
Moreover, we would like to require that the Nash Equilibrium is evolutionary
stable, i.e. it cannot be turned over easily by the innovation of new strategies. If
you are not playing an evolutionary stable Nash equilibrium, the population is
very fragile to certain entrance into the pool of strategies.

m Nash Equilibrium and “Invasion Risk”: Theorem 2

Our second result says that only A", which you have seen before, isan
evolutionary stable Nash equilibrium in thistype of game. Thereisthis story,
where there is the conclusion that there may be a changing chain of market
anomalies. In our theorem, you would phrase it in the following way. Imagine A*
isthe strategy which is played in the market at one point intime. Then you see
here that 1> can invade the market, so A> can drive out A'. Now imagine that ®is
in the market and you see that A2 can drive out A>. Now imagine that A% isin the
market, then Farmer & Lo give examples that, again, A" is driving out A2
Therefore, you can have these cycles where you have various strategies. Itislike
these Escher visual optical illusions where you always go up the stairs but you end
up where you were before. Our theorem says that only if " isin the market, this
strategy is, first, the Nash equilibrium and, secondly, it is a stable Nash
equilibrium in the evolutionary sense. This strategy cannot be driven out by a
small fraction of invaders. Thisis our theorem 2, this fundamental strategy isthe
unique evolutionary stable strategy.

B Market Selection Hypothesis: Mutation Risk

Thisisto remind you what we have seen recently in the data. Herel did
something very simple and | should not become famous for this, because Shiller
has a similar graph, which however stops here. | just plotted the nominal GDP of
the US against the total dividends paid out by the firmsinthe US, so this
somewhat resembles fundamental values. Here isthe market capitalization. So
thered thing is the prices, the market capitalization. What you see at the
beginning of the 1980s is that they were in accordance with each other. Then
there was this sudden take-off in the middle of the 1990s and now we are closing
the gap — when you travel by Tube they always say “mind the gap”. That isthis
part here, “mind the gap!”.

How does this confirm our theory? | would say that 1980 to 1990 this was an
evolutionary stable situation where, when you only have a small number of
invadersin the market, a small fraction of people doing momentum strategies and
this type of thing, you will remain in a stable situation. However, evolutionary
stability does not tell you what happens if thereis abig push, if thereis ahuge
new population coming in which happened here. So there was a big push towards
momentum strategies, which was fuelled by new words such as “ new economy”
and this type of thing. Then we know that this type of situation cannot be stable,
because any population mix, which hasirrational strategies against those who can
do very simple changes, very small population changes, which leads you back by a
sequence of population changes, will lead you back to close the gap to the
fundamental values.
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m Hintsfor Portfolio Management

What are the hints for portfolio management? Y ou should be careful with thisas
it is based on stationarity assumptions and perhaps you should not trust
stationarity assumptions too much. If you want to derive atheoretical result, it is
hard not to do any stationarity assumptions.

For example, even if you do an evolutionary trading algorithm, in order that this
may help you for the future, you implicitly have to assume that there is some sort
of stationarity inthe data. If the futureistotally different from the past, you
should not do any type of optimization.

We have assumed the stationarity and ergodic process is already more general
than you find in most of the classical finance papers. Based on these assumptions,
therefore, we have four recommendations. First, if you are sufficiently patient, for
exampleif you are running a pension fund, an insurance company or whatever,
thereis an optimal simple strategy, there is no doubt about that and thisis)”. .
Secondly, do not use an under-diversified strategy, because you can easily be
driven out of the market as we have seen. Thirdly, in the short run the optimal
portfolio depends on the ecology of the market, thisis unstable because there are
all these new strategies which can invade the market. However, arational market,
a)\ market is stable.

That is my presentation. Now | hand you over to Bart again.
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7.

Concluding Remarks — Bart Dowling

Thank you one and all for coming. When | first suggested that we should do this
conference, | was looked at with a degree of bemusement and shock on behalf of
some of the people with whom | deal, as they did not think there were that many
of you — people who would tolerate, as Thorsten said, a high degree of
mathematics being put to them on such a concentrated basisin one day. However,
the good newsisthat you are here and for that | thank you.

As| said at the outset, | have consciously decided to evolve my roleinto providing
ahigh-end ‘niche’ or ‘boutique’ facility within the finance industry — what
continues to surprise is exactly how large this‘niche’ is. | hope to make this an
annual event and, asin any system dynamic equation, feedback isimportant. Y our
‘feedback’ in the form of attendance is well appreciated and no doubt | anticipate
we shall have an even larger gathering next year.

Refer to important disclosures at the end of this report.
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