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ABSTRACT

EMPIRICAL STUDIES OF THE DIRICHLET PARAMETRIC
FAMILY OF UNIVERSAL PORTFOLIOS

Khoo Ee Sin

In Chapter 1, we give a brief introduction of the universal portfolio. In Chapter
2, the Dirichlet parametric family of universal portfolios and the Helmbold-
Schapire-Singer-Warmuth (HSSW) universal portfolios are introduced
together with their computational algorithms. In Chapter 3 and 4, we compare
the performances of the Cover-Ordentlich and the Helmbold-Schapire-Singer-
Warmuth (HSSW) universal portfolios using some stock-price data selected
from the Kuala Lumpur Stock Exchange. In Cover (1991) and Cover and
Ordentlich (1996), the study is focussed on the parametric values a = (1, 1,
..., ) and a = (1/2, 1/2, ..., 1/2) of the Dirichlet family of universal
portfolios. The empirical studies of the Dirichlet family of universal portfolios
is extended to a combination values of @ different from (1, 1, ..., 1) and (1/2,
172, ..., 1/2). 1t is shown in this thesis that these general universal portfolios
can outperform the Dirichlet (1, 1, ..., 1) and Dirichlet (1/2, 1/2, ..., 1/2)
universal portfolios in both non-volatile and volatile periods of trading. In
particular, we show that a universal portfolio can overcome the uncertainties
of an economic downturn like the financial crisis in 2008 with regard to
investment returns. Comparative study of the performances of the Dirichlet

and HSSW parametric families of universal portfolios is also conducted. In

ii



Chapter 5, we introduce a simple market model known as the DOSES model
that is, Dominating Stock with Equal Subordinates model to study the
S

asymptotic behaviour of the ratio of capitals S—” where S, is the universal

capital achieved in n trading days by the universal portfolio and S; is the

optimal capital achieved by the best constant rebalanced portfolio. The

A

. . S . .
asymptotic behavior of —Z is a measure of the performance of the universal

n

A

portfolio strategy. Cover (1991) proved the asymptotic behaviour of % for

n

the uniform universal portfolio, Dirichlet (1, 1, ..., 1) subject to certain

regularity conditions on the maximizing sequence b, achieving S’ and the
doubling rate of capital W, and the determinant of the sensitivity matrix J; .

For the general Dirichlet (¢, &, ....,&, ) universal portfolios, a conjecture on

S,

the asymptotic behaviour of 5 due to Tan (2002a) is available. The

objective of Chapter 5 is to test the validity of the conjectured behaviour of

S,

% by using real stock data modelled as a DOSES market. The conjectured

behaviour is observed to be true based on investment in a DOSES market

using the Dirichlet (¢, ¢, ,...,¢,) universal portfolio.
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CHAPTER 1

INTRODUCTION

1.1 Portfolios in Investment

In the literature, the distributional approach is the most common
approach for determining portfolio strategy by minimizing certain risk
measures. This approach assumes that there is an underlying distribution of the
stock price relative vectors or they follow a certain stochastic process like
Brownian motion. In this thesis we do not assume any probability distribution
of the stock prices. The investment portfolio obtained is ‘universal’ in this

sense or distribution-free.

A constant rebalanced portfolio is an investment strategy that keeps the
same distribution of wealth among a set of stocks from day to day. That is, the
proportion of total wealth in a given stock is the same at the beginning of each
day. Some define a ‘constant rebalanced portfolio (CRP)’ as one which
preserves the proportion of investment in the various assets: that is, ‘shedding’
for stocks that rise, ‘topping up’ for those that fall. There is a certain CRP
which is best in terms of investment return. However this best CRP can only

be determined in hindsight.



Recently there are works on on-line investment strategies which are
comparable with the best CRP determined in hindsight (Cover, 1991,
Helmbold et al, 1998, Blum and Kalai, 1997, Cover and Ordentlich, 1996a,
Ordentlich and Cover, 1996b, Cover, 1996c). Specifically, the daily
performance of these algorithms on a market approaches that of the best CRP
for that market, chosen in hindsight, as the lengths of these markets increase

without bound.

There has been much work on Cover's universal portfolio, which is
comparable with the best constant rebalanced portfolio determined in
hindsight (Cover, 1991, Helmbold et al, 1998, Blum and Kalai, 1997, Cover
and Ordentlich, 1996a, Cover, 1996c). Cover (1991) has exhibited an
algorithm for portfolio selection that asymptotically outperforms the best stock
in the market in accordance with theory. In this thesis, we focus on the work
of Cover (1991) and Cover and Ordentlich (1996). Cover (1991) has proved
that the wealth achieved by his uniform universal portfolio algorithm is
optimal compared with the best constant rebalanced portfolio. Cover and
Ordentlich (1996) introduced the notion of side information and generalized
Cover’s uniform universal portfolio to the Dirichlet parametric family of
universal portfolios. Emphasis in Cover (1991) and Cover and Ordentlich
(1996) are on the Dirichlet (1, 1, ..., 1) and (1/2, 1/2, ..., 1/2) universal
portfolios.  There is no study on the general Dirichlet (¢, @,,....,,)
universal portfolio until the theoretic work of Tan (2002b) which generalizes
the performance bounds in Cover and Ordentlich (1996). In this thesis, we

intend to perform the empirical studies of the Dirichlet (¢, ,,...,&,)



universal portfolio by using real stock data from the Malaysian Stock
Exchange. Emphasis will be on two and three stock portfolios and investment
returns by using the Dirichlet (¢, ¢, ,...,¢,,) universal portfolios. The ability

of the universal portfolio to overcome the economic downturn brought by the

financial crisis of 2008 has been shown in the study.

1.2 Literature Review

1.2.1 Stock Market, Portfolios and Wealth

Consider a portfolio consisting of m stocks and the investment model
known as the uniform universal portfolio, introduced by Cover (1991). Cover
and Ordentlich (1996) have introduced the Dirichlet weighted universal

portfolio. For each trading day, the performance of the stocks can be denoted

by the nonnegative price-relative stock vectors x,= (x,, X ,,...,x, ) Where

v = price of ith stock at end of day n
i~ price of ith stock at beginning of day n

Typically x, is near 1.

For example:
e [f the price at end of day = price at beginning of next day, then

Price relative = 1 = no change in price.

e [f Price = $1.50 at beginning of day, and
Price = $2.00 at end of day, then

Price relative = 2.00 _

1.50

o

4 _
3= 1.333.



This implies that the price increases by 1/3.

e [f Price relative = 0.9 = price decreases by 10%.

Definition 1.1
A stock market is a sequence of random vectors of price relatives where the
stock-price-relative vector on day n is:

x, =x,x,..x,), x,20 i=12..m
where m is the number of stocks in the stock market and x, is the price

relative or return of stock i on day » that can be expressed as:

v = price of ith stock at end of day n
"~ price of ith stock at beginning of day n

(1.1

Definition 1.2

An investment portfolio is a probability vector, i.e. the portfolio on day » is:
b=0,0b,,...b,,), >b,=1, b,>0

where b, is the proportion of the investor’s capital invested in stock i on day n

fori=1, 2, ..., m. The portfolio b, is also an allocation of investment wealth

across the stocks.

The portfolio and the capital on day » are listed in the following table:

U S N N
Portfolio on day n b

Capital at

bnlSn-l anSn-l oo bniSn-l oo bnmSn-l
beginning of day n

Capital at
bnlSn-l Xn1 anSn-l Xn2 coc bniSn-l Xni coo bnmSn-l Xnm
end of day n



where S, _ | = capital of the previous day (that is at end of dayn— 1),
= capital at beginning of day n.
Suppose we hold y units of stock i, then

o = (price of ith stock at end of day n)(y unit)
" (price of the ith stock at beginning of day n)(y unit)

_ capitalat end of day n for stock i
B b.S

ni~ n—1

where b,; x,; S,-1 = capital at end of day » for stock i.
Assuming that:

Price at beginning of day n = Price at end of day n — 1.
Thus, the capital or the wealth relative at end of day n,

Sp=bx,S,_,+b,x,S +.+bx.S +..+b x S ,

ni“ ni- n—1

=0bx,+b,x,+..+bx +..+b x )S |

ni” ni

= (Z bnixnijsn—l
i=1

=, x,)S,,
where x, = (x,, X,,,...,X,,,) and the portfolio is defined by the weight vector
b, =®,b,,..b,,) suchthat b >0 for i=12,..,m
and b is the transpose of b, .

Thus, S, =@ -x,)b _,-x,,)S:2

= (br[z ‘ xn)(brtl—l ‘ xn—l)(brtz—2 *X,2) Sn-3

=0 -x)b _-x, .0 - x)So
= fl(b§ -x)S, (1.2)
j=1

where S = initial capital on day O.



Assume that the initial investment, Sy = 1 unit i.e. the initial capital is

normalized to one, then the investment capital at the end of the nth trading day

will be S, =[1®'x) (1.3)
j=1

1.3 Constant Rebalanced Portfolio

A constant rebalanced portfolio is rebalanced back to vector b on each

trading day in order that a fixed fraction of the wealth invested is held in each

of the underlying investment stocks. Thus, the resulting wealth, S after n

trading days is as follows:
S, =[]®' "X;) (1.3)
j=1

We take note that at the end of a particular trading period, say the n™
day, the proportion of wealth invested in each stock has changed from

xX.b,, x,b x b
(bnl’ bnz"“’bnm) to ( ';1 nl n2”n2 oy m;ﬂ nm
b bx;

b

Pt
x; bx;
and therefore stock must be bought and sold to restore the proportions of

wealth to (b, b,,,...,b,,) for the next trading period.

The best constant rebalanced portfolio vector b, with respect to a
sequence of known daily price relatives, x, = (x,, X,;, ..., X,,,) is the portfolio
b, which will result in a maximum S, over all b in B, , where the maximum is

taken over all possible portfolio vectors inB,, where the portfolio or



probability simplex B, in R" is defined as:

B, = {b =(byswby): D b, =1, 0<b, <1, i= 1m} (1.4)
i=1

1.3.1 Example of Constant Rebalanced Portfolio

As an example of a useful constant rebalanced portfolio, CRP, consider
the following market with just two stocks (Helmbold et al 1998, Ordentlich
and Cover 1996b). The first is a risk-free, no-growth investment stock whose
value never changes. The second investment is a hypothetical highly volatile
stock. The price relative of one stock remains constant and the price relative of
the other stock alternately halves and doubles. Investing in a single stock will
not increase the wealth by more than a factor of two. However, a (1/2, 1/2)

CRP will increase its wealth exponentially.

Stock 1 — Price relative stays constant
Stock 2 — Price relative doubles / halves alternatingly every two days

Price Relative Price Relative
of Stock 1 of Stock 2
Day 1 1 172
Day 2 1 2
Day 3 1 172
Day 4 1 2

If we let b = (1/2, 1/2) then the wealth of this example is:



2
1 1 3
S. =5, —1+—-2[==§
3 2(2 j 2 2
3 33 9
Sz+2:§St+1:§'ZSz:§Sz

The last equation shows that every two days the money grows by a

factor of % and over 2n trading days the money grows by a factor of (%jn

This implies that the money is growing exponentially fast.

14 An Overview of the Thesis

This thesis consists of five chapters. In Chapter 1, we give the
literature review and introduction of the universal portfolio. In Chapter 2, we
discuss the algorithms necessary to implement the Dirichlet parametric family
of universal portfolios for two and also three stocks. The Helmbold-Schapire-
Singer-Warmuth (HSSW) universal portfolios are introduced together with
their computational algorithms. In Chapter 3 and 4, the two-stock and three-
stock universal portfolios are run on selected data sets from the Kuala Lumpur

Stock Exchange and the results are discussed respectively. The empirical



studies of the Dirichlet family of universal portfolios is extended to a
combination values of A instead of the usual a = (1,1, ..., 1) or a = (1/2,
172, ..., 1/2) recommended in Cover and Ordentlich (1996). The significance
of the results is that higher investment returns in both non-volatile and volatile
periods of trading can be achieved by changing the parametric vector a. In
particular, we show that a universal portfolio can overcome the uncertainties
of an economic downturn like the financial crisis at the end of 2008, which is
considered a volatile period with regard to investment returns. Comparative
study of the performances of the Dirichlet and HSSW parametric families of
universal portfolios is also conducted. In Chapter 5, we introduce a simple
market model known as the DOSES market of data sets from the local stock
exchange and applying scaling on the parameters of the DOSES market to
obtain a sequence of maximizing vectors of the capital converging in the
simplex of portfolio vectors that satisfies the regularity conditions. The
finding, by running the portfolio on real data sets provides some empirical

evidence on the truth of a conjecture on the asymptotic behaviour of the ratio

A
A

of capitals, % where S, is the universal capital achieved in n trading days

*
n

and S: is the optimal capital achieved by the constant rebalanced portfolio.



CHAPTER 2

THEORY AND METHODOLOGY

2.1 Cover and Ordentlich Universal Portfolio

Cover (1991) introduced the uniform universal portfolio. In Cover and
Ordentlich (1996), they generalized this to the general Dirichlet

(¢,,a,,...,«,) parametric family of universal portfolios. The uniform

universal portfolio is the Dirichlet (1, 1, ..., 1) universal portfolio. In their
study, Cover and Ordentlich focussed on the Dirichlet (1, 1, ..., 1) and
Dirichlet (1/2, 1/2, ..., 1/2) universal portfolios. Formally, we define the

Dirichlet (¢, @, ....,, ) universal portfolio as follows:

Definition 2.1

Let x,x,,...,x, be asequence of price-relative vectors in n trading days.

n

The universal portfolio on day k£ + 1 generated by the Dirichlet (¢,, &, ,...,,,)

distribution 4 is given as follows:

-y

Iy, S ®)ut®)
[y S®)du)

2.1

k
where S, (b) =[]b'x; (2.2)
i=1

I'lo,, +...+ a,,)

and  dub) = F G5 "Fro, )

blal_l... bocmfl—lb::m _ldbldbz... dbm

m—1

10



o +...+ o) Ay o1
= = b;’ db 2.3
I'(a,))..I'Cat,,,) g J 2.3)

where o i> Oforj=1,2, ..., m and refers to the differential db with respect to
any m — 1 independent variables from b,, b, ,...,b, ;.

Since b +b,+.....+b, =1

b, =1—(b+b,+..+b, )

—1-Yb,
j=1

The integration of any function f(b) over B, means integration of f{(b) with

respect to db,, db,,...,db,,_, .

Note that: The gamma function is defined as:
()= j: ue ™ du for a >0. (2.4)

and

() = S [ [ e (o=

= (x —l)j : U e dy

[(x)=(x—1)(x—1) for x>1. (2.5)

For the uniform universal portfolio, (2.3) yields

du®) = (m —)\db,db,...db, ,  for @, =a,=.=a, =1

The following 3-dimensional graph shows a simple 3-stock uniform universal

portfolio, b’ = (by, by, b3):

11



b3

bl
dub) =2dbdb, since o =a,=0a,=1
2([5,S, (by.b,)db,db,
by =—2
T ] 8c@, by )ab,ab,
B,
2([ 6,8, (b,,b,)db,db,
by, , =—2 (2.6)
T [[8.,by)db,db,
B,
k
where S, (b,b,) = | | (bx;; + byx,5) and x; = (x;, x;,)
KOy, Dy 1Xi1 T Dy Xip
i=1
2.1.1 Method for Calculating the Universal Portfolio
The universal portfolio {I; i }7:1 achieves a wealth of
S, = Hl(b;. X)) (2.7)
=

at the end of n trading days where x|, x,,...,x, is the price-relative sequence.

n

Instead of calculating each I;j and the resulting product H(I;; $X;), 1t is
j=1

12



convenient to calculate S'n directly by using the telescoping of the product as

follows (see Cover and Ordentlich (1996)):
S, = Hl(b; "X ;)
=

w [ b'x.S._ (B)du®) k
- '[Bm 7 where S, (b) =]]'x,
i=1

j=1 J‘Bm S j—1(b)dﬂ(b)

AIO0
- j=1 IBm S j—1(b)dﬂ(b)

=, S,du(®) 2.8)

where jB S, du(b) = ij du(d)=1 (2.9)
and the initial investment capital Sy is assumed to be 1.

When k=1,

], bSydulb)
bl o
[, Sodulb)

[, bdulb)
y, dul)

:JB bdu(b) since JB dulb)=1 (2.10)

Asymptotically for large n, we have the property that

limsup(lnﬁn —lnS:):O where S, :mbaXHb'xi (2.11)
n—seo  n i
(see Cover and Ordentlich (1996)).

The algorithms are referred to as universal portfolios because they

achieve optimal growth universally over price paths. Thus, a universal

13



portfolio selection algorithm exhibits the same asymptotic growth rate in
logarithmic wealth as the best rebalanced portfolio for any sequence of price

relatives.

2.1.2 Modified Algorithm for Computing the Two-Stock Universal
Portfolio

A recursive method is available for the computation of the universal

portfolio generated by the Dirichlet (¢, @,) distribution where ¢, >0 for

i = 1, 2. This algorithm is developed by Cover and Ordentlich (1996) for

3 to compute the universal portfolio recursively. Chan (2002)

modified the algorithm for any (¢, ,,...,,,) where m =2, 3, 4. We describe

the modified algorithm by Chan (2002) in this chapter.

Let x,= (x,,x,) be a sequence of price-relative vectors

n

corresponding to n trading days in a two-stock market where m = 2. The
universal portfolio generated by the Dirichlet (¢, @,) distribution is a

sequence of portfolio vectors given in (2.1), that is

] S ®)dub)
L, Sc®)du®)

2.12)

fork=1,2,..., where B, ={(b.b,) : 0<bh <1, 0<b, <1, b +b, =1}
Thus, the investment capital achieved by universal portfolio at the end of the

n'™ trading day is given by the simplified form of (2.8) as:

14



S, = [, S,dulb)

- J.B2 [T G, + bzxiz)d,u(b)
i=1

:J-Bz z Hb}LleLd’u(b)
jre{L,2)" i=1

=J, b X [T, o)
2 1=0 jeT,mi=l

= [, DbbY X, (dulb) (2.13)
2 1=0

where T (/) is the set of all sequences j" = (jj, Jp,--s J,) € {1,2}"

with/ 1’sand n—1[2’s.

Letting X,()= )Y, Hxij,- for [=0,1,...,n. (2.14)

Je T, i=l

The wealth accrued by the universal portfolio at time n can be rewriting as:

$, =2 X, bibs"™ dulb) (2.15)
=0

8, =3 X, (G, D) (2.16)
=0

where  C,()=[, biby " dulb)  for 1=0,1,....n (2.17)

I'(o, + a,)

wd ) T T Ta)

b7 b2 ldb,

From (2.1), (2.8) and (2.16), the universal portfolio l;n on the (n + 1)th trading

day can be obtained as:

5 _ 1 ‘[Bz blSn—l(b)d,U(b)
" S"—l IBz b,S,,_(b)dub)

15



n-1
1 Z Xn_l (Z)J.Bz bl(l+1)b1(n_l_1)dﬂ(b)
=0

~

n—1
St 3 X, () sz b du(b)
1=0

nz_lCn(l +DX n—l(l)
=L |0 (2.18)
S| Y G (0X, (D)

[=0

From (2.16) and (2.18), we notice that the computation of the above universal

portfolio expressions depend on C,(/) and X, (/). Both of these quantities can

be computed recursively.

Recursive Computations for C, (/)

Two recursions for C, (/) are given as follows:

l (%1 _1
<
C,()= ra+a I C,_(-1) for 1<I<n (2.19)

= <] <n—
D= e iCm®  for  0<I<n-l (2.20)

1.

where C, = I32 dulb)

Recursive Computations for X, (/)
The recursion for X, (/)1is given as follows:

X O=x,X,,(I-D)+x,X, () for 1<I<n-1 (2.21)
With the endpoint conditions given as:

X,0)=x,X,_,00) (2.22)

X,n)=x,X, ,(n-1) (2.23)

16



Note that:

When there are no 1’s then / = 0, thus X, (0) = x,,X,_,(0)
When there are n numbers of 1°s and no 2’s, then [ = n, thus

X, (n)=x,X, (n-1). (2.24)

Consider the following example:

Letting X,()= ), Hxij,- for [=0,1,...,n.

J"e T, () i=]
where T (I) is the set of all sequences j" = (j, j,, .-, J,) € {1, 2}"

with/ 1’sand n—12’s.

Whenn =1,
7,(0) = the set of all sequences j, € {1, 2} with no 1’s and one 2.
= {2}
Thus, X,(0) ={x;,}
T;,(1) = the set of all sequences j, € {1, 2} with one 1 and no 2’s.
= {1}

Thus, X,(1) ={x,}
When n = 2, the endpoints are:

X5(0) = xX(0) = xpx,

X5(2) = x5, X,(1) = Xy,
For the non-end point:

Xo(D = x5, X,(0) + 2, X, (D)

= Xp1Xpp + Xpp Xy

17



When n = 3, the endpoints are:
X3(0) = x3,X,(0) = x3,x5%,
X303) = 13, X,(2) = X325,
For the non-end points:

X5(1) = 23, X,(0) + x5, X, (1)
= X31X00 X1 X35 (X1 X1 + X0 X))
X5(2) = x5, X,(D) + %, X,(2)

= X371 (X1 X5 F X0 X1 ) + X3pX51 X

2.1.3 Recursive Computations of the Universal Capital S, and Universal
Portfolio b,

By recursively computing and storing the quantities X, (/) andC, (1),
we can compute the universal capital §n and universal portfolio l;n Since
§n and l;n depend on the product of X (/) andC,(I), we can further simply

the computation of §n and l;n as follows:

0,(h=X,IC, 1) (2.25)

From (2.16), the accrued wealth S,, can be rewritten as:

S, =>0,0 (2.26)
=0

18



The quantities C, (I+1)X, (/) and C,(I)X, () that appear in the
expression for l;n (3.21) can be expressed in terms of Q, (/) as:

[+o4

G+ DX, = =7 0D (2.27)
—l+a,—-1
C(DX, (D)= a; 022 QD (2.28)

By using (2.26), (2.27) and (2.28), the universal portfolio l;n can be expressed

n—1 l+0{l
v —— l
. I; _ 1 E)n_'_aa_'_az_lQn—l()
as: e T | el n—l+a, -1 (2.29)
20| LT e 0

It is reasonable to compute only the Q,(/) from a numerical standpoint since
the quantities of C,(/)and X, (/)are respectively exponentially decreasing

and increasing in n.

Recursive Formulae for Q, (/)

The computation of the @, (/)can be done recursively by combining the
recursions for X (/) and C, ().

The recursions for Q, (/) are given as:

[+o -1
"'n+o+a,—1

Q,() = x, Ol =D+x, Q1)

for 1<I<n—1. (2.30)

The endpoint conditions are given by:

19



‘n+a+a, —

0,0) = x,

1010 2.31)

n+ao;—1
n+o+o,—1

0,(n) = x, Q,.(n=1) (2.32)

With the initial condition Qy(0) = [, dulb)=1.
2

Summary
The two expressions I;n and §n on the n" trading day are expressed
respectively in term of Q, () as follows:

The universal portfolio

o+
.y |Zmrg e 1% ®
b,=——|1 (2.33)
S n—Il+o,—1

o0

:0n+051+a2—1

~

and the universal capital yields by §n is given by:

$.=30,0
[=0

2.1.4 Modified Algorithm for Computing the Three-Stock Universal
Portfolio

We describe the modified algorithm by Chan (2002) for computing the
three-stock universal portfolio generated by the Dirichlet (¢, @,,0,)
distribution where &, >0fori=1, 2, 3 and

I'la, + a, + a;)

— o -1 a,-1; 03-1
du(b)_F(Oﬁ)r(%)r(()@)z;1 b2 "'b% 7 db,db, (2.34)

20



Let x,= (x,,x,,....X,,) be a sequence of price-relative vectors
corresponding to n trading days where x; = (x;, x;,, x;3) and use the definition
of the universal portfolio generated by the probability g measure is a

sequence of portfolio vectors given in (2.1), that is

;o bS®ud)
[ S ®)dud)

fork=1,2, ..., where B, ={(b.b,.b;) : 0<b <1, i=1,2,3, b +b, +b, =1}

Thus, the investment capital achieved by universal portfolio at the end

of the n™ trading day is given by the simplified form of (2.8) as:

$, =, Sudulb)

- .[33 H (DX + by, + b3x,-3)d,u(b)
i=1

= .[B )3 ﬁbj[xij[dﬂ(b)

P jrel1,23)" =1

n ﬂ—ll n
13 belbszb;"-h-w[ 5 nx,..,.}u(w

3 1=0 ,=0 Je T, (lydy) i=1
n n—l o i
= [, X Yhbyb"™" X, (1, L)dulb) (2.35)
> =0 ,=0

where T(1;,1,) is the set of all sequences j" = (j, jy,---» j,) € {1, 2,3}"

with [;1’s, [, 2’sandn—1; -1, 3’s.

Letting X,(,L,)= D’ Hxij,» for [=0,1,...,n. (2.36)

J"e T, (b)) =1

The wealth accrued by the universal portfolio at time n can be rewriting as:
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3
|~

§,=3 3 (ll,lz)j bibEB ) du(p) (2.37)
=0 1,=0
A nnly
=3 2 X, 1L)C, (1) (2.38)
L=0 1,=0
where  C,(0,,1,) = [ bi'byb"™"™" du(b) (2.39)

By using (2.1), (2.8) and (2.38), we obtain the universal portfolio l;n on the n"

trading day as follows:

[, 55,1 0)ducd)
b, = [, 5,1 0)du®)
[, 38,1 (b))

n—1n—l-1
Z Zan 1(11,12)I bbby 1dﬂ(b)
1,=0 L,=0
n—1n—l-1
= §1 > Zan 1(0,1) j e () (2.40)
n—1| 4=0 ,=0
Y n— lzn—ll—l
Z ZX —1(11’12),'. bllblzbn_ll lzd,u(b)
| 4=0 =0 i
[ n—1n-1-1 7]
z ch(ll + 1’ lz)Xn_l(lplz)
4=0 1,=0
1 n—1n—l—1
=% Z ZCn(lplﬁl)X,,_l(lplz) (2.41)
St | 420 1,=0
n—1n—}~1
z zcn(ll’ZZ)Xn—l(ll’ZZ)
| 4=05,=0 ]

Note: The above expressions §n and I;n depend on C,(/;,l,) and X,(,1,)

which can be computed recursively.

Recursive Computations for C,(/,l,)

Three recursions for C,(l,1,) are given as follows:
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(1) C, (L) = 7 Coali=1.1)

for 1</,<n and 0<[,<n-| (2.42)

n+o+o,+a

(i1) C,i.L)= 1 C,(.,,,-1

for 0</,<n-1 and 1<, <n-[ (243)

n—L—-L+a;—1 C_ (L)

(ii1) c,d,L)= nto oo 1

for 0</,<n-1 and 0<L,<n-[-1 (244

where the initial condition, C;(0,0) = IB dulb)=1.
3

Recursive Computations for X, (/,/,)
The recursion for X, (/,/,)is given as follows:
X, (1) = x5, X, (G =L D) + %, X, b =1 + x,5X, (5, 1)
for 1< <n-1 and 1<, <n-1[-1 (2.45)
With the endpoint conditions given as:
X,0,0)=x,X, ([, -1,0)+x,:X, ,(,,0) for1</<n-1 (2.46)
X,0,L)=x,X,,0,, -D)+x,,X,.,(0,1,) for1<L,<n-1 (2.47)

X b)) = x, X, (G —Lb) + x,, X, (4, [, = 1)

for 1</, 1<, and [ +l,=n (2.48)
X,(n0) =x,X,_(n—10) (2.49)
X,0,n)=x,X,,0,n-1) (2.50)
X,(0.0) = x,5X, ,(0.0) 251)
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The Q,(.l,)=X,.,,)C,(,.,) formulae:
We can compute the universal portfolio expressions §n and l;n by
recursively computing and storing the quantities of X, (/,/,) and C,(l,1,) .
0, 1) = X,,(4,L)C, (1}, 1) (2.52)

A

S, can be rewritten as follows:

n nfl

$, =33 0,0h) (2.53)

1,=01,=0
and the computation of Q,(/;,/,) can be done recursively.
The quantities of C (I, +L1,)X, (,,l,), c,(.L,+D)X, (,l,) and
C,(.5)X, (,,)that appear in (2.41) can be expressed in terms of the
quantity Q,(l,l,) as follows:

L+
n+o+a,+oy—1

C,(+LL)X, (,,)= 0,.,,1) (2.54)

L+a
Cullohy + DX, ) =B 0, ) (2.55)
—l-L+a—1
Gyl )X, 1o 1) === 061 K 0262 fg@ —0, (1) (2.56)

By using the results from (2.53) to (2.56), the universal portfolio l;n from

(2.41) is given by:

n—1n-1—-1
! L+
2 2 n+o+o,+a —IQ"‘I(II’IZ)

L=0 L,=0
p_ 1 atnddld L+a,
b, =g 22 ai g a1 o) (2.57)
z an—l(ll’ZZ) ,11_1,,311_1 7 _
1=0 L,=0 Sy n-L—-L+a-1 A
S ntato -l =112
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Recursion formulae for Q,(/,/,)

The recursion formula for Q,(/;,/,) is given as:

_ L +o4-1 3 L+a,—-1 B
Qn(ll’lz)_xnln+a1+a2+a3_1Qn—l(ll 1’12)+xn2n+a1+a2+a3_1Qn—l(ll’lz 1)

3 n+o+ao,+oy—1 Qra(lly) -

for 1</, <n-1 and 1<, <n-[-1 (2.58)

The six endpoint conditions are given as follows:

O 000=x,—1t%-l

nln+a1+a2+a3_1Qn_1(ll_1,0)+

Xn3
Tn+ogt+o,+og—1

0, (1,0 for 1<l <n-1 (2.59)

(ll) Qn(O’ZZ) = X2 n_l_al +a/2 +a3 -1

0,,0,,, -+

Bnt+og+a+oy—1

0,,0,L) for 1<hL<n-1 (2.60)

L+o—1

(111) Qn(ll’ZZ) = Xn1 n+ “1 + a"Z + a3 —

" nt+oy+ o+ o —

1 Qn—] (ll’ 12 - 1)

for 1</, 1<l, and [+, =n (2.61)

. -1
(V) Q0= 0, =10) (2.62)
-1
) QM= P30, O ) (2.63)
. -1
() Q,00) = x4 2 —10,,(00) (2.64)

Note that the initial condition is, 0,(0,0) = IB du(b)=1.
3
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To summarize, we have written §n and I;n in term of Q, (l;,,). Thus, the

universal portfolio I;n on the n™ trading day can be expressed as follows:

[t -1 e -
1 1
1=0 l,=0 n+o+o+o —1 Qn—l(ll’ l2)
A 1 n—1n—=4-1 12 +a
b= SAn—l IIZ:(:) L= " +o+a,+oy—1 Ol b) (2.65)
n—1n=l-1 n—1—1 + 1
n+ 1 +025 +% -1 Qn—l(ll’ 12)
| 4=0 1,=0 oQ+ao,to |

The capital achieved by l;n is given as:

n

$,=350,.1L)

1,=01,=0

Note:

n+l
For a fixed number of n, there are Zi = %
I=1

(n +1)(n + 2) distinct quantities of

Q,(,,1,) . The computation of the three-stock universal portfolio on the n™

trading day thus simplifies to recursively computing and storing the quantities

of %(n+1)(n+2) and Q,(,l,). Notice that the computer storage

requirements for these recursive computations grow like n*.

Concluding remarks:
We can modify and extend the above algorithm in a similar way for
computing the m-stock universal portfolio when m =4, 5, 6, ... etc.

The computer storage requirements for the quantities of Q,(l.l.L,...,,[, )

grow as n""'.
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2.2 Helmbold-Schapire-Singer-Warmuth Universal Portfolio (HSSW)

Helmbold et. al. (1998) introduced a universal portfolio, which we
shall call the Helmbold portfolio or HSSW portfolio. They presented an on-
line investment algorithm that can achieve close to the wealth of the best
constant-rebalanced portfolio determined in hindsight from the actual market
outcomes. The algorithm employs a multiplicative update rule derived using a

framework introduced by Kivinen and Warmuth (1997) for on-line regression.

Their algorithm is very simple to implement and requires only constant
storage and computing time per stock in each trading period. They tested the
performance of their algorithm on real stock data from the New York Stock
Exchange accumulated during a 22-year period. On this data, they showed that
their algorithm clearly outperforms the best single stock as well as Cover's

uniform universal portfolio.

2.2.1. The EG(#y)-Update Universal Portfolio Algorithm

Let x,= (x,, X,,,...,X,,) be a sequence of price-relative vectors of m

nl?
stocks corresponding to n trading days. HSSW portfolio is also known as the
exponentiated gradient, EG(») update universal portfolio. This is the sequence

of portfolios b,,, where the i ™ component of the portfolio vector b,,, (the

n+l
proportion of the total portfolio value invested in the i ™ stock on the (n + 1) ™

trading day) is given by:
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X
e
n for i=1,2,...m (2.66)

b(n+1)i =
X .
bni exp 77 5
; [ b x,
where (i) m = number of stocks in the investment portfolio

m

() bx,=>bx
i=1

ni” ni

mn

(i) Dby =1

i=1

@v) n = learning parameter, where 7 > 0

The EG(#)-update universal portfolio is generated by (2.66) and the

learning parameter # is chosen as follows:

2lnm

n=2r . (2.67)
where (1) m = number of stocks in the investment portfolio
(1)  n=number of trading days in a fixed period of study
(iii)  ris chosen such that
min 'xni
O<r<——o (2.68)
max x,,

The universal capital or wealth, §n achieved by the portfolio I;n at the
end of the n"™ trading day is given as follows:
5, =116 x)

We assume an initial capital or wealth of 1 unit, the wealth §, achieved by a

constant rebalanced portfolio b is given as:

S, = fl(bit “X;)
i=1
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The best or optimum constant rebalanced portfolio b is the portfolio that

maximizes S, over all b in the simplex B, given by:

B, = {b = (Bpsby): b =1, 0<b <1, i= lm}

m
i=1

In this research we shall focus on m = 2 and m = 3 stocks.

min x,,
For the two-stock portfolio we select, n=410 and r=—2—
max.x,; -
min xni
For the three-stock portfolio we select, n =305 and r=—="
max x,;
For example:
Considerm =2, n=410
min x,; 2In2
=—— and n=2r
max x,, 410
X .
Let ¢, =b, exp(?} = j , where ¢ = transpose. We may calculate the
n-n

portfolio components as a function of ¢,;.
If the starting portfolio is (b,,,b,,), and the price-relative vector is (x,,X,,)

then b/x,=b x,+b,x, and

t
b x,

i =bneXP(77 i j,



On day 2:

t —
b)x, = b, x, + b,,x,,

€ :bmexp(’/? az j,

t
byx,

€y =y eXp(ﬂ iz j

t
b;x,
___ % b = o
e e, 25 ¢, +c
21 22 21 22
C..
In general, for a m-stock market, b, =—*
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CHAPTER 3

DIRICHLET-WEIGHTED AND HELMBOLD-SCHAPIRE-SINGER-
WARMUTH UNIVERSAL PORTFOLIOS FOR TWO STOCKS

3.1 The Investment in the Stocks of Digi and LPI

In this study we have chosen two sets of stock price data from the
Kuala Lumpur Stock Exchange (KLSE) namely that of Digi. Com Bhd
(abbreviated as Digi) and LPI Capital Bhd (abbreviated as LPI) for
investment. These stocks were chosen based on their good performance. The
stock data of a total of 410 trading days from 27™ October 2005 until 23™ May
2007 were collected. Digi was chosen as the first constituent stock in the two-
stock universal portfolio based on its liquidity and popularity. The period of
trading mentioned here is considered as the non-volatile period of stock price
fluctuations. The opening and closing prices in Ringgit Malaysia (RM) for
each stock were observed for each trading day and the corresponding price

relatives were calculated.

Based on the stock-price data collected, we shall calculate the resulting
capital after 410 days of investment using the Cover-Ordentlich universal
portfolio in the next section, where we assume that the initial investment

capital is 1 unit.
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3.2 The Performance of Universal Portfolios in Investing in Digi and
LPI during the Non-Volatile Period of Trading

In this project, we had chosen MATLAB as a tool for the computation
of universal portfolios and capitals. MATLAB is a user-friendlier tool for
doing numerical computations with matrices and vectors. A MATLAB m-file

was written based on the modified algorithm for two-stock universal portfolio
as discussed in Section 2.1.2. Different parameters of the Dirichlet (¢, @,)

distribution have been used for generating the universal portfolio strategies.

The Dirichlet (1.0, 1.0) strategy was first introduced by Cover (1991).
Subsequently, Cover and Ordentlich (1996) introduced the general class of
Dirichlet (¢4, @) strategies. But the focus of their study is on the Dirichlet
(1.0, 1.0) and Dirichlet (0.5, 0.5) strategies. The aim of this project is to study
the parametric class of Dirichlet (¢, &,) strategies, especially when the (1.0,
1.0) and (0.5, 0.5) strategies do not perform well. Appendix 1 shows the
investment capitals achieved for the constituent stocks Digi and LPI by using
the Cover and Ordentlich universal portfolios namely the Dirichlet (0.4, 0.3),
Dirichlet (0.5, 0.7) and Dirichlet (2.0, 2.0) universal portfolios. These capitals
were calculated using the modified algorithm mentioned in Section 2.1.2. The
period of trading from 27" October 2005 until 23™ May 2007 is considered to

be the non-volatile period of stock price fluctuations.

Figure 3.1 shows the investment capital (return) after 410 trading days

i.e. from 27™ October 2005 until 23" May 2007, for investment in the
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constituent stocks Digi and LPI against the universal portfolios generated by
Dirichlet (0.4, 0.3), Dirichlet (0.5, 0.7) and Dirichlet (2.0, 2.0) distributions. In
this Figure, we have chosen the investment capital achieved with the universal
portfolio generated by the Dirichlet (2.0, 2.0) distribution as it achieves the
highest capital among all the 17 universal portfolio strategies generated by the

Dirichlet (¢4, ¢,) distribution based on the stock price data of Digi and LPI

for this period of study. The other two investment capitals achieved with the

universal portfolios generated by the Dirichlet (0.4, 0.3) and Dirichlet (0.5,
0.7) distributions are also chosen in Figure 3.1 as these two Dirichlet (¢, @,)

distributions have different parametric & values.

It was observed that after 410 trading days the universal portfolios
generated by these three Dirichlet distributions outperform the constituent
stocks. This is also evident in the cases discussed in Cover (1991), “Universal
Portfolios”, Mathematical Finance, vol. 1. pp. 1-29. The performance of
universal portfolio is exhibited in the examples in Section 8 page 21 and the

concluding remarks in Section 10 page 24.

In Figure 3.1, the five different colour curves representing the
investment capitals achieved after 410 trading days for the constituent stocks
Digi and LPI and the universal portfolios generated by the Dirichlet (0.4, 0.3),
Dirichlet (0.5, 0.7) and Dirichlet (2.0, 2.0) distributions are quite closed to
each other; this shows that their investment capitals achieved during this
period of study do not differ much. If data for a longer trading period is made

available, there is some evidence that the investment capitals achieved are
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apart from each other as shown in the later part of our study.
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Figure 3.1: Investment capital (return) for single-stock strategy and universal

portfolios generated by Dirichlet (0.4, 0.3), Dirichlet (0.5, 0.7) and Dirichlet
(2.0, 2.0) distributions

We observe that by varying the parameters @; and ¢,, we can obtain

Dirichlet (¢, &,) strategies achieving different capitals. For example, refer to
Table 3.1 where the investment capitals of seventeen different pairs of
(o, ) are calculated, namely for (¢4, @,) equals to (0.4, 0.3), (0.5, 0.7),
(0.2, 0.8), (0.8, 0.2), (0.8, 0.9), (0.9, 0.8), (0.1, 0.9), (0.9, 0.1), (0.5, 0.5), (1.0,
1.0), (2.0, 2.0), (1.0, 2.0), (2.0, 1.0), (1.0, 3.0), (3.0, 1.0), (1.0, 0.0) and (0.0,
1.0) respectively. Except for the detailed calculations for the Dirichlet (0.4,
0.3), (0.5, 0.7) and (2.0, 2.0) universal portfolios listed in Appendix 1, we will
not show the detailed calculations for the other twelve universal portfolios

listed in Table 3.1.
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In Table 3.1, the investment capitals (returns) obtained after these 410
trading days with 17 universal portfolio strategies generated by the Dirichlet
(o, ) distribution based on the stock price data of Digi and LPI are ranged
from 3.09516844 units to 3.15252256 units. The Dirichlet (2.0, 2.0) strategy
(as shown highlighted in grey colour) achieves the highest capital of S a0 =
3.15252256 units. The Dirichlet (1.0, 1.0) and Dirichlet (0.5, 0.5) strategies

introduced by Cover and Ordentlich achieve capitals of § a0 = 3.14336022

units and $ a0 = 3.13192983 units respectively for this period of study. This

shows the importance and significance of the Dirichlet (¢, @,) strategies

other than the Dirichlet (1.0, 1.0) and Dirichlet (0.5, 0.5) strategies.

Table 3.1: The investment capitals (returns) obtained after 410 trading days
with 17 universal portfolio strategies generated by the Dirichlet (¢, @,)

distribution based on the stock price data of Digi and LPI during the non-
volatile period from 27" October 2005 until 23" May 2007

. Cover and Qrdenthch Investment Capital after
Universal Portfolio generated by 410 trading days, §
Dirichlet (¢, @) distribution ? 2410
(04.0.3) 3.12495387
(0.5,0.7) 3.13441475
(0.2,0.8) 3.12109718
(0.8,0.2) 3.11810981
(0.8,0.9) 3.14081032
(0.9,0.8) 3.14052763
(0.1,0.9) 3.11203093
(0.9,0.1) 3.10801222
(0.5,0.5) 3.13192983
(1.0, 1.0) 3.14336022
(2.0,2.0) 3.15252256
(1.0,2.0) 3.14414335
(2.0,1.0) 3.14257709
(1.0,3.0) 3.13995374
(3.0, 1.0 3.13703658
(1.0, 0.0) 3.09516844
(0.0, 1.0) 3.10024892
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Note: The investment capitals (returns) achieved after 410 trading days
for single-stock strategy of the constituent stocks, Digi and LPI are listed in
last two rows of the above Table 3.1, by using the universal portfolios

generated by the Dirichlet (1.0, 0.0) and Dirichlet (0.0, 1.0) distributions

respectively. We have chosen the different combinations of the parameters ¢
and o, close to 1 and 0.5. The parameters are independent, the capital returns

do not show significant difference with extreme values of &, as such we have

not listed the combinations with extreme values of & in the table.

3.3  The Investment in the Stocks of Digi and LPI during the Volatile
Period of Trading

The recent global economic crisis of 2008 is causing problems
worldwide; as such we investigate how far the stock market crash of 2008 is
affecting portfolio investment. The stock price data of a total of 410 trading
days from 13" September 2007 until 30" April 2009 were collected. This
period of trading is considered as the volatile period. Two sets of stock price
data from the Kuala Lumpur Stock Exchange (KLSE) namely that of Digi
sp(v) and LPI sp(v) were collected for analysis. We use the abbreviation sp(v)
for the stock prices collected during the above mentioned volatile period. Digi
sp(v) was chosen as the first constituent stock in the two-stock universal
portfolio. The opening and closing prices in Ringgit Malaysia (RM) for each
stock were observed for each trading day and the corresponding price relatives

were calculated.
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Based on the stock-price data collected for this volatile period, we shall
calculate the resulting capital after 410 days of investment using the Cover-
Ordentlich universal portfolio in the next section, where we assume that the

initial investment capital is 1 unit.

34 The Performance of Universal Portfolios in Investing in Digi and
LPI during the Volatile Period of Trading

In this section, the parametric class of Dirichlet (¢, @,) distributions
was again used for generating the universal portfolio strategies during the
volatile period from 13" September 2007 until 30™ April 2009. We use the
same MATLAB m-file as mentioned in Section 3.2. In Figure 3.2, we have
chosen the investment capital achieved with the universal portfolio generated
by the Dirichlet (1.0, 3.0) distribution as it achieves the highest capital among
all the 17 universal portfolio strategies generated by the Dirichlet (&, @,)
distribution based on the stock price data of Digi sp(v) and LPI sp(v) for this
period of study. The other two investment capitals achieved with the universal

portfolios generated by the Dirichlet (0.4, 0.3) and Dirichlet (0.5, 0.7)
distributions are also chosen in Figure 3.2 as these two Dirichlet (¢, @,)

distributions are used during the non-volatile period.

Figure 3.2 shows the investment capital (return) during volatile period,
after 410 trading days i.e. from 13™ September 2007 until 30™ April 2009, for

constituent stock Digi sp(v) and LPI sp(v) against the universal portfolios
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generated by Dirichlet (0.4, 0.3), Dirichlet (0.5, 0.7) and Dirichlet (1.0, 3.0)
distributions. It was observed that after 410 trading days the universal
portfolios generated by Dirichlet (1.0, 3.0) distribution outperformed the

constituent stocks even during this volatile period of study.
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Figure 3.2: Investment capital (return) for single-stock strategy and universal
portfolios generated by Dirichlet (0.4, 0.3), Dirichlet (0.5, 0.7) and Dirichlet
(1.0, 3.0) distributions during the volatile period

These capitals were again calculated using the modified algorithm

mentioned in Section 2.1.2 with MATLAB. We observe that by varying the
parameters @; and «,, we can obtain Dirichlet (¢, @,) strategies achieving
different capitals. For example, refer to Table 3.2 where the investment
capitals of seventeen different pairs of (¢4, ,) are calculated, namely for
(o, o) equals to (0.4, 0.3), (0.5, 0.7), (0.2, 0.8), (0.8, 0.2), (0.8, 0.9), (0.9,
0.8), (0.1, 0.9), (0.9, 0.1), (0.5, 0.5), (1.0, 1.0), (2.0, 2.0), (1.0, 2.0), (2.0, 1.0),

(1.0, 3.0), (3.0, 1.0), (1.0, 0.0) and (0.0, 1.0) respectively.
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Table 3.2: The investment capitals (returns) obtained during volatile period
after 410 trading days with 17 universal portfolio strategies generated by the
Dirichlet (¢, @,) distribution based on the stock price data of Digi sp(v) and
LPI sp(v) from 13" September 2007 until 30™ April 2009

. Cover and Qrdenthch Investment Capital after 410
Universal Portfolio generated by trading days, $, (V)
Dirichlet (¢, ) distribution Bl
(0.4.0.3) 1.30180472
(0.5,0.7) 1.30931148
(0.2,0.8) 1.31211128
(0.8,0.2) 1.29279134
(0.8,0.9) 1.30950323
(0.9,0.8) 1.30760336
(0.1,0.9) 1.31254484
(0.9,0.1) 1.28680500
(0.5,0.5) 1.30602237
(1.0, 1.0) 1.30933252
(2.0,2.0) 1.31198444
(1.0,2.0) 1.31472550
(2.0, 1.0) 1.30393954
(1.0,3.0) 1.31609603
(3.0, 1.0) 1.29991709
(1.0, 0.0) 1.28003542
(0.0, 1.0) 1.31217796

Note: The investment capitals achieved after 410 trading days for single-stock
strategy of the constituent stocks, Digi sp(v) and LPI sp(v) are listed in last
two rows of the above Table 3.1, by using the universal portfolios generated

by the Dirichlet (1.0, 0.0) and Dirichlet (0.0, 1.0) distributions respectively.

In Table 3.2, the investment capitals obtained after these 410 trading
days with 17 universal portfolio strategies generated by the Dirichlet (¢, @,)

distribution based on the stock price data of Digi sp(v) and LPI sp(v) are
ranging from 1.28003542 units to 1.31609603 units. The Dirichlet (1.0, 3.0)

strategy (as shown highlighted in grey colour) achieves the highest capital of

S a0 (V) = 1.31609603 units. The Dirichlet (1.0, 1.0) and Dirichlet (0.5, 0.5)
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strategies introduced by Cover and Ordentlich achieve capitals of 1.30933252

units and 1.30602237 units respectively for this period of study. This again
shows the importance of the Dirichlet (¢, @,) strategies in complementing the

role of the Dirichlet (1.0, 1.0) and Dirichlet (0.5, 0.5) strategies.

3.5 Constant Rebalanced Strategies

In this section, we shall use 101 constant rebalanced strategies for
investment in the stocks of Digi and LPI for a total of 410 trading days for the
non-volatile period from 27" October 2005 until 23™ May 2007 and 410
trading days for the volatile period from 13" September 2007 until 30" April

2009.

The initial investment capital is one unit and the resulting capitals after
410 trading days are calculated. The constant rebalanced strategies b =
(b,,1-b,) used are for b, decreasing in units of 0.01 from 1.00 to 0.00. In this
experiment, we used a simple programming of MATLAB to compute the
resulting investment capitals for these 410 trading days. The 101 investment
capitals achieved by each of the strategies after 410 trading days in each of the
two periods were calculated using the algorithm discussed in Section 2.1.2.
These results are listed in Table 3.3. The capitals achieved are denoted by
Si10 (CRP) and S50 (v) (CRP) for the non-volatile and volatile periods

respectively.
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Table 3.3: The investment capitals S4;0 and Ss410 (v) calculated using the
constant rebalanced portfolios (CRP) for the non-volatile and volatile Digi —
LPI stock data

Investment Investment
Digi | LPI S410(CRP) || S50 (v) (CRP) Digi LPL S410(CRP) [ S410 (V) (CRP)
1.00 0.00 3.09516844 1.28003542 0.50 0.50 3.16632633 1.31597502
0.99 0.01 3.09792824 1.28112762 0.49 0.51 3.16633979 1.31629384
0.98 0.02 3.10063472 1.28220511 0.48 0.52 3.16629782 1.31659663
0.97 0.03 3.10328776 1.28326785 0.47 0.53 3.16620045 1.31688338
0.96 0.04 3.10588726 1.28431580 0.46 0.54 3.16604770 1.31715409
0.95 0.05 3.10843311 1.28534892 0.45 0.55 3.16583961 1.31740873
0.94 0.06 3.11092522 1.28636718 0.44 0.56 3.16557622 1.31764731
0.93 0.07 3.11336349 1.28737054 0.43 0.57 3.16525756 1.31786980
0.92 0.08 3.11574781 1.28835896 0.42 0.58 3.16488367 1.31807620
091 0.09 3.11807811 1.28933241 041 0.59 3.16445460 1.31826650
0.90 0.10 3.12035428 1.29029084 0.40 0.60 3.16397039 1.31844069
0.89 0.11 3.12257624 1.29123423 0.39 0.61 3.16343110 1.31859877
0.88 0.12 3.12474392 1.29216254 0.38 0.62 3.16283678 1.31874073
0.87 0.13 3.12685722 1.29307574 0.37 0.63 3.16218747 1.31886655
0.86 0.14 3.12891606 1.29397379 0.36 0.64 3.16148324 1.31897625
0.85 0.15 3.13092038 1.29485666 0.35 0.65 3.16072415 1.31906980
0.84 0.16 3.13287009 1.29572431 0.34 0.66 3.15991026 1.31914721
0.83 0.17 3.13476513 1.29657672 0.33 0.67 3.15904163 1.31920847
0.82 0.18 3.13660543 1.29741385 0.32 0.68 3.15811833 1.31925358
0.81 0.19 3.13839092 1.29823567 0.31 0.69 3.15714044 1.31928253
0.80 0.20 3.14012154 1.29904216 0.30 0.70 3.15610802 1.31929532
0.79 0.21 3.14179724 1.29983327 0.29 0.71 3.15502116 1.31929196
0.78 0.22 3.14341794 1.30060899 0.28 0.72 3.15387992 1.31927244
0.77 0.23 3.14498360 1.30136928 0.27 0.73 3.15268439 1.31923675
0.76 0.24 3.14649417 1.30211411 0.26 0.74 3.15143466 1.31918490
0.75 0.25 3.14794959 1.30284347 0.25 0.75 3.15013080 1.31911690
0.74 0.26 3.14934983 1.30355731 0.24 0.76 3.14877292 1.31903273
0.73 0.27 3.15069483 1.30425561 0.23 0.77 3.14736109 1.31893240
0.72 0.28 3.15198456 1.30493835 0.22 0.78 3.14589542 1.31881592
0.71 0.29 3.15321898 1.30560550 0.21 0.79 3.14437600 1.31868329
0.70 0.30 3.15439805 1.30625704 0.20 0.80 3.14280293 1.31853451
0.69 0.31 3.15552174 1.30689294 0.19 0.81 3.14117630 1.31836958
0.68 0.32 3.15659002 1.30751317 0.18 0.82 3.13949623 1.31818851
0.67 0.33 3.15760286 1.30811772 0.17 0.83 3.13776282 1.31799131
0.66 0.34 3.15856025 1.30870656 0.16 0.84 3.13597618 1.31777798
0.65 0.35 3.15946214 1.30927967 0.15 0.85 3.13413642 1.31754852
0.64 0.36 2.27514293 1.30983703 0.14 0.86 3.13224365 1.31730295
0.63 0.37 3.16109942 1.31037861 0.13 0.87 3.13029799 1.31704126
0.62 0.38 3.16183477 1.31090440 0.12 0.88 3.12829957 1.31676348
0.61 0.39 3.16251457 1.31141437 0.11 0.89 3.12624849 1.31646961
0.60 0.40 3.16313883 1.31190850 0.10 0.90 3.12414489 1.31615965
0.59 041 3.16370753 1.31238678 0.09 091 3.12198889 1.31583362
0.58 0.42 3.16422067 1.31284919 0.08 0.92 3.11978061 1.31549152
0.57 0.43 3.16467825 1.31329571 0.07 0.93 3.11752020 1.31513338
0.56 0.44 3.16508028 1.31372632 0.06 0.94 3.11520779 1.31475920
0.55 0.45 3.16542676 1.31414100 0.05 0.95 3.11284350 1.31436898
0.54 0.46 3.16571770 1.31453975 0.04 0.96 3.11042748 1.31396275
0.53 0.47 3.16595312 1.31492254 0.03 0.97 3.10795987 1.31354052
0.52 0.48 3.16613301 1.31528936 0.02 0.98 3.10544080 1.31310231
0.51 0.49 3.16625741 1.31564019 0.01 0.99 3.10287044 1.31264811
0.00 1.00 3.10024892 1.31217796

The investment capitals achieved by the constant rebalanced portfolio

strategy for a total of 410 trading days, i.e. S4;0 (CRP) based on the stock price
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relatives of Digi and LPI during the non-volatile period from 27" October

2005 until 23" May 2007 is shown in Figure 3.3.
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Figure 3.3: The investment capitals achieved by the constant rebalanced
portfolios for the non-volatile trading period of the Digi — LPI stocks

The investment capitals achieved by the constant rebalanced portfolio
strategy for a total of 410 trading days, i.e. S4;0 (v) (CRP) based on the stock
price relatives of Digi sp(v) and LPI sp(v) during the volatile period from 13"

September 2007 until 30™ April 2009 is shown in Figure 3.4.
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Figure 3.4: The investment capitals achieved by the constant rebalanced
portfolios for the volatile trading period of the Digi sp(v) — LPI sp(v) stocks
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The investment capitals computed for the non-volatile and volatile
periods, i.e. S410 (CRP), from 27" October 2005 until 23" May 2007 and S4;0
(v) (CRP), from 13" September 2007 until 30" April 2009, are listed in Table
3.3. It is found that the best constant rebalanced strategy for these 410 trading
days during the non-volatile period (as shown highlighted in grey colour) is:

b* =(0.49, 0.51), yielding a resulting investment capital of

S0 =3.16633979 units.

This indicates that the investor’s capital “multiplies” by a factor of
3.16633979 during this period.

On the other hand during the volatile period of 410 trading days, the best
constant rebalanced strategy (as shown highlighted in grey colour) is:

b* =(0.30, 0.70), yielding a resulting investment capital of
S0 (V) =1.31929532 units.

This indicates that the investor’s capital “multiplies” by a factor of

1.31929532 during this period.

3.6 The Ratios of the Optimal Capital to the Universal Capitals for
Non-Volatile Period of Trading

The investment capitals obtained after 410 trading days with 15
universal portfolio strategies generated by the Dirichlet (¢, ,) distribution

based on the stock price data of Digi and LPI during the non-volatile period

from 27" October 2005 until 23™ May 2007 were displayed in Table 3.1.

From Table 3.3 the optimal capital achieved for this period was S,,, =
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3.16633979 units for the CRP (0.49, 0.51). The ratios of the optimal capital to

*
S410

~ are listed in Table 3.4.
S410

the universal capitals achieved, i.e.

Table 3.4: The ratios of the optimal capital to the universal capitals based on
the Digi — LPI stock data during the non-volatile period

Cover and Ordentlich §°
Universal Portfolio generated by 410
Dirichlet (¢, o) distribution S0
(0.4.0.3) 1.01324369
(0.5,0.7) 1.01018533
(0.2,0.8) 1.01449574
(0.8,0.2) 1.01546770
(0.8,0.9) 1.00812831
(0.9,0.8) 1.00821905
(0.1,0.9) 1.01745126
(0.9,0.1) 1.01876684
(0.5,0.5) 1.01098682
(1.0, 1.0) 1.00731051
(2.0,2.0) 1.00438291
(1.0,2.0) 1.00705961
(2.0, 1.0) 1.00756153
(1.0,3.0) 1.00840332
(3.0, 1.0) 1.00934105
(1.0, 0.0) 1.01324369
(0.0, 1.0) 1.01018533

In Table 3.4, it is found that for the 410 trading-day period, the best
Cover-Ordentlich universal portfolio is b= (2.0, 2.0), yielding a resulting
optimal universal investment capital of § 410 = 3.15252256 units. From Table
3.3, the best constant rebalanced portfolio is b* = (0.49, 0.51), yielding a
resulting optimal investment capital of S}, = 3.16633979 units. Thus, the ratio

of the optimal investment capital, S,,, = 3.16633979 units to the best Cover-

Ordentlich universal investment capital, S 410 = 3.15252256 units is:

*
S410

410~ 1.00438291.
S41()
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It was proved in Cover and Ordentlich (1996) that:

as n —> oo, limsuplln SA” =0.

n—oo n

n

We can show this by taking a sequence of n trading days starting from

n = 305 increasing by 5 trading days to n = 410 based on the Digi — LPI stock

data during the non-volatile period. The optimal investment capitals, S, and

corresponding universal investment capitals, §n achieved by using the Cover

and Ordentlich universal portfolios namely the Dirichlet (0.4, 0.3), Dirichlet

(0.5, 0.7) and Dirichlet (2.0, 2.0) are used to compute the corresponding value

*

of lln LS" .
n g

For example, in Table 3.5 by using the Dirichlet (0.4, 0.3) distribution:

*

When 1 = 305, the corresponding value of ——In 535 is -0.00000494.

3057 8,
When n = 310, the corresponding value of ﬁln% is -0.00000744.
310
When n = 315, the corresponding value of %ln 2315 is 0.00002138.
315

and so on until the last trading day i.e. when n = 410.
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Table 3.5: The values of S, §n and 1 ln% for trading days from n = 305 increasing in 5 days to n = 410 based on the Digi —

n
n

LPI stock data during the non-volatile period

* 3 1, S, & 1, S» 5 1,8
n S, S, (0.4,0.3) ;lnST” S, (0.5,0.7) ZlnSTn S, (2.0,2.0) ZUIST”
305 2.36006645 2.36362155 -0.00000494 2.32365912 0.00005097 2.35635482 0.00000516
310 2.43909498 2.44472955 -0.00000744 2.39922456 0.00005317 2.43544341 0.00000483
315 2.44930539 2.43286204 0.00002138 2.42312990 0.00003411 2.44213387 0.00000931
320 2.47733806 2.46118238 0.00002045 2.45020990 0.00003441 2.47011539 0.00000912
325 2.60063690 2.56335622 0.00004443 2.58955462 0.00001314 2.59041497 0.00001212
330 2.56432935 2.52549609 0.00004624 2.55529206 0.00001070 2.55399525 0.00001224
335 2.54820398 2.51420426 0.00004010 2.53415834 0.00001650 2.53838796 0.00001152
340 2.53716290 2.50720886 0.00003493 2.51891551 0.00002123 2.52777939 0.00001090
345 2.60838916 2.58251313 0.00002890 2.58458324 0.00002658 2.59927625 0.00001014
350 2.56824399 2.55160179 0.00001857 2.53728635 0.00003465 2.56042563 0.00000871
355 2.57043177 2.55821727 0.00001342 2.53533714 0.00003872 2.56314574 0.00000800
360 2.68271603 2.66871730 0.00001453 2.64547264 0.00003883 2.67473783 0.00000827
365 2.70466645 2.68932901 0.00001558 2.66785290 0.00003755 2.69642436 0.00000836
370 2.79426923 2.78392158 0.00001003 2.75159849 0.00004159 2.78647818 0.00000755
375 2.86835863 2.85227449 0.00001500 2.82797708 0.00003781 2.85949264 0.00000826
380 2.93490336 2.90153702 0.00003009 2.90616862 0.00002589 2.92339339 0.00001034
385 2.90341684 2.86077494 0.00003843 2.88390550 0.00001751 2.89086067 0.00001126
390 2.89681137 2.85973928 0.00003303 2.87162592 0.00002239 2.88486583 0.00001060
395 3.00184443 2.98576617 0.00001360 2.95620107 0.00003879 2.99232049 0.00000804
400 3.07101488 3.03470464 0.00002973 3.03810531 0.00002694 3.05828051 0.00001039
405 3.19543140 3.15922801 0.00002813 3.15911866 0.00002822 3.18229610 0.00001017
410 3.16633979 3.12495387 0.00003209 3.13441475 0.00002472 3.15252256 0.00001067




In Table 3.5, for trading days from n = 305 increasing in 5 days to n =

410 based on the Digi — LPI stock data during the non-volatile period, we find

that all the values of %ln % are approaching to 0, thus we can deduce that:

n

1. S
as n—oo, limsup—In—-+=0.
n—oo n S

n

The finding of the above result is important as showed in Cover
(1991), “Universal Portfolios”, Mathematical Finance, vol. 1, pp. 1-29 that for

an arbitrary sequence of market vectors, x,x,,... . The universal portfolio on

day k + 1 generated by the Dirichlet (¢, 2, ,...,,) distribution 4 is given

-y

1l

b, (B)du®)

as: b, =
[ Su®)du)
. . 4 L 1. S
The wealth yields is, S, (b) = Hb’xl. suchthat —In—-*—>0
i=1 n S,
for every bounded sequence x,x,,... . This portfolio strategy has the same

exponential rate of growth as S, .

In T.M. Cover and E. Ordentlich (1996). “Universal portfolios with
side information”, IEEE Transactions on Information Theory, vol. 42, pp.
348-363, they showed that a sequential portfolio with side information is

universal for the collection B* of state-constant rebalanced portfolios if

*®

limsuplln —=0
n—oo n Sn .
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3.7 The Ratios of the Optimal Capital to the Universal Capitals for
Volatile Period of Trading

The investment capitals (returns) obtained after 410 trading days,
during the volatile period, with 15 universal portfolio strategies generated by
the Dirichlet (¢4, @,) distributions based on the stock price data of Digi sp(v)
and LPI sp(v) from 13" September 2007 until 30™ April 2009 were calculated
in Table 3.2. From Table 3.3 the optimal capital achieved for this period was

Si0 (V) =1.31929532 units for the CRP (0.30, 0.70). The ratios of the optimal

capital to the universal capitals achieved during the volatile period are listed.

Table 3.6: The ratios of the optimal capital to the universal capitals based on
the Digi sp(v) — LPI sp(v) stock data during the volatile period from 13"
September 2007 until 30™ April 2009

. Cover and Qrdentlich S v)
Universal Portfolio generated by a0 27
Dirichlet (¢, a,) distribution S0 (V)

(04,0.3) 1.01343566

(0.5,0.7) 1.00762526

0.2,0.8) 1.00547517

0.8,0.2) 1.02050136

(0.8,0.9) 1.00747772

0.9, 0.8) 1.00894151

(0.1,0.9) 1.00514305

0.9,0.1) 1.02524883

0.5,0.5) 1.01016288

(1.0, 1.0) 1.00760907

(2.0,2.0) 1.00557238

(1.0, 2.0) 1.00347587

(2.0, 1.0) 1.01177645

(1.0, 3.0) 1.00243089

(3.0, 1.0) 1.01490728

In Table 3.6, it is found that for these 410 volatile trading days period,

the best rebalanced portfolio is b* = (0.30, 0.70), with a resulting optimal

investment capital of S}, (v) = 1.31929532 units. The best universal portfolio
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is b= (1.0, 3.0), with a resulting investment capital of S, (v) = 1.31609603
units. Thus, the ratio of the optimal investment capital, S,,,(v) = 1.31929532

units to the best universal investment capital, S 410 (V) = 1.31609603 is:

Mz 1.00243089
S410 (V)

It was proved in Cover and Ordentlich (1996) that:

as n —> oo, limsuplln‘i” =0.
n—oo n S

n

We can show this by taking a sequence of n trading days starting
from n = 305 increasing by 5 trading days to n = 410 based on the Digi sp(v) —

LPI sp(v) stock data during the volatile period. The optimal investment
capitals, S, and corresponding universal investment capitals, 5‘n achieved by

using the Cover and Ordentlich universal portfolios namely the Dirichlet (0.4,

0.3), Dirichlet (0.5, 0.7) and Dirichlet (1.0, 3.0) are used to compute the

corresponding value of %ln ‘;” .

n
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Table 3.7: The values of S, (v), 5‘n and 1 ln% for trading days from n = 305 increasing in 5 days to n = 410 based on the Digi

n

n

sp(v) — LPI sp(v) stock data during the volatile period

n S (v) S, (04,03) %lnST: S, (0.5,0.7) %ln S, (1.0,3.0) %lnST:
305 || 2.36006645 | 2.36362155 -0.00000494 2.32365912 0.00005097 2.35635482 0.00000516
310 | 2.43909498 | 2.44472955 -0.00000744 2.39922456 0.00005317 2.43544341 0.00000483
315 || 2.44930539 | 2.43286204 0.00002138 2.42312990 0.00003411 2.44213387 0.00000931
320 || 2.47733806 | 2.46118238 0.00002045 2.45020990 0.00003441 2.47011539 0.00000912
325 || 2.60063690 | 2.56335622 0.00004443 2.58955462 0.00001314 2.59041497 0.00001212
330 || 2.56432935 | 2.52549609 0.00004624 2.55529206 0.00001070 2.55399525 0.00001224
335 || 2.54820398 | 2.51420426 0.00004010 2.53415834 0.00001650 2.53838796 0.00001152
340 || 2.53716290 | 2.50720886 0.00003493 2.51891551 0.00002123 2.52777939 0.00001090
345 || 2.60838916 | 2.58251313 0.00002890 2.58458324 0.00002658 2.59927625 0.00001014
350 || 2.56824399 | 2.55160179 0.00001857 2.53728635 0.00003465 2.56042563 0.00000871
355 || 2.57043177 | 2.55821727 0.00001342 2.53533714 0.00003872 2.56314574 0.00000800
360 || 2.68271603 | 2.66871730 0.00001453 2.64547264 0.00003883 2.67473783 0.00000827
365 || 2.70466645 | 2.68932901 0.00001558 2.66785290 0.00003755 2.69642436 0.00000836
370 || 2.79426923 | 2.78392158 0.00001003 2.75159849 0.00004159 2.78647818 0.00000755
375 || 2.86835863 | 2.85227449 0.00001500 2.82797708 0.00003781 2.85949264 0.00000826
380 || 293490336 | 2.90153702 0.00003009 2.90616862 0.00002589 2.92339339 0.00001034
385 || 2.90341684 | 2.86077494 0.00003843 2.88390550 0.00001751 2.89086067 0.00001126
390 || 2.89681137 | 2.85973928 0.00003303 2.87162592 0.00002239 2.88486583 0.00001060
395 || 3.00184443 | 2.98576617 0.00001360 2.95620107 0.00003879 2.99232049 0.00000804
400 | 3.07101488 [ 3.03470464 0.00002973 3.03810531 0.00002694 3.05828051 0.00001039
405 | 3.19543140 | 3.15922801 0.00002813 3.15911866 0.00002822 3.18229610 0.00001017
410 | 3.16633979 | 3.12495387 0.00003209 3.13441475 0.00002472 3.15252256 0.00001067




In Table 3.7, for trading days from n = 305 increasing in 5 days to n =

410 based on the Digi sp(v) — LPI sp(v) stock data during the volatile period,

we find that all the values of %1 % are approaching to O, thus not only

during the non-volatile period discussed in Section 3.6 but also during the

volatile period of our study in this section, we can deduce that:

. 1. S
as n—oo, limsup—In—-+=0.
n—oo n

3.8 Investment in Longer Trading Period

3.8.1 The Investment in the Stocks of Digi and LPI for Longer Trading
Period

The stock-price data of Digi and LPI were chosen as the set of two-
stock portfolio for investment for a total of 900 trading days from 27" October
2005 until 30" April 2009, this included both the non-volatile period, from
27™ October 2005 until 23™ May 2007 and the volatile period, from 13™
September 2007 until 30" April 2009 that we have studied in separate sections
earlier. The opening and closing prices for each stock were observed for each
trading day and the corresponding price relatives were calculated. In this
study, Digi was again chosen as the first constituent stock in the two-stock

universal portfolio.
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Table 3.8: The investment capitals (returns) obtained after 900 trading days
with 15 universal portfolio strategies generated by the Dirichlet (¢, @,)

distribution based on the stock price data of Digi and LPI inclusive of the non-
volatile and volatile periods from 27" October 2005 until 30" April 2009

Cover and Ordentlich .
. . Investment Capital after
Universal Portfolio generated by 900 trading days, §
Dirichlet (¢, &) distribution 7 7000
(0.4,0.3) 4.22404540
(0.5,0.7) 4.40501069
(0.2,0.8) 4.60182009
(0.8,0.2) 3.97220769
(0.8,0.9) 4.36233653
(0.9, 0.8) 4.30018994
(0.1, 0.9) 4.68590860
(0.9,0.1) 3.84788976
(0.5,0.5) 4.31289799
(1.0, 1.0) 4.33692166
(2.0,2.0) 4.35620057
(1.0, 2.0) 4.51373770
(2.0, 1.0) 4.16010562
(1.0, 3.0) 4.59250626
(3.0, 1.0) 4.06205814

In this Table 3.8, the investment capitals (returns) obtained after these

900 trading days with 15 universal portfolio strategies generated by the
Dirichlet (¢4, &) distribution based on the stock price data of Digi and LPI

are ranged from 3.84788976 units to 4.68590860 units. The Dirichlet (0.1, 0.9)

strategy (as shown highlighted in grey colour) achieved the highest capital of

A

Sooe = 4.68590860 units. The Dirichlet (1.0, 1.0) and Dirichlet (0.5, 0.5)
strategies introduced by Cover and Ordentlich achieve capitals of §9OO =

4.33692166 units and §900 = 4.31289799 units respectively for this period of

study. This shows the importance and significance of the Dirichlet (¢4, &)

strategies other than the Dirichlet (1.0, 1.0) and Dirichlet (0.5, 0.5) strategies.
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Figure 3.5 shows the investment capital (return) of 900 trading days
ie. from 27" October 2005 until 30™ April 2009, for investment in the
constituent stocks Digi and LPI against the universal portfolios generated by

Dirichlet (0.4, 0.3), Dirichlet (0.1, 0.9) and Dirichlet (1.0, 3.0) distributions.
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Figure 3.5: Investment capital for universal portfolios for 900 trading days
from 27" October 2005 until 30™ April 2009

In Figure 3.5, the blue line represents the universal portfolio generated
by the Dirichlet (0.1, 0.9) distribution, yielding a resulting universal
investment capital of 4.68590860 units which is the maximum capital in Table
3.8. It is observed that after these 900 trading days even inclusive of the
volatile period during the economic crisis, the investment capital (return) grow
at a multiple of 3.84788976 to 4.68590860. If data for a longer trading period
is made available, there is some evidence that the investment capital (return) is

higher for the universal portfolios.
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3.8.2 The Investment in the Stocks of Resorts and Maybank for Longer

Trading Period

The stock-price data of Resorts and Maybank were chosen as the
second set of two-stock portfolio for investment for a total of 939 trading days
from 11" July 2005 until 30™ April 2009, this included both the non-volatile
period, from 2™ May 2006 until 24™ August 2007 and the volatile period,
from 24" December 2007 until 30™ April 2009. The opening and closing
prices for each stock were observed for each trading day and the
corresponding price relatives were calculated. In this study, Resorts was

chosen as the first constituent stock in the two-stock universal portfolio.

Table 3.9: The investment capitals (returns) obtained after 939 trading days
with 16 universal portfolio strategies generated by the Dirichlet (¢, @,)

distribution based on the stock price data of Resorts and Maybank from 1"
July 2005 until 30™ April 2009

Cover gnd Ordentlich quyersal Investment Capital after
Portfolio generated by Dirichlet . A
(a4, @) distribution 939 trading days Sy

(3.0, 1.0) 1.070410588
(0.7, 0.3) 1.077691026
(0.4,0.3) 1.116063700
(0.5, 0.5) 1.142590358
(1.0, 1.0) 1.150901996
(0.3,04) 1.159500502
(0.4, 0.6) 1.172086422
(0.4,0.8) 1.192712179
(0.3,0.7) 1.199531989
(1.0, 2.0) 1.202337631
(0.3,0.9) 1.214271442
(1.0, 3.0) 1.224717493
(0.2,0.8) 1.224868113
0.2,1.0) 1.234196188
(0.1, 0.9) 1.248037614
(0.1, 1.0) 1.250464566
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In this Table 3.9, for a longer period from 11" July 2005 until 30"
April 2009, the universal portfolio generated by Dirichlet (0.1, 1.0)
distribution outperforms the rest. It is observed that after a large number of
trading days even inclusive of the volatile period during the economic crisis,
the universal portfolios outperform the constituent stocks. This is also shown

in the cases discussed by Cover (1991).
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Figure 3.6: Investment capital for single-stock strategy and universal
portfolios for 939 trading days from 11"® July 2005 until 30™ April 2009

Figure 3.6 shows that for a total of 939 trading days from 1" July
2005 until 30" April 2009, Resorts seems to outperform the rest during the
first 550 trading days, but the universal portfolio generated by Dirichlet (0.1,
1.0) seems to overtake after 550 trading days. It was observed that after a large
number of trading days the universal portfolios outperformed the constituent
stocks, this was also shown in the cases discussed in Cover (1991). Note that

during the market crashes, the constituent stock Resorts plunged from the peak

55



of a return of 2.102034323 units after 432 trading days to the bottom of a

decline of 0.859548911 units after 939 trading days, this is shown in the

Figure 3.7.
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Figure 3.7: Investment capital for single-stock strategy and the universal
portfolios generated by Dirichlet (3, 1) and Dirichlet (0.1, 1.0)

In Figure 3.7, the cyan line represents the universal portfolio generated
by the Dirichlet (0.1, 1.0) distribution, yielding a resulting universal
investment capital of 1.250464566 units which is the maximum capital in
Table 3.9. The magenta line represents the universal portfolio generated by the
Dirichlet (3, 1) distribution, yielding a resulting universal investment capital of

1.070410588 units which is the minimum capital in Table 3.9.
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3.9  The Helmbold-Schapire-Singer-Warmuth Universal Portfolio

In this study, the investment capitals were computed by using the
Helmbold-Schapire-Singer-Warmuth, (HSSW) universal portfolio algorithm
with various starting portfolios. Helmbold et al. (1998) presented an on-line
investment algorithm that yielded almost the same wealth as the best constant
rebalanced portfolio achieved in hindsight from the actual market results.
Their algorithm required the constant storage and computing time per stock in
each trading day. A MATLAB m-file is written based on the modified

algorithm discussed in Section 2.2.

In this section, for the two-stock portfolio of Digi and LPI, we consider
n = 410 trading days and the maximum possible value of r for the
corresponding price-relative set is given as follows:

min x,;
O<r<—22
max x,,

i,n

where (i) minimum price relative, minx,; =0.90 and

in

(1)  maximum price relative, max x,, = 1.19.

in

Thus, r = % = (0.75277504

The EG(#n)-update universal portfolio is generated by the learning parameter #

as follows:
_ f2ln m
n=2r e
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where (i) the number of stocks in the investment portfolio, m = 2,
(i)  the number of trading days in a fixed period of study, n = 410,

(iii)  ris chosen such that r = % = (0.75277504

Thus, 7 = 2r1f21%
— o 202 6.08754493
\ 410

We assume an initial capital or wealth of 1 unit, the wealth S achieved

by a constant rebalanced portfolio b is given as:

n

S, =T1®; x,)

i=1

We note that the period from 27" October 2005 until 23™ May 2007 for the
Digi — LPI stock data is the non-volatile period. The resulting investment
capitals by using the HSSW universal portfolio are listed in Table 3.10 as S410
(HSSW). The resulting investment capitals by using the constant rebalanced
portfolio strategies are extracted from Table 3.3 and listed in Table 3.10 as

S410 (CRP) for comparison.
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Table 3.10: The investment capitals after 410 trading days by using the HSSW
universal portfolio and the constant rebalanced portfolio (CRP) strategies with
various initial investment portfolios based on Digi — LPI stock data during the
non-volatile period from 27™ October 2005 until 23™ May 2007

Initial Investment Investment Capital, Investment Capital,
Digi LPI S410(HSSW) S410(CRP)
0.95 0.05 3.10732394 3.10843311
0.90 0.10 3.11823396 3.12035428
0.85 0.15 3.12789352 3.13092038
0.80 0.20 3.13629854 3.14012154
0.75 0.25 3.14344581 3.14794959
0.70 0.30 3.14933303 3.15439805
0.65 0.35 3.15395879 3.15946214
0.60 0.40 3.15732254 3.16313883
0.55 0.45 3.15942465 3.16542676
0.50 0.50 3.16026633 3.16632633
0.45 0.55 3.15984969 3.16583961
0.40 0.60 3.15817771 3.16397039
0.35 0.65 3.15525421 3.16072415
0.30 0.70 3.15108391 3.15610802
0.25 0.75 3.14567235 3.15013080
0.20 0.80 3.13902592 3.14280293
0.15 0.85 3.13115188 3.13413642
0.10 0.90 3.12205829 3.12414489
0.05 0.95 3.11175406 3.11284350

From Table 3.10, we find that the investment capitals achieved by
using the HSSW universal portfolios do not differ much from that of the CRP
strategies during the non-volatile period from 27™ October 2005 until 23"
May 2007. This is shown in Figure 3.10 for comparison.
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Figure 3.8: Investment capitals with initial investment fraction of Digi in
portfolio using the HSSW universal portfolio and the CRP strategy during the
non-volatile period



Next we consider the volatile period from 13" September 2007 until
30" April 2009, the resulting investment capitals achieved by using the HSSW
universal portfolio are listed in Table 3.11 as S4;9(v) (HSSW). The resulting
investment capitals achieved by using the constant rebalanced portfolio
strategies are extracted from Table 3.3 and listed in Table 3.11 as Saio(v)

(CRP) for comparison.

Table 3.11: The investment capitals obtained during the volatile period from
13" September 2007 until 30" April 2009 after 410 trading days by using the
HSSW universal portfolio and the constant rebalanced portfolio strategies with
various initial investment portfolios based on Digi sp(v) — LPI sp(v) stock data

Initial Investment Portfolio Investment Capital, Investment Capital,

Digi sp(v) LPI sp(v) Sa10(v) (HSSW) Sa10(v) (CRP)
0.95 0.05 1.28503699 1.28534892
0.90 0.10 1.28969346 1.29029084
0.85 0.15 1.29400206 1.29485666
0.80 0.20 1.29796016 1.29904216
0.75 0.25 1.30156533 1.30284347
0.70 0.30 1.30481530 1.30625704
0.65 0.35 1.30770798 1.30927967
0.60 0.40 1.31024147 1.31190850
0.55 0.45 1.31241402 1.31414100
0.50 0.50 1.31422409 1.31597502
0.45 0.55 1.31567030 1.31740873
0.40 0.60 1.31675148 1.31844069
0.35 0.65 1.31746660 1.31906980
0.30 0.70 1.31781487 1.31929532
0.25 0.75 1.31779564 1.31911690
0.20 0.80 1.31740846 1.31853451
0.15 0.85 1.31665309 1.31754852
0.10 0.90 1.31552943 1.31615965
0.05 0.95 1.31403762 1.31436898

From Table 3.11, we find that the capital investments achieved by the
HSSW universal portfolios do not differ much from that of the constant
rebalanced portfolios during the volatile period from 13" September 2007

until 30" April 2009. This is shown in Figure 3.9 for comparison.
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Figure 3.9: Investment capitals with initial investment fraction of Digi sp(v) in
portfolio using the HSSW universal portfolio and the CRP strategy during the
volatile period

3.10 Conclusion

K/

% We have shown the importance and significance of the Dirichlet
(g, o) strategies for both volatile and non-volatile periods of study in

complementing the role of the Dirichlet (1, 1) and Dirichlet (0.5, 0.5)

strategies introduced by Cover and Ordentlich (1996).

% It was observed that the universal portfolios generated by some
Dirichlet distributions outperform the constituent stocks for both
volatile and non-volatile periods of study. This is also evident in the

cases discussed in Cover (1991).

% By finding the ratios of the optimal investment capitals, S and

corresponding universal investment capitals, 5‘n during the volatile
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period and also non-volatile period respectively, we found that for the

two-stock portfolio in investment based on empirical results:

*

as n —> oo, limsuplln - =0.
n—oo n S

n

(See Cover and Ordentlich (1996))

We found that the investment capitals achieved by using the HSSW
universal portfolios for the two-stock portfolio do not differ much from
that of the constant rebalanced portfolio strategies during the non-

volatile and volatile periods of study.
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CHAPTER 4

DIRICHLET-WEIGHTED AND HELMBOLD-SCHAPIRE-SINGER-
WARMUTH UNIVERSAL PORTFOLIOS FOR THREE STOCKS

4.1 The Investment in the Stocks of Daiboci, KNM and Topglov

The stock-price data of three listing companies from the Kuala Lumpur
Stock Exchange (KLSE) namely that of Daibochi Plastic & Packaging
Industries Berhad (abbreviated as Daiboci), KNM Group Berhad (abbreviated
as KNM), Top Glove Corporation Berhad (abbreviated as Topglov) were
chosen as the three-stock portfolio for investment based on their good
performance. The stock data of a total of 305 trading days from 27" October
2005 until 28" December 2006 were collected. The period of trading
mentioned here is considered as the non-volatile period of stock price
fluctuations. Daiboci was chosen as the first constituent stock in the three-
stock universal portfolio. The opening and closing prices in Ringgit Malaysia
(RM) for each stock were observed for each trading day and the corresponding

price relatives were calculated.

Based on the stock-price data collected for this non-volatile period
from 27" October 2005 until 28" December 2006, we shall calculate the
resulting capital after 305 days of investment using the Cover-Ordentlich
universal portfolio in the next section, where we assume that the initial

investment capital is 1 unit.
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4.2 The Performance of Universal Portfolios in Investing in Daiboci,
KNM and Topglov during the Non-Volatile Period of Trading

In this research, we had chosen MATLAB as the platform for the
computation of universal portfolios and capitals. A MATLAB m-file was
written based on the modified algorithm for three-stock universal portfolio

discussed in Section 2.1.4. We used different parameters of the Dirichlet

(o4, &, o) distribution for generating the universal portfolio strategies.

The Dirichlet (1.0, 1.0, 1.0) strategy was first introduced by Cover
(1991). Subsequently, Cover and Ordentlich (1996) introduced the general

class of Dirichlet (¢4, @,, ;) strategies. But the focus of their study is on the

Dirichlet (1.0, 1.0, 1.0) and Dirichlet (0.5, 0.5, 0.5) strategies. The aim of this

project is to study the parametric class of Dirichlet (&, @,, ;) strategies,

especially when the (1.0, 1.0, 1.0) and (0.5, 0.5, 0.5) strategies do not perform
well. Appendix 2 shows the investment capitals achieved for the constituent
stocks Daiboci, KNM and Topglov by using the Cover and Ordentlich
universal portfolios namely the Dirichlet (0.3, 0.7, 0.9) and Dirichlet (2.0, 2.0,
1.0) universal portfolios. These capitals were calculated using the modified
algorithm mentioned in Section 2.1.4. The period of trading from 27™ October
2005 until 28" December 2006 is considered to be the non-volatile period of

stock price fluctuations.

Figure 4.1 shows the investment capital (return) after 305 trading days

i.e. from 27™ October 2005 until 28" December 2006, for investment in the
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stocks Daiboci, KNM and Topglov by the universal portfolios generated by
Dirichlet (0.3, 0.7, 0.9) , Dirichlet (0.9, 1.0, 0.8) and Dirichlet (2.0, 2.0, 1.0)
distributions. It was observed that the universal portfolio generated by
Dirichlet (2.0, 2.0, 1.0) outperforms the constituent stocks during this period

of study.

45 :
Daiboci
KN
4 Topglov 7
Dirichlet(0.3, 0.7, 0.9)
Dirichlet(0.9, 1.0, 0.8)
350 Dirichlet(2.0, 2.0, 1.0) 7

Investment Capital
[i%]
P (23] (%)

—
[y}
T

50 1[IJ[] 1%0 2[I]U 2%[] 3[I][] 350
Days
Figure 4.1: Investment capital (return) for single-stock strategy and universal

portfolios during the non-volatile period

We observe that by varying the parameters¢;, o, anda;, we can

obtain Dirichlet (&, @,,@;) strategies achieving different capitals. For
example, refer to Table 4.1 where the investment capitals of 18 different sets
of (&, &, o) are calculated, namely for (¢, @,, ;) equals to (0.1, 0.3, 0.4),
(0.2,0.9,0.3),(0.3,0.4,0.1), (0.3,0.7,0.9), (0.4, 0.4, 0.3), (0.5, 0.5, 0.5), (0.6,
0.6, 0.5), (0.7, 0.7, 0.7), (0.7, 0.8, 0.8), (0.8, 0.6, 0.3), (0.9, 1.0, 0.8), (1.0, 1.0,
1.0), (2.0, 1.0, 2.0), (2.0, 2.0, 2.0), (2.0, 2.0, 1.0), (1.0, 0.0, 0.0), (0.0, 1.0, 0.0)

and (0.0, 0.0, 1.0) respectively. Except for the detailed calculations for the
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Dirichlet (0.3, 0.7, 0.9) and Dirichlet (2.0, 2.0, 1.0) universal portfolios listed
in Appendix 2, we will not show the detailed calculations for the other 16

universal portfolios listed in Table 4.1.

In Table 4.1, the investment capitals (returns) obtained after these 305
trading days with 18 universal portfolio strategies generated by the Dirichlet

(o, &y, o) distribution based on the stock price data of Daiboci, KNM and

Topglov are ranged from 3.74162265 units to 3.90396078 units. The Dirichlet

(2.0, 2.0, 1.0) strategy (as shown highlighted in grey colour) achieves the

highest capital of § 105 = 3.90396078 units whereas the Dirichlet (1.0, 0.0, 0.0)

achieves the lowest capital of § 305 = 3.74162265 units. The Dirichlet (1.0, 1.0,
1.0) and Dirichlet (0.5, 0.5, 0.5) strategies introduced by Cover and Ordentlich
achieve capitals of S, = 3.88297775 units and S, = 3.85727059 units

respectively for this period of study. This once again shows the importance

and significance of the Dirichlet (¢4, &,, &) strategies other than the Dirichlet

(1.0, 1.0, 1.0) and Dirichlet (0.5, 0.5, 0.5) strategies.
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Table 4.1: The investment capitals (returns) achieved after 305 trading days,
with 18 universal portfolio strategies generated by the Dirichlet (¢, &,, ;)

distribution based on the stock price data of Daiboci, KNM and Topglov from
27" October 2005 until 28" December 2006

. Cover and Qrdenthch Investment Capital after
Universal Portfolio generated by s tradine d A
Dirichlet (a, a,, a,) distribution | 0> rading days. Sy,

(0.1.0.3. 04 3.80932385
(0.2,0.9,0.3) 3.82653302
(0.3,0.4,0.1) 3.83286977
(0.3,0.7,0.9) 3.84051942
(0.4,0.4,0.3) 3.84652601
(0.5,0.5,0.5) 3.85727059
(0.6, 0.6, 0.5) 3.86426389
(0.7,0.7,0.7) 3.87051335
(0.7,0.8,0.8) 3.87123589
(0.8,0.6,0.3) 3.86684992
(0.9, 1.0,0.8) 3.88042998
(1.0, 1.0, 1.0) 3.88297775
(2.0,1.0,2.0) 3.89555250
(2.0,2.0,2.0) 3.90148494
(2.0,2.0, 1.0 3.90396078
(1.0, 0.0, 0.0) 3.74162265
(0.0, 1.0, 0.0) 3.76411974
(0.0, 0.0, 1.0) 3.76160500

Note: The investment capitals (returns) achieved after 305 trading days for
single-stock strategy of the constituent stocks, Daiboci, KNM and Topglov are
listed in last three rows of the above Table 4.1, by using the universal
portfolios generated by the Dirichlet (1.0, 0.0, 0.0), Dirichlet (0.0, 1.0, 0.0)

and Dirichlet (0.0, 0.0, 1.0) distributions respectively.

4.3 The Investment in the Stocks of Daiboci, KNM and Topglov
during the Volatile Period of Trading

The recent market crashes and finance tsunami in 2008 is causing
problems worldwide; as such we investigate the impact the stock market crash

of 2008 to portfolio investment. The stock price data of a total of 305 trading
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days from 1" February 2008 until 30" April 2009 were collected. This period
of trading is considered as the volatile period. Three sets of stock price data
from the Kuala Lumpur Stock Exchange (KLSE) namely that of Daiboci
sp(v), KNM sp(v) and Topglov sp(v) were collected for analysis. We use the
abbreviation sp(v) for the stock prices collected during the above mentioned
volatile period. Daiboci sp(v) was chosen as the first constituent stock in the
three-stock universal portfolio. The opening and closing prices in Ringgit
Malaysia (RM) for each stock were observed for each trading day and the
corresponding price relatives were calculated.

Based on the stock-price data collected for this volatile period from
11"™ February 2008 until 30™ April 2009, we shall calculate the resulting
capital after 305 days of investment using the Cover-Ordentlich universal
portfolio in the next section, where we assume that the initial investment

capital is 1 unit.

4.4 The Performance of Universal Portfolios in Investing in Daiboci,
KNM and Topglov during the Volatile Period of Trading

In this section, the parametric class of Dirichlet (¢, @,,@;)

distributions was again used for generating the universal portfolio strategies
during the volatile period from 11" February 2008 until 30" April 2009. We
use the same MATLAB m-file as mentioned in Section 4.2.

Figure 4.2 shows the investment capital (return) after 305 trading days
i.e. from 11™ February 2008 until 30"™ April 2009 during the volatile period,
for investment in the stocks Daiboci sp(v), KNM sp(v) and Topglov sp(v) by
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the universal portfolios generated by Dirichlet (0.7, 0.2, 0.1), Dirichlet (0.9,
0.1, 0.7) and Dirichlet (3.0, 0.1, 0.2) distributions. It was observed that
Daiboci sp(v) outperforms the universal portfolios during this volatile period

of study.

Daiboci sp(v)

KMM sp(v)

Topglov sp(v)
Dirichlet(0.7, 0.2, 0.1)
Dirichlet(0.9, 0.1, 0.7)
Dirichlet(3.0, 0.1, 0.2)

Investment Capital

350

Days

Figure 4.2: Investment capital (return) for single-stock strategy and universal
portfolios during the volatile period

These capitals were again calculated using the modified algorithm
mentioned in Section 2.1.4 with MATLAB. We observe that by varying the
parameters¢;, &, anday, we can obtain Dirichlet (¢, &, 04) strategies
achieving different capitals. For example, refer to Table 4.2 where the
investment capitals of 18 different pairs of (¢4, &,, &;) are calculated, namely
for (&, &, o) equals to (0.1, 0.3, 0.4), (0.2, 0.9, 0.3), (0.3, 0.4, 0.1), (0.3, 0.7,

0.2), (0.4, 0.2, 0.3), (0.5, 0.5, 0.5), (0.6, 0.6, 0.5), (0.7, 0.7, 0.7), (0.7, 0.2, 0.1),
(0.8, 0.6, 0.3), (0.9, 0.1, 0.7), (1.0, 1.0, 1.0), (2.0, 1.0, 2.0), (2.0, 2.0, 2.0), (3.0,
0.1, 0.2), (0.0, 1.0, 0.0), (0.0, 1.0, 0.0) and (0.0, 1.0, 0.0) respectively. The

investment capitals (returns) obtained after these 305 trading days with 18
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universal portfolio strategies generated by the Dirichlet (¢, &,,a;)

distribution based on the stock price data of Daiboci sp(v), KNM sp(v) and
Topglov sp(v) are ranged from 0.16279082 units to 5.94093766 units. The

Dirichlet (3.0, 0.1, 0.2) strategy (as shown highlighted in grey colour) achieves

the highest capital of § 105 = 9.94093766 units whereas the Dirichlet (0.0, 1.0,

0.0) achieves the lowest capital of § 305 = 0.16279082 units. The Dirichlet (1.0,
1.0, 1.0) and Dirichlet (0.5, 0.5, 0.5) strategies introduced by Cover and
Ordentlich achieve capitals of S, = 1.43418118 units and S, = 1.66134091
units respectively for this period of study. This once again shows the
importance and significance of the Dirichlet (&, @,, @;) strategies other than

the Dirichlet (1.0, 1.0, 1.0) and Dirichlet (0.5, 0.5, 0.5) strategies.

Table 4.2: The investment capitals achieved after 305 trading days, with 18
universal portfolio strategies generated by Dirichlet (&, &,, &) distribution

based on the stock price data of Daiboci sp(v), KNM sp(v) and Topglov sp(v)
during the volatile period, from 1® February 2008 until 30™ April 2009

) Cover and Qrdenthch Investment Capital after
Universal Portfolio generated by . A
Dirichlet (g, a, @) distribution | 30 trading days, S5; (v)

(0.1.0.3. 0.4 0.98030904
(0.2,0.9,0.3) 0.69712688
(0.3,0.4,0.1) 1.89806601
(0.3,0.7,0.2) 1.12458747
(0.4,0.2,0.3) 2.57573156
(0.5,0.5,0.5) 1.66134091
(0.6, 0.6, 0.5) 1.66554092
(0.7,0.7,0.7) 1.54197343
(0.7,0.2,0.1) 4.10527155
(0.8,0.6,0.3) 2.29512492
(0.9,0.1,0.7) 3.09776713
(1.0, 1.0, 1.0) 1.43418118
(2.0,1.0,2.0) 1.79849356
(2.0,2.0,2.0) 1.28382122
(3.0,0.1, 0.2) 5.94093766
(1.0, 0.0, 0.0) 7.07644368
(0.0, 1.0, 0.0) 0.16279082
(0.0, 0.0, 1.0) 0.81403273
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Note: The investment capitals (returns) achieved after 305 trading days for
single-stock strategy of the constituent stocks, Daiboci sp(v), KNM sp(v) and
Topglov sp(v) are listed in last three rows of the above Table 4.2, by using the
universal portfolios generated by the Dirichlet (1.0, 0.0, 0.0), Dirichlet (0.0,

1.0, 0.0) and Dirichlet (0.0, 0.0, 1.0) distributions respectively.

4.5 Constant Rebalanced Strategies

4.5.1 Constant Rebalanced Strategies for Non-Volatile Period

In this section, we shall use 101 constant rebalanced strategies for
investment in the stocks of Daiboci, KNM and Topglov for a total of 305
trading days for the non-volatile period from 27" October 2005 until 28"

December 2006.

The initial investment capital is one unit and the resulting capitals after
305 trading days are calculated. The constant rebalanced portfolio strategies
for the investment in the stocks of Daiboci, KNM and Topglov is determined
by using the cycle coordinate ascent algorithm which is known to be
convergent. Table 4.3 shows a list of constant rebalanced strategies calculated
in the course of applying the algorithm. We begin by fixing a coordinate in the

portfolio vector b = (b;,b,,b;) and then vary the other coordinates to obtain
the maximum capital. For example, if we begin by fixing the b, coordinate at

b, then maximize the capital for all portfolio vectors of b = (1—b, —by, b, by),

that is maximize the capital over 0 <b; < l—b'z. If the maximum is when b =
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(l—bv2 —bv, b, , b;) , then we fix the coordinate bé and continue to maximize the
capital over b =(b,1—b —b;,b,), until we obtain a maximum when b =

(b,1-b,—bs, b;). Thus, we consider the first cycle is completed and we
continue with the second cycle by maximizing the capital over b
=(b, by, 1—b —b,), that is over 0<h,<I1—h. The process of fixing a
particular coordinate b, at a certain point and maximizing with respect to the
other free coordinate until the maximum is found, is repeated in a cyclic
manner until we obtain a fixed point b* = (b/, by, b;) . At the fixed point b*, by

maximizing with respect to the other free coordinate until it ends up at the

same point b*. In this case, the algorithm is said to converge at b*.

In this experiment, we begin the algorithm by fixing the third
constituent stock Topglov, that is the by coordinate in the portfolio vector b =
(b, b,,b;) to be 0. We then maximize the capital over the constant rebalanced
portfolio strategies of b = (1-b,b,0), where b increasing in units of 0.01

from 0.00 to 1.00. From all possible constant portfolio strategies b, we search
for the best constant rebalanced strategy and we find that the best constant
rebalanced strategy is b = (0.48, 0.52, 0.00), yielding investment capital of S3¢s
= 3.93131073 units. This 1s listed in Table 4.3 (as shown highlighted in grey

colour) and is shown in Figure 4.3.
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Table 4.3: Investment capitals S35 calculated using the constant rebalanced
portfolios (CRP) for the non-volatile period with the investment fraction of
KNM in portfolio and the investment fraction of Topglov is fixed at zero

Investment Fraction Investment Investment Fraction Investment
Capital, Capital,
Daiboci | KNM | Topglov S305 (CRP) Daiboci | KNM | Topglov || §,.s (CRP)

1.00 0.00 0.00 3.74162265 0.49 0.51 0.00 3.93122577
0.99 0.01 0.00 3.74861758 0.48 0.52 0.00 3.93131073

0.98 0.02 0.00 3.75549212 0.47 0.53 0.00 3.93124993
0.97 0.03 0.00 3.76224549 0.46 0.54 0.00 3.93104320
0.96 0.04 0.00 3.76887691 0.45 0.55 0.00 3.93069040
0.95 0.05 0.00 3.77538562 0.44 0.56 0.00 3.93019141
0.94 0.06 0.00 3.78177086 0.43 0.57 0.00 3.92954610
0.93 0.07 0.00 3.78803189 0.42 0.58 0.00 3.92875437
0.92 0.08 0.00 3.79416798 0.41 0.59 0.00 3.92781613
0.91 0.09 0.00 3.80017839 0.40 0.60 0.00 3.92673133
0.90 0.10 0.00 3.80606242 0.39 0.61 0.00 3.92549988
0.89 0.11 0.00 3.81181936 0.38 0.62 0.00 3.92412176
0.88 0.12 0.00 3.81744852 0.37 0.63 0.00 3.92259693
0.87 0.13 0.00 3.82294922 0.36 0.64 0.00 3.92092538
0.86 0.14 0.00 3.82832079 0.35 0.65 0.00 3.91910711
0.85 0.15 0.00 3.83356256 0.34 0.66 0.00 3.91714213
0.84 0.16 0.00 3.83867389 0.33 0.67 0.00 3.91503048
0.83 0.17 0.00 3.84365413 0.32 0.68 0.00 3.91277219
0.82 0.18 0.00 3.84850267 0.31 0.69 0.00 3.91036733
0.81 0.19 0.00 3.85321889 0.30 0.70 0.00 3.90781597
0.80 0.20 0.00 3.85780218 0.29 0.71 0.00 3.90511819
0.79 0.21 0.00 3.86225195 0.28 0.72 0.00 3.90227411
0.78 0.22 0.00 3.86656763 0.27 0.73 0.00 3.89928384
0.77 0.23 0.00 3.87074863 0.26 0.74 0.00 3.89614751
0.76 0.24 0.00 3.87479442 0.25 0.75 0.00 3.89286526
0.75 0.25 0.00 3.87870443 0.24 0.76 0.00 3.88943727
0.74 0.26 0.00 3.88247815 0.23 0.77 0.00 3.88586370
0.73 0.27 0.00 3.88611504 0.22 0.78 0.00 3.88214476
0.72 0.28 0.00 3.88961461 0.21 0.79 0.00 3.87828064
0.71 0.29 0.00 3.89297635 0.20 0.80 0.00 3.87427156
0.70 0.30 0.00 3.89619979 0.19 0.81 0.00 3.87011777
0.69 0.31 0.00 3.89928445 0.18 0.82 0.00 3.86581951
0.68 0.32 0.00 3.90222987 0.17 0.83 0.00 3.86137704
0.67 0.33 0.00 3.90503562 0.16 0.84 0.00 3.85679066
0.66 0.34 0.00 3.90770125 0.15 0.85 0.00 3.85206064
0.65 0.35 0.00 3.91022636 0.14 0.86 0.00 3.84718731
0.64 0.36 0.00 3.91261053 0.13 0.87 0.00 3.84217098
0.63 0.37 0.00 3.91485338 0.12 0.88 0.00 3.83701199
0.62 0.38 0.00 3.91695451 0.11 0.89 0.00 3.83171070
0.61 0.39 0.00 3.91891358 0.10 0.90 0.00 3.82626747
0.60 0.40 0.00 3.92073021 0.09 0.91 0.00 3.82068269
0.59 0.41 0.00 3.92240408 0.08 0.92 0.00 3.81495674
0.58 0.42 0.00 3.92393486 0.07 0.93 0.00 3.80909005
0.57 0.43 0.00 3.92532224 0.06 0.94 0.00 3.80308303
0.56 0.44 0.00 3.92656591 0.05 0.95 0.00 3.79693613
0.55 0.45 0.00 3.92766560 0.04 0.96 0.00 3.79064980
0.54 0.46 0.00 3.92862103 0.03 0.97 0.00 3.78422451
0.53 0.47 0.00 3.92943194 0.02 0.98 0.00 3.77766074
0.52 0.48 0.00 3.93009809 0.01 0.99 0.00 3.77095898
0.51 0.49 0.00 3.93061926 0.00 1.00 0.00 3.76411974

0.50 0.50 0.00 3.93099522
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The investment capitals achieved by the constant rebalanced portfolio
strategy for a total of 305 trading days, i.e. S30s (CRP) based on the stock price
relatives of Daiboci, KNM and Topglov with the investment fraction of KNM
in portfolio and the investment fraction of Topglov is fixed at zero, during the
non-volatile period from 27" October 2005 until 28" December 2006 is shown

in Figure 4.3.
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Figure 4.3: Investment capitals achieved by the CRP strategy with investment
fraction of KNM in portfolio and investment fraction of Topglov fixed at zero

Now we fix the proportion in the second stock of KNM at 0.52 and
search for the portfolio b = (1 — b — 0.52, 0.52, b) that maximizes the capital.
We consider b increasing in units of 0.01 from 0.00 to 0.48 and obtain the
maximum capital of S3ps = 3.93265677 units for the best constant rebalanced
strategy b = (0.43, 0.52, 0.05). These results are listed in Table 4.4 and showed

in Figure 4.4.
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Table 4.4: Investment capitals S3os calculated using the constant rebalanced
portfolios (CRP) for the non-volatile period with the investment fraction of
Topglov in portfolio and the investment fraction of KNM fixed at 0.52

Investment Fraction )
Daiboci KNM Topglov Investment Capital, S3ps (CRP)
0.48 0.52 0.00 3.93131073
0.47 0.52 0.01 3.93182457
0.46 0.52 0.02 3.93221630
0.45 0.52 0.03 3.93248570
0.44 0.52 0.04 3.93263259
0.43 0.52 0.05 3.93265677
0.42 0.52 0.06 3.93255807
0.41 0.52 0.07 3.93233631
0.40 0.52 0.08 3.93199134
0.39 0.52 0.09 3.93152301
0.38 0.52 0.10 3.93093118
0.37 0.52 0.11 3.93021572
0.36 0.52 0.12 3.92937651
0.35 0.52 0.13 3.92841344
0.34 0.52 0.14 3.92732642
0.33 0.52 0.15 3.92611535
0.32 0.52 0.16 3.92478015
0.31 0.52 0.17 3.92332075
0.30 0.52 0.18 3.92173711
0.29 0.52 0.19 3.92002916
0.28 0.52 0.20 3.91819686
0.27 0.52 0.21 3.91624020
0.26 0.52 0.22 3.91415915
0.25 0.52 0.23 3.91195370
0.24 0.52 0.24 3.90962386
0.23 0.52 0.25 3.90716964
0.22 0.52 0.26 3.90459106
0.21 0.52 0.27 3.90188816
0.20 0.52 0.28 3.89906097
0.19 0.52 0.29 3.89610956
0.18 0.52 0.30 3.89303398
0.17 0.52 0.31 3.88983432
0.16 0.52 0.32 3.88651065
0.15 0.52 0.33 3.88306308
0.14 0.52 0.34 3.87949170
0.13 0.52 0.35 3.87579664
0.12 0.52 0.36 3.87197802
0.11 0.52 0.37 3.86803598
0.10 0.52 0.38 3.86397066
0.09 0.52 0.39 3.85978223
0.08 0.52 0.40 3.85547085
0.07 0.52 0.41 3.85103670
0.06 0.52 0.42 3.84647998
0.05 0.52 0.43 3.84180087
0.04 0.52 0.44 3.83699959
0.03 0.52 0.45 3.83207637
0.02 0.52 0.46 3.82703143
0.01 0.52 0.47 3.82186501
0.00 0.52 0.48 3.81657736
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The investment capitals achieved by the constant rebalanced portfolio
strategy for a total of 305 trading days, i.e. S30s (CRP) based on the stock price
relatives of Daiboci, KNM and Topglov with the investment fraction of
Topglov in portfolio and the investment fraction of KNM fixed at 0.52 during
the non-volatile period from 27" October 2005 until 28" December 2006 is

shown in Figure 4.4.
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Figure 4.4: Investment capitals achieved by the CRP strategy with investment
fraction of Topglov in portfolio and investment fraction of KNM fixed at 0.52

Next we fix the proportion of KNM in the second coordinate at 0.00

and search for the portfolio b = (1-5;,0.00,b;) that maximizes the capital

where b; increasing in units of 0.01 from 0.00 to 1.00. This is found when b =

(0.48, 0.00, 0.52) and S35 = 3.90025885 units as listed in Table 4.5 (as shown

highlighted in grey colour) and showed in Figure 4.5.

76



Table 4.5: Investment capitals Szps calculated using the constant rebalanced
portfolios (CRP) for the non-volatile period with the investment fraction
Topglov in portfolio and the investment fraction KNM fixed at zero

Investment Fraction Investment Investment Fraction Investment
Capital, Capital,
Daiboci | KNM | Topglov || §,.. (CRP) || Daiboci | KNM | Topglov || §,.. (CRP)

1.00 0.00 0.00 3.74162265 0.49 0.00 0.51 3.90016397
0.99 0.00 0.01 3.74746009 0.48 0.00 0.52 3.90025885

0.98 0.00 0.02 3.75319649 0.47 0.00 0.53 3.90023274
0.97 0.00 0.03 3.75883127 0.46 0.00 0.54 3.90008549
0.96 0.00 0.04 3.76436385 0.45 0.00 0.55 3.89981693
0.95 0.00 0.05 3.76979365 0.44 0.00 0.56 3.89942693
0.94 0.00 0.06 3.77512011 0.43 0.00 0.57 3.89891535
0.93 0.00 0.07 3.78034269 0.42 0.00 0.58 3.89828205
0.92 0.00 0.08 3.78546082 0.41 0.00 0.59 3.89752694
0.91 0.00 0.09 3.79047397 0.40 0.00 0.60 3.89664990
0.90 0.00 0.10 3.79538160 0.39 0.00 0.61 3.89565083
0.89 0.00 0.11 3.80018317 0.38 0.00 0.62 3.89452965
0.88 0.00 0.12 3.80487818 0.37 0.00 0.63 3.89328629
0.87 0.00 0.13 3.80946610 0.36 0.00 0.64 3.89192067
0.86 0.00 0.14 3.81394643 0.35 0.00 0.65 3.89043274
0.85 0.00 0.15 3.81831867 0.34 0.00 0.66 3.88882245
0.84 0.00 0.16 3.82258232 0.33 0.00 0.67 3.88708978
0.83 0.00 0.17 3.82673691 0.32 0.00 0.68 3.88523468
0.82 0.00 0.18 3.83078194 0.31 0.00 0.69 3.88325715
0.81 0.00 0.19 3.83471696 0.30 0.00 0.70 3.88115717
0.80 0.00 0.20 3.83854151 0.29 0.00 0.71 3.87893476
0.79 0.00 0.21 3.84225512 0.28 0.00 0.72 3.87658992
0.78 0.00 0.22 3.84585735 0.27 0.00 0.73 3.87412268
0.77 0.00 0.23 3.84934776 0.26 0.00 0.74 3.87153308
0.76 0.00 0.24 3.85272593 0.25 0.00 0.75 3.86882115
0.75 0.00 0.25 3.85599143 0.24 0.00 0.76 3.86598695
0.74 0.00 0.26 3.85914385 0.23 0.00 0.77 3.86303055
0.73 0.00 0.27 3.86218277 0.22 0.00 0.78 3.85995202
0.72 0.00 0.28 3.86510781 0.21 0.00 0.79 3.85675144
0.71 0.00 0.29 3.86791857 0.20 0.00 0.80 3.85342891
0.70 0.00 0.30 3.87061467 0.19 0.00 0.81 3.84998454
0.69 0.00 0.31 3.87319574 0.18 0.00 0.82 3.84641843
0.68 0.00 0.32 3.87566142 0.17 0.00 0.83 3.84273073
0.67 0.00 0.33 3.87801135 0.16 0.00 0.84 3.83892155
0.66 0.00 0.34 3.88024518 0.15 0.00 0.85 3.83499104
0.65 0.00 0.35 3.88236257 0.14 0.00 0.86 3.83093938
0.64 0.00 0.36 3.88436320 0.13 0.00 0.87 3.82676670
0.63 0.00 0.37 3.88624674 0.12 0.00 0.88 3.82247321
0.62 0.00 0.38 3.88801289 0.11 0.00 0.89 3.81805907
0.61 0.00 0.39 3.88966133 0.10 0.00 0.90 3.81352450
0.60 0.00 0.40 3.89119178 0.09 0.00 0.91 3.80886969
0.59 0.00 0.41 3.89260395 0.08 0.00 0.92 3.80409486
0.58 0.00 0.42 3.89389756 0.07 0.00 0.93 3.79920024
0.57 0.00 0.43 3.89507234 0.06 0.00 0.94 3.79418607
0.56 0.00 0.44 3.89612805 0.05 0.00 0.95 3.78905259
0.55 0.00 0.45 3.89706442 0.04 0.00 0.96 3.78380007
0.54 0.00 0.46 3.89788122 0.03 0.00 0.97 3.77842876
0.53 0.00 0.47 3.89857823 0.02 0.00 0.98 3.77293896
0.52 0.00 0.48 3.89915521 0.01 0.00 0.99 3.76733094
0.51 0.00 0.49 3.89961196 0.00 0.00 1.00 3.76160500

0.50 0.00 0.50 3.89994828
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The investment capitals achieved by the constant rebalanced portfolio
strategy for a total of 305 trading days, i.e. S30s (CRP) based on the stock price
relatives of Daiboci, KNM and Topglov with the investment fraction of
Topglov in portfolio and the investment fraction of KNM fixed at zero during
the non-volatile period from 27" October 2005 until 28" December 2006 are

shown in Figure 4.5.

w
o
b=

Investment Capital
woow oW ow w
el o =) oo oo hod w
[=-] %] = o oo w (3]

w

=]

@
T

w

=

@
T

374
0

L L L L L L L L L
01 0.2 03 04 0.5 0.6 07 0.8 0.9 1

Investment Fraction of Topglov in Portfolio with KNM Fix at zero
Figure 4.5: Investment capitals achieved by the CRP strategy with investment
fraction of Topglov in portfolio and the investment fraction KNM fixed at zero
Next we fix the proportion in the third stock of Topglov at 0.52 and
search for the portfolio b = (1 — b — 0.52, b, 0.52) that maximizes the capital.
We consider b increasing in units of 0.01 from 0.00 to 0.48 and obtain the
maximum capital of S3ps = 3.91122398 units for the best constant rebalanced
strategy b = (0.36, 0.12, 0.52). These results are listed in Table 4.6 and showed

in Figure 4.6.
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Table 4.6: Investment capitals S3ps calculated using the constant rebalanced
portfolios (CRP) for the non-volatile period with the investment fraction of
KNM in portfolio and the investment fraction of Topglov fixed at 0.52

Investment Fraction .
Daiboci KNM Topaloy Investment Capital, S3ps (CRP)
048 0.00 052 3 90025885
0.47 0.01 0.52 3.90197332
0.46 0.02 0.52 3.90354322
0.45 0.03 0.52 3.90496821
0.44 0.04 0.52 3.90624797
0.43 0.05 0.52 3.90738220
0.42 0.06 0.52 3.90837059
0.41 0.07 0.52 3.90921288
0.40 0.08 0.52 3.90990880
0.39 0.09 0.52 3.91045810
0.38 0.10 0.52 3.91086054
0.37 0.11 0.52 3.91111590
0.36 0.12 0.52 3.91122398
0.35 0.13 0.52 3.91118458
0.34 0.14 0.52 3.91099752
0.33 0.15 0.52 3.91066265
0.32 0.16 0.52 3.91017981
0.31 0.17 0.52 3.90954886
0.30 0.18 0.52 3.90876970
0.29 0.19 0.52 3.90784221
0.28 0.20 0.52 3.90676630
0.27 0.21 0.52 3.90554190
0.26 0.22 0.52 3.90416895
0.25 0.23 0.52 3.90264740
0.24 0.24 0.52 3.90097723
0.23 0.25 0.52 3.89915841
0.22 0.26 0.52 3.89719096
0.21 0.27 0.52 3.89507487
0.20 0.28 0.52 3.89281018
0.19 0.29 0.52 3.89039694
0.18 0.30 0.52 3.88783520
0.17 0.31 0.52 3.88512505
0.16 0.32 0.52 3.88226656
0.15 0.33 0.52 3.87925985
0.14 0.34 0.52 3.87610504
0.13 0.35 0.52 3.87280225
0.12 0.36 0.52 3.86935165
0.11 0.37 0.52 3.86575339
0.10 0.38 0.52 3.86200766
0.09 0.39 0.52 3.85811465
0.08 0.40 0.52 3.85407458
0.07 0.41 0.52 3.84988766
0.06 0.42 0.52 3.84555415
0.05 0.43 0.52 3.84107430
0.04 0.44 0.52 3.83644837
0.03 0.45 0.52 3.83167666
0.02 0.46 0.52 3.82675947
0.01 0.47 0.52 3.82169711
0.00 0.48 0.52 3.81648991

The investment capitals achieved by the constant rebalanced portfolio
strategy for a total of 305 trading days, i.e. S30s (CRP) based on the stock price
relatives of Daiboci, KNM and Topglov with the investment fraction of
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Topglov in portfolio and the investment fraction of KNM fixed at 0.52 during
the non-volatile period from 27" October 2005 until 28" December 2006 is

shown in Figure 4.6.
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Figure 4.6: Investment capitals achieved by the CRP strategy with investment
fraction of KNM in portfolio and investment fraction of Topglov fixed at 0.52

Lastly we fix the proportion of Daiboci in the first coordinate at 0.00
and search for the portfolio b = (0.00,b,,1—b,) that maximizes the capital
where b, increasing in units of 0.01 from 0.00 to 1.00. This is found when b =

(0.00, 0.51, 0.49) and the maximum capital of S3ps = 3.81662045 units as listed

in Table 4.7 (as shown highlighted in grey colour) and showed in Figure 4.7.
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Table 4.7: Investment capitals S35 calculated using the constant rebalanced
portfolios (CRP) for the non-volatile period with the investment fraction of
KNM in portfolio and the investment fraction of Daiboci fixed at zero

Investment Fraction Investment Investment Fraction Investment
Capital, Capital,
Daiboci | KNM | Topglov S305 (CRP) Daiboci | KNM | Topglov S30s (CRP)
0.00 0.00 1.00 3 76160500 0.00 0.51 049 3 81662045
0.00 0.01 0.99 3.76375127 0.00 0.52 0.48 3.81657736
0.00 0.02 0.98 3.76585556 0.00 0.53 0.47 3.81649100
0.00 0.03 0.97 3.76791781 0.00 0.54 0.46 3.81636136
0.00 0.04 0.96 3.76993795 0.00 0.55 0.45 3.81618846
0.00 0.05 0.95 3.77191592 0.00 0.56 0.44 3.81597232
0.00 0.06 0.94 3.77385168 0.00 0.57 0.43 3.81571295
0.00 0.07 0.93 3.77574516 0.00 0.58 0.42 3.81541037
0.00 0.08 0.92 3.77759632 0.00 0.59 0.41 3.81506460
0.00 0.09 0.91 3.77940509 0.00 0.60 0.40 3.81467566
0.00 0.10 0.90 3.78117143 0.00 0.61 0.39 3.81424357
0.00 0.11 0.89 3.78289529 0.00 0.62 0.38 3.81376835
0.00 0.12 0.88 3.78457662 0.00 0.63 0.37 3.81325002
0.00 0.13 0.87 3.78621538 0.00 0.64 0.36 3.81268862
0.00 0.14 0.86 3.78781151 0.00 0.65 0.35 3.81208417
0.00 0.15 0.85 3.78936498 0.00 0.66 0.34 3.81143670
0.00 0.16 0.84 3.79087574 0.00 0.67 0.33 3.81074623
0.00 0.17 0.83 3.79234375 0.00 0.68 0.32 3.81001280
0.00 0.18 0.82 3.79376898 0.00 0.69 0.31 3.80923645
0.00 0.19 0.81 3.79515137 0.00 0.70 0.30 3.80841720
0.00 0.20 0.80 3.79649090 0.00 0.71 0.29 3.80755509
0.00 0.21 0.79 3.79778754 0.00 0.72 0.28 3.80665017
0.00 0.22 0.78 3.79904123 0.00 0.73 0.27 3.80570246
0.00 0.23 0.77 3.80025197 0.00 0.74 0.26 3.80471200
0.00 0.24 0.76 3.80141970 0.00 0.75 0.25 3.80367884
0.00 0.25 0.75 3.80254441 0.00 0.76 0.24 3.80260303
0.00 0.26 0.74 3.80362606 0.00 0.77 0.23 3.80148459
0.00 0.27 0.73 3.80466463 0.00 0.78 0.22 3.80032359
0.00 0.28 0.72 3.80566009 0.00 0.79 0.21 3.79912006
0.00 0.29 0.71 3.80661242 0.00 0.80 0.20 3.79787406
0.00 0.30 0.70 3.80752159 0.00 0.81 0.19 3.79658563
0.00 0.31 0.69 3.80838759 0.00 0.82 0.18 3.79525482
0.00 0.32 0.68 3.80921039 0.00 0.83 0.17 3.79388169
0.00 0.33 0.67 3.80998998 0.00 0.84 0.16 3.79246628
0.00 0.34 0.66 3.81072634 0.00 0.85 0.15 3.79100866
0.00 0.35 0.65 3.81141945 0.00 0.86 0.14 3.78950888
0.00 0.36 0.64 3.81206929 0.00 0.87 0.13 3.78796700
0.00 0.37 0.63 3.81267587 0.00 0.88 0.12 3.78638307
0.00 0.38 0.62 3.81323916 0.00 0.89 0.11 3.78475716
0.00 0.39 0.61 3.81375915 0.00 0.90 0.10 3.78308933
0.00 0.40 0.60 3.81423584 0.00 0.91 0.09 3.78137964
0.00 041 0.59 3.81466922 0.00 0.92 0.08 3.77962815
0.00 0.42 0.58 3.81505929 0.00 0.93 0.07 3.77783493
0.00 0.43 0.57 3.81540603 0.00 0.94 0.06 3.77600005
0.00 0.44 0.56 3.81570945 0.00 0.95 0.05 3.77412358
0.00 0.45 0.55 3.81596955 0.00 0.96 0.04 3.77220558
0.00 0.46 0.54 3.81618633 0.00 0.97 0.03 3.77024612
0.00 0.47 0.53 3.81635978 0.00 0.98 0.02 3.76824528
0.00 0.48 0.52 3.81648991 0.00 0.99 0.01 3.76620313
0.00 0.49 0.51 3.81657673 0.00 1.00 0.00 3.76411974
0.00 050 050 3 R1662024 |
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The investment capitals achieved by the constant rebalanced portfolio
strategy for a total of 305 trading days, i.e. S30s (CRP) based on the stock price
relatives of Daiboci, KNM and Topglov with the investment fraction of KNM
in portfolio and the investment fraction of Daiboci fixed at zero during the
non-volatile period from 27" October 2005 until 28" December 2006 is shown

in Figure 4.7.

383

[X) w
=~ @
-] =

Investment Capital

@
.
=

w
~
-

376
0

01 02 0.3 04 05 0.6 07 0.8 09 1

Investment Fraction of KINM in Portfolio with Daiboci Fix at zero

Figure 4.7: Investment capitals achieved by the CRP strategy with investment
fraction of KNM in portfolio and investment fraction of Daiboci fixed at zero

Lastly, we fix the proportion in the second stock of KNM at 0.51 and
search for the portfolio b = (b, 0.51, 1 — b — 0.51) that maximizes the capital.
We consider b increasing in units of 0.01 from 0.00 to 0.49 and obtain the
maximum capital of S3ps = 3.93314554 units for the best constant rebalanced

strategy b = (0.43, 0.51, 0.06). These results are listed in Table 4.8 and showed

in Figure 4.8.
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Table 4.8: Investment capitals Szps calculated using the constant rebalanced
portfolios (CRP) for the non-volatile period with the investment fraction of
Daiboci in portfolio and the investment fraction of KNM fixed at 0.51

Investment Fraction
— Investment Capital, S3ps (CRP)
Daiboci KNM Topglov
0.00 0.51 0.49 3.81662045
0.01 0.51 0.48 3.82191815
0.02 0.51 0.47 3.82709465
0.03 0.51 0.46 3.83214970
0.04 0.51 0.45 3.83708306
0.05 0.51 0.44 3.84189450
0.06 0.51 0.43 3.84658379
0.07 0.51 0.42 3.85115073
0.08 0.51 041 3.85559511
0.09 0.51 0.40 3.85991674
0.10 0.51 0.39 3.86411545
0.11 0.51 0.38 3.86819106
0.12 0.51 0.37 3.87214341
0.13 0.51 0.36 3.87597236
0.14 0.51 0.35 3.87967777
0.15 0.51 0.34 3.88325951
0.16 0.51 0.33 3.88671746
0.17 0.51 0.32 3.89005152
0.18 0.51 0.31 3.89326159
0.19 0.51 0.30 3.89634758
0.20 0.51 0.29 3.89930941
0.21 0.51 0.28 3.90214703
0.22 0.51 0.27 3.90486038
0.23 0.51 0.26 3.90744941
0.24 0.51 0.25 3.90991408
0.25 0.51 0.24 3.91225439
0.26 0.51 0.23 3.91447030
0.27 0.51 0.22 3.91656182
0.28 0.51 0.21 3.91852895
0.29 0.51 0.20 3.92037172
0.30 0.51 0.19 3.92209014
0.31 0.51 0.18 3.92368426
0.32 0.51 0.17 3.92515412
0.33 0.51 0.16 3.92649979
0.34 0.51 0.15 3.92772133
0.35 0.51 0.14 3.92881881
0.36 0.51 0.13 3.92979234
0.37 0.51 0.12 3.93064199
0.38 0.51 0.11 3.93136789
0.39 0.51 0.10 3.93197016
0.40 0.51 0.09 3.93244891
0.41 0.51 0.08 3.93280429
0.42 0.51 0.07 3.93303645
0.43 0.51 0.06 3.93314554
0.44 0.51 0.05 3.93313173
0.45 0.51 0.04 3.93299520
0.46 0.51 0.03 3.93273614
0.47 0.51 0.02 3.93235474
0.48 0.51 0.01 3.93185121
0.49 0.51 0.00 3.93122577
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The investment capitals achieved by the constant rebalanced portfolio
strategy for a total of 305 trading days, i.e. S30s (CRP) based on the stock price
relatives of Daiboci, KNM and Topglov with the investment fraction of
Daiboci in portfolio and the investment fraction of KNM fixed at 0.51 during
the non-volatile period from 27" October 2005 until 28" December 2006 is

shown in Figure 4.8.

395

[
w
T

Investment Capital

[x
oo
m

38

0 005 01 015 02 025 03 035 04 045 05

Investment Fraction of Daiboci in Portfolio with KNM Fix at 0.51

Figure 4.8: Investment capitals achieved by the CRP strategy with investment
fraction of Daiboci in portfolio and investment fraction of KNM fixed at 0.51

By comparing the results obtained using the CRP from Table 4.3 to
Table 4.8, based on the stock price data of 305 trading days of Daiboci, KNM

and Topglov during the non-volatile period from 27" October 2005 until 28"
December 2006, we find that the optimal investment capital achieved was S,

= 3.93314554 units with the best constant rebalanced portfolio, b* = (0.43,

0.51, 0.06) (as shown highlighted in grey colour) in Table 4.8.
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4.5.2 Constant Rebalanced Strategies for Volatile Period

In this section, we shall again use the 101 constant rebalanced
strategies for investment in the stocks of Daiboci sp(v), KNM sp(v) and
Topglov sp(v) for a total of 305 trading days for the volatile period from 11"

February 2008 until 30™ April 2009.

The initial investment capital is one unit and the resulting capitals after
305 trading days are calculated. In this experiment, we used the same
programming code of MATLAB as for the non-volatile period to compute the
resulting investment capitals for these 305 trading days. The constant
rebalanced portfolio strategies for the investment in the stocks of Daiboci
sp(v), KNM sp(v) and Topglov sp(v) is determined by using the cycle
coordinate ascent algorithm which is known to be convergent. Table 4.9
shows a list of constant rebalanced strategies calculated in the course of

applying the algorithm.

In this experiment, we begin the algorithm by fixing the third
constituent stock Topglov sp(v), that is the b; coordinate in the portfolio
vector b = (b;,b,,b;) to be 0. We find that the best constant rebalanced

strategy is b = (1.00, 0.00, 0.00), yielding investment capital of S3ps (V) =
7.07644368 units. This is listed in Table 4.9 (as shown highlighted in grey

colour) and is shown in Figure 4.9.
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Table 4.9: The investment capitals S3os (v) calculated using the constant
rebalanced portfolios (CRP) for the volatile period from 1" February 2008
until 30™ April 2009 with the investment fraction of KNM sp(v) in portfolio
and the investment fraction of Topglov sp(v) fixed at zero

Investment Fraction Investment Investment Fraction Investment
Daiboci | KNM | Topglov Capital, Daiboci | KNM | Topglov Capital,

sp(v) sp(v) sp(v) S305 (V) (CRP) sp(v) sp(v) sp(v) S305 (V) (CRP)
1.00 0.00 0.00 707644368 0.49 0.51 0.00 117356036
0.99 0.01 0.00 6.84735775 0.48 0.52 0.00 1.13008359
0.98 0.02 0.00 6.62509645 0.47 0.53 0.00 1.08810689
0.97 0.03 0.00 6.40947603 0.46 0.54 0.00 1.04758261
0.96 0.04 0.00 6.20031708 0.45 0.55 0.00 1.00846445
0.95 0.05 0.00 5.99744443 0.44 0.56 0.00 0.97070748
0.94 0.06 0.00 5.80068710 0.43 0.57 0.00 0.93426804
0.93 0.07 0.00 5.60987818 0.42 0.58 0.00 0.89910375
0.92 0.08 0.00 5.42485477 0.41 0.59 0.00 0.86517347
0.91 0.09 0.00 5.24545791 0.40 0.60 0.00 0.83243726
0.90 0.10 0.00 5.07153247 0.39 0.61 0.00 0.80085636
0.89 0.11 0.00 4.90292710 0.38 0.62 0.00 0.77039314
0.88 0.12 0.00 4.73949414 0.37 0.63 0.00 0.74101108
0.87 0.13 0.00 4.58108956 0.36 0.64 0.00 0.71267477
0.86 0.14 0.00 4.42757286 0.35 0.65 0.00 0.68534982
0.85 0.15 0.00 4.27880701 0.34 0.66 0.00 0.65900290
0.84 0.16 0.00 4.13465839 0.33 0.67 0.00 0.63360166
0.83 0.17 0.00 3.99499670 0.32 0.68 0.00 0.60911473
0.82 0.18 0.00 3.85969491 0.31 0.69 0.00 0.58551167
0.81 0.19 0.00 3.72862917 0.30 0.70 0.00 0.56276300
0.80 0.20 0.00 3.60167874 0.29 0.71 0.00 0.54084011
0.79 0.21 0.00 3.47872596 0.28 0.72 0.00 0.51971526
0.78 0.22 0.00 3.35965613 0.27 0.73 0.00 0.49936157
0.77 0.23 0.00 3.24435752 0.26 0.74 0.00 0.47975299
0.76 0.24 0.00 3.13272121 0.25 0.75 0.00 0.46086426
0.75 0.25 0.00 3.02464111 0.24 0.76 0.00 0.44267091
0.74 0.26 0.00 2.92001387 0.23 0.77 0.00 0.42514923
0.73 0.27 0.00 2.81873879 0.22 0.78 0.00 0.40827624
0.72 0.28 0.00 2.72071783 0.21 0.79 0.00 0.39202969
0.71 0.29 0.00 2.62585548 0.20 0.80 0.00 0.37638803
0.70 0.30 0.00 2.53405873 0.19 0.81 0.00 0.36133037
0.69 0.31 0.00 2.44523704 0.18 0.82 0.00 0.34683649
0.68 0.32 0.00 2.35930225 0.17 0.83 0.00 0.33288682
0.67 0.33 0.00 2.27616852 0.16 0.84 0.00 0.31946239
0.66 0.34 0.00 2.19575233 0.15 0.85 0.00 0.30654486
0.65 0.35 0.00 2.11797237 0.14 0.86 0.00 0.29411647
0.64 0.36 0.00 2.04274950 0.13 0.87 0.00 0.28216002
0.63 0.37 0.00 1.97000673 0.12 0.88 0.00 0.27065886
0.62 0.38 0.00 1.89966914 0.11 0.89 0.00 0.25959690
0.61 0.39 0.00 1.83166385 0.10 0.90 0.00 0.24895856
0.60 0.40 0.00 1.76591994 0.09 0.91 0.00 0.23872877
0.59 0.41 0.00 1.70236847 0.08 0.92 0.00 0.22889294
0.58 0.42 0.00 1.64094234 0.07 0.93 0.00 0.21943698
0.57 0.43 0.00 1.58157634 0.06 0.94 0.00 0.21034724
0.56 0.44 0.00 1.52420703 0.05 0.95 0.00 0.20161054
0.55 0.45 0.00 1.46877276 0.04 0.96 0.00 0.19321413
0.54 0.46 0.00 1.41521356 0.03 0.97 0.00 0.18514567
0.53 0.47 0.00 1.36347116 0.02 0.98 0.00 0.17739324
0.52 0.48 0.00 1.31348892 0.01 0.99 0.00 0.16994534
0.51 0.49 0.00 1.26521178 0.00 1.00 0.00 0.16279082
0.50 0.50 0.00 1. 21858625
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The investment capitals achieved by the constant rebalanced portfolio
strategy for a total of 305 trading days, i.e. S30s5 (v) (CRP) based on the stock
price relatives of Daiboci sp(v), KNM sp(v) and Topglov sp(v) with the
investment fraction of KNM sp(v) in portfolio and the investment fraction of
Topglov sp(v) fixed at zero during the volatile period from 11™ February 2008

until 30™ April 2009 is shown in Figure 4.9.
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Topglov sp(v) Fix at zero

Figure 4.9: Investment capitals achieved by the CRP strategy with investment

fraction of KNM sp(v) in portfolio and investment fraction of Topglov sp(v)
fixed at zero

Now we fix the proportion of Daiboci sp(v) in the first coordinate at
0.00 and search for the portfolio & = (0.00,b,,1—-5b,) that maximizes the
capital where b, increasing in units of 0.01 from 0.00 to 1.00. This is found

when b = (0.00, 0.00, 1.00) and the maximum capital of S3ps (v) = 0.81403273
units as listed in Table 4.10 (as shown highlighted in grey colour) and showed

in Figure 4.10.
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Table 4.10: The investment capitals S3ps (v) calculated using the constant
rebalanced portfolios (CRP) for the volatile period from 1"® February 2008
until 30™ April 2009 with the investment fraction of KNM sp(v) in portfolio
and the investment fraction of Daiboci sp(v) fixed at zero

Investment Fraction Investment Investment Fraction Investment
Daiboci | KNM | Topglov Capital, Daiboci | KNM | Topglov Capital,

sp(v) sp(v) sp(v) S305 (v) (CRP) sp(v) sp(v) sp(v) S305 (v) (CRP)
0.00 0.00 1.00 0.81403273 0.00 0.51 0.49 0.38978100
0.00 0.01 0.99 0.80366002 0.00 0.52 0.48 0.38353451
0.00 0.02 0.98 0.79336917 0.00 0.53 0.47 0.37736262
0.00 0.03 0.97 0.78316039 0.00 0.54 0.46 0.37126491
0.00 0.04 0.96 0.77303386 0.00 0.55 0.45 0.36524097
0.00 0.05 0.95 0.76298972 0.00 0.56 0.44 0.35929038
0.00 0.06 0.94 0.75302815 0.00 0.57 0.43 0.35341271
0.00 0.07 0.93 0.74314925 0.00 0.58 0.42 0.34760752
0.00 0.08 0.92 0.73335316 0.00 0.59 0.41 0.34187437
0.00 0.09 0.91 0.72363997 0.00 0.60 0.40 0.33621280
0.00 0.10 0.90 0.71400976 0.00 0.61 0.39 0.33062238
0.00 0.11 0.89 0.70446260 0.00 0.62 0.38 0.32510264
0.00 0.12 0.88 0.69499855 0.00 0.63 0.37 0.31965311
0.00 0.13 0.87 0.68561765 0.00 0.64 0.36 0.31427333
0.00 0.14 0.86 0.67631992 0.00 0.65 0.35 0.30896282
0.00 0.15 0.85 0.66710537 0.00 0.66 0.34 0.30372110
0.00 0.16 0.84 0.65797399 0.00 0.67 0.33 0.29854770
0.00 0.17 0.83 0.64892577 0.00 0.68 0.32 0.29344211
0.00 0.18 0.82 0.63996067 0.00 0.69 0.31 0.28840386
0.00 0.19 0.81 0.63107864 0.00 0.70 0.30 0.28343244
0.00 0.20 0.80 0.62227963 0.00 0.71 0.29 0.27852735
0.00 0.21 0.79 0.61356356 0.00 0.72 0.28 0.27368809
0.00 0.22 0.78 0.60493034 0.00 0.73 0.27 0.26891416
0.00 0.23 0.77 0.59637988 0.00 0.74 0.26 0.26420505
0.00 0.24 0.76 0.58791205 0.00 0.75 0.25 0.25956023
0.00 0.25 0.75 0.57952673 0.00 0.76 0.24 0.25497920
0.00 0.26 0.74 0.57122379 0.00 0.77 0.23 0.25046143
0.00 0.27 0.73 0.56300307 0.00 0.78 0.22 0.24600641
0.00 0.28 0.72 0.55486440 0.00 0.79 0.21 0.24161360
0.00 0.29 0.71 0.54680762 0.00 0.80 0.20 0.23728249
0.00 0.30 0.70 0.53883253 0.00 0.81 0.19 0.23301255
0.00 0.31 0.69 0.53093894 0.00 0.82 0.18 0.22880323
0.00 0.32 0.68 0.52312664 0.00 0.83 0.17 0.22465402
0.00 0.33 0.67 0.51539540 0.00 0.84 0.16 0.22056437
0.00 0.34 0.66 0.50774499 0.00 0.85 0.15 0.21653376
0.00 0.35 0.65 0.50017517 0.00 0.86 0.14 0.21256164
0.00 0.36 0.64 0.49268568 0.00 0.87 0.13 0.20864747
0.00 0.37 0.63 0.48527627 0.00 0.88 0.12 0.20479072
0.00 0.38 0.62 0.47794665 0.00 0.89 0.11 0.20099084
0.00 0.39 0.61 0.47069654 0.00 0.90 0.10 0.19724730
0.00 0.40 0.60 0.46352566 0.00 0.91 0.09 0.19355955
0.00 0.41 0.59 0.45643368 0.00 0.92 0.08 0.18992705
0.00 0.42 0.58 0.44942031 0.00 0.93 0.07 0.18634926
0.00 0.43 0.57 0.44248522 0.00 0.94 0.06 0.18282562
0.00 0.44 0.56 0.43562807 0.00 0.95 0.05 0.17935561
0.00 0.45 0.55 0.42884854 0.00 0.96 0.04 0.17593867
0.00 0.46 0.54 0.42214626 0.00 0.97 0.03 0.17257427
0.00 0.47 0.53 0.41552089 0.00 0.98 0.02 0.16926186
0.00 0.48 0.52 0.40897205 0.00 0.99 0.01 0.16600089
0.00 0.49 0.51 0.40249938 0.00 1.00 0.00 0.16279082
0.00 0.50 0.50 039610249

The investment capitals achieved by the constant rebalanced portfolio

strategy for a total of 305 trading days, i.e. S30s5 (v) (CRP) based on the stock
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price relatives of Daiboci sp(v), KNM sp(v) and Topglov sp(v) with the
investment fraction of KNM sp(v) in portfolio and the fraction of Daiboci
sp(v) fixed at zero during the volatile period from 11" February 2008 until

30" April 2009 is shown in Figure 4.10.
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Figure 4.10: Investment capitals achieved by the CRP strategy with
investment fraction of KNM sp(v) in portfolio and investment fraction of
Daiboci sp(v) fixed at zero

Lastly, we fix the proportion of KNM sp(v) in the second coordinate

at 0.00 and search for the portfolio b = (1-5;,0.00,b;) that maximizes the

capital where b; increasing in units of 0.01 from 0.00 to 1.00. This is found

when b = (1.00, 0.00, 0.00) and S3p5 = 0.586682081 units as listed in Table
4.11 (as shown highlighted in grey colour) and showed in Figure 4.11. By
comparing Table 4.9, Table 4.10 and Table 4.11, this shows that the first
stock, Daiboci sp(v) with b = (1.00, 0.00, 0.00) and S35 (v) = 7.07644368
units outperformed during the volatile period from 11™ February 2008 until
30™ April 2009 indicating that the investor will have his capital multiplied by

a factor of 7.07644368.
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Table 4.11: The investment capitals S3ps (v) calculated using the constant
rebalanced portfolios (CRP) for the volatile period from 1"® February 2008
until 30" April 2009 with the investment fraction of Topglov sp(v) in portfolio
and the investment fraction of KNM sp(v) fixed at zero

Investment Fraction Investment Investment Fraction Investment
Daiboci | KNM | Topglov Capital, Daiboci | KNM | Topglov Capital,

sp(v) sp(v) sp(v) S305 (V) (CRP) sp(v) sp(v) sp(v) S305 (V) (CRP)
1.00 0.00 0.00 7.07644368 0.49 0.00 0.51 2. 48976265
0.99 0.00 0.01 6.94030892 0.48 0.00 0.52 2.43647735
0.98 0.00 0.02 6.80651740 0.47 0.00 0.53 2.38422122
0.97 0.00 0.03 6.67503402 0.46 0.00 0.54 2.33297665
0.96 0.00 0.04 6.54582412 0.45 0.00 0.55 2.28272632
0.95 0.00 0.05 6.41885347 0.44 0.00 0.56 2.23345314
0.94 0.00 0.06 6.29408824 0.43 0.00 0.57 2.18514029
0.93 0.00 0.07 6.17149507 0.42 0.00 0.58 2.13777116
0.92 0.00 0.08 6.05104096 0.41 0.00 0.59 2.09132944
0.91 0.00 0.09 5.93269338 0.40 0.00 0.60 2.04579902
0.90 0.00 0.10 5.81642017 0.39 0.00 0.61 2.00116405
0.89 0.00 0.11 5.70218958 0.38 0.00 0.62 1.95740890
0.88 0.00 0.12 5.58997030 0.37 0.00 0.63 1.91451820
0.87 0.00 0.13 5.47973136 0.36 0.00 0.64 1.87247679
0.86 0.00 0.14 5.37144225 0.35 0.00 0.65 1.83126975
0.85 0.00 0.15 5.26507279 0.34 0.00 0.66 1.79088237
0.84 0.00 0.16 5.16059323 0.33 0.00 0.67 1.75130017
0.83 0.00 0.17 5.05797420 0.32 0.00 0.68 1.71250891
0.82 0.00 0.18 4.95718668 0.31 0.00 0.69 1.67449453
0.81 0.00 0.19 4.85820207 0.30 0.00 0.70 1.63724322
0.80 0.00 0.20 4.76099211 0.29 0.00 0.71 1.60074136
0.79 0.00 0.21 4.66552893 0.28 0.00 0.72 1.56497554
0.78 0.00 0.22 4.57178501 0.27 0.00 0.73 1.52993258
0.77 0.00 0.23 4.47973320 0.26 0.00 0.74 1.49559947
0.76 0.00 0.24 4.38934672 0.25 0.00 0.75 1.46196344
0.75 0.00 0.25 4.30059913 0.24 0.00 0.76 1.42901187
0.74 0.00 0.26 4.21346435 0.23 0.00 0.77 1.39673239
0.73 0.00 0.27 4.12791665 0.22 0.00 0.78 1.36511278
0.72 0.00 0.28 4.04393062 0.21 0.00 0.79 1.33414104
0.71 0.00 0.29 3.96148124 0.20 0.00 0.80 1.30380535
0.70 0.00 0.30 3.88054378 0.19 0.00 0.81 1.27409408
0.69 0.00 0.31 3.80109388 0.18 0.00 0.82 1.24499577
0.68 0.00 0.32 3.72310749 0.17 0.00 0.83 1.21649916
0.67 0.00 0.33 3.64656088 0.16 0.00 0.84 1.18859316
0.66 0.00 0.34 3.57143068 0.15 0.00 0.85 1.16126685
0.65 0.00 0.35 3.49769381 0.14 0.00 0.86 1.13450951
0.64 0.00 0.36 3.42532751 0.13 0.00 0.87 1.10831058
0.63 0.00 0.37 3.35430935 0.12 0.00 0.88 1.08265964
0.62 0.00 0.38 3.28461720 0.11 0.00 0.89 1.05754649
0.61 0.00 0.39 3.21622923 0.10 0.00 0.90 1.03296107
0.60 0.00 0.40 3.14912393 0.09 0.00 0.91 1.00889347
0.59 0.00 0.41 3.08328009 0.08 0.00 0.92 0.98533396
0.58 0.00 0.42 3.01867677 0.07 0.00 0.93 0.96227297
0.57 0.00 0.43 2.95529337 0.06 0.00 0.94 0.93970109
0.56 0.00 0.44 2.89310955 0.05 0.00 0.95 0.91760904
0.55 0.00 0.45 2.83210525 0.04 0.00 0.96 0.89598771
0.54 0.00 0.46 2.77226073 0.03 0.00 0.97 0.87482816
0.53 0.00 0.47 2.71355650 0.02 0.00 0.98 0.85412156
0.52 0.00 0.48 2.65597337 0.01 0.00 0.99 0.83385926
0.51 0.00 0.49 2.59949241 0.00 0.00 1.00 0.81403273
0.50 0.00 0.50 2.54409496
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The investment capitals achieved by the constant rebalanced portfolio
strategy for a total of 305 trading days, i.e. S30s (CRP) based on the stock price
relatives of Daiboci sp(v), KNM sp(v) and Topglov sp(v) with the investment
fraction of Topglov sp(v) in portfolio and the fraction of KNM sp(v) fixed at
zero during the volatile period from 11™ February 2008 until 30™ April 2009 is

shown in Figure 4.11.
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Figure 4.11: Investment capitals achieved by the CRP strategy with
investment fraction of Topglov sp(v) in portfolio and investment fraction of
KNM sp(v) fixed at zero

4.6 The Ratios of the Optimal Capital to the Universal Capitals

The investment capitals obtained after 305 trading days with 15
universal portfolio strategies generated by the Dirichlet (&, ,,a;)

distribution based on the stock price data of Daiboci, KNM and Topglov from

27™ October 2005 until 28" December 2006 were displayed in Table 4.1. The

optimal investment capital achieved was S, = 3.93314554 units with the best
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constant rebalanced portfolio, b* = (0.43, 0.51, 0.06) (as shown highlighted in

grey colour) in Table 4.8. The ratios of the optimal investment capital to the

S 305

N 305

universal capitals achieved, i.e. are listed in Table 4.12.

S;OS
S305
based on the stock price relatives of Daiboci, KNM and Topglov from 27"
October 2005 until 28" December 2006

Table 4.12: The ratios of the optimal capital to the universal capitals,

Cover and Ordentlich . "
Universal Portfolio generated by Investmer‘lt Capital a fter SA3°5
Dirichlet (a:l, a,, a3) distribution 305 trading days, § 305 S 305
(0.1,0.3,0.4) 3.80932385 1.03250490
(0.2,0.9,0.3) 3.82653302 1.02786139
(0.3,04,0.1) 3.83286977 1.02616206
(0.3,0.7,0.9) 3.84051942 1.02411812
0.4,04,0.3) 3.84652601 1.02251890
(0.5,0.5,0.5) 3.85727059 1.01967063
(0.6, 0.6, 0.5) 3.86426389 1.01782530
(0.7,0.7,0.7) 3.87051335 1.01618188
(0.7,0.8, 0.8) 3.87123589 1.01599222
(0.8, 0.6, 0.3) 3.86684992 1.01714461
0.9, 1.0,0.8) 3.88042998 1.01358498
(1.0, 1.0, 1.0) 3.88297775 1.01291993
(2.0, 1.0, 2.0) 3.89555250 1.00965025
(2.0, 2.0,2.0) 3.90148494 1.00811501
(2.0,2.0,1.0) 3.90396078 1.00747568

In Table 4.12, it is found that for the 305 non-volatile trading-day
period, the best Cover-Ordentlich universal portfolio is b= (2.0, 2.0, 1.0),

yielding a resulting optimal universal investment capital of §305 =3.90396078

units. In Table 4.8, it is found that for the 305 trading-day period, the best

rebalanced portfolio is b* = (0.43, 0.51, 0.06), yielding a resulting optimal
investment capital, S,,5 = 3.93314554 units. Thus, the ratio of the optimal
investment capital, S,5 = 3.93314554 units to the best Cover-Ordentlich
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universal investment capital, $ 305 = 3.90396078 units is:

#
S 305

S305

= 1.00747568.

It was proved in Cover and Ordentlich (1996) that:

%

as n —> oo, limsupiln%:o.

We can show this by taking a sequence of n trading days starting
from n = 210 increasing by 5 trading days to n = 305 based on the Daiboci,

KNM and Topglov stock data during the non-volatile period of study. The

optimal investment capitals, S,

, and corresponding universal investment

capitals, §n achieved by using the Cover and Ordentlich universal portfolios

namely the Dirichlet (0.3, 0.7, 0.9), Dirichlet (0.9, 1.0, 0.8), and Dirichlet (2.0,

2.0, 1.0) distributions are used to compute the corresponding values of

1,8,
—ln - .
n g

n

For example, in Table 4.13 by using the Dirichlet (2.0, 2.0, 1.0) distribution:

When n = 210, the corresponding value of zi—oln% is 0.00002133.
210

When n = 215, the corresponding value of %ln 2215 is 0.00003192.
215

When n = 220, the corresponding value of ﬁln% 1s 0.00006771.
220

and so on until the last trading day i.e. when n = 305.

93



Y6

*

Table 4.13: The values of S, 5‘n and %ln% for trading days from n = 210 increasing in 5 days to n = 305 based on the

n

Daiboci, KNM and Topglov stock data during the non-volatile period

* S 1, S, S 1 S: & 1, S,

n S, S, (0.3,0.7,0.9) EIHA—H S, (0.9, 1.0,0.8) ZIHA— S, (2.0,2.0, 1.0) ;lnA—
210 2.37887125 2.49420352 -0.00022544 2.39752616 -0.00003720 2.36824132 0.00002133
215 2.41966359 2.53253693 -0.00021206 2.43219647 -0.00002403 2.40311418 0.00003192
220 2.50201281 2.58525571 -0.00014877 2.48808174 0.00002538 2.46502080 0.00006771
225 2.54629984 2.62034004 -0.00012739 2.52196334 0.00004268 2.50054718 0.00008059
230 2.61623637 2.62498037 -0.00001451 2.56725942 0.00008216 2.56205423 0.00009099
235 2.57641681 2.58812161 -0.00001929 2.53373072 0.00007109 2.52827028 0.00008027
240 2.73927869 2.66465081 0.00011509 2.65550247 0.00012942 2.67072474 0.00010560
245 2.73859447 2.65789076 0.00012209 2.65132198 0.00013219 2.66794577 0.00010668
250 2.94334341 2.83280361 0.00015312 2.83420463 0.00015114 2.85738309 0.00011856
255 2.94822835 2.88679596 0.00008258 2.87383518 0.00010022 2.88635804 0.00008317
260 2.94740956 2.92091311 0.00003473 2.88739143 0.00007913 2.89141345 0.00007377
265 2.94876986 3.00614460 -0.00007272 2.93743878 0.00001453 2.92222310 0.00003413
270 3.06152740 3.13899477 -0.00009255 3.08280320 -0.00002565 3.06452543 -0.00000363
275 3.34160463 3.31402584 0.00003014 3.30560326 0.00003939 3.31203436 0.00003232
280 3.90365477 3.62683445 0.00026269 3.72666722 0.00016571 3.79143594 0.00010417
285 3.94102953 3.73893317 0.00018471 3.81251450 0.00011633 3.86050797 0.00007243
290 4.21466897 3.94534731 0.00022770 4.06625121 0.00012362 4.13128659 0.00006890
295 4.00977150 3.85624859 0.00013234 3.90491271 0.00008983 3.94143839 0.00005827
300 3.89993130 3.80219459 0.00008460 3.83228344 0.00005833 3.85621661 0.00003757
305 3.93314554 3.84051942 0.00007814 3.88042998 0.00004424 3.90396078 0.00002442




In Table 4.13, for trading days from n = 210 increasing in 5 days to
n = 305 based on the Daiboci, KNM and Topglov stock data during the non-

volatile period from 27" October 2005 until 28" December 2006, we find that

*

all the values of %ln% are approaching 0, thus not only for two-stock data

discussed in Section 3.6 during the non-volatile period and in Section 3.7
during the volatile period but also for three-stock study in this section, we can

deduce that:

*

as n —> oo, limsupiln%:O.

4.7  Helmbold-Schapire-Singer-Warmuth Universal Portfolio

In this study, the investment capitals were computed by using the
Helmbold-Schapire-Singer-Warmuth, (abbreviated as HSSW or Helmbold
portfolio) universal portfolio algorithm with various starting portfolios.
Helmbold et al. (1998) presented an on-line investment algorithm that yielded
almost the same wealth as the best constant rebalanced portfolio achieved in
hindsight from the actual market results. Their algorithm required the constant
storage and computing time per stock in each trading day. A MATLAB m-file
is written based on the modified algorithm discussed in Section 2.2. In terms
of memory requirements for the MATLAB m-file, the HSSW universal
portfolio algorithm has advantage over the Cover-Ordentlich universal

portfolio algorithm as the memory required is very much less.
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In this section, for the three-stock portfolio of Daiboci, KNM and
Topglov, we consider n = 305 trading days and the maximum possible value
of r for the corresponding price-relative set is given as follows:

min x,;
O<r<—22
max x,,

in

where (1) minimum price relative, minx,, = 0.87 and

in

(1)  maximum price relative, max x,; = 1.33.

in

Thus, r = 087 = 0.65413534
1.33

The EG(7)-update-based portfolio is generated by the learning

parameter 7 as follows:

_ 2Inm
n==2r .
where (i) the number of stocks in the investment portfolio, m = 3,

(i1) the number of trading days in a fixed period of study, n = 305,

(iii)  ris chosen such that r = % =~ 0.65413534

Thus, 17 = 2r1f21ﬂ
n
—or 203 011104140
\ 305

We assume an initial capital or wealth of 1 unit, the wealth §, achieved

by a constant rebalanced portfolio b is given as:

n

S, = H(bit “X;)

i=1
We note that the period from 27™ October 2005 until 28" December
2006 for the Daiboci, KNM and Topglov stock data is the non-volatile period.
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The resulting investment capitals by using the HSSW universal portfolio are
listed in Table 4.14 as S3ps (HSSW). The resulting investment capitals by
using the constant rebalanced portfolio (CRP) strategies are extracted from

Table 4.5, Table 4.6 and listed in Table 4.14 as S3ps (CRP) for comparison.

Table 4.14: The investment capitals after 305 trading days by using the HSSW
universal portfolio and the CRP strategies with various initial investment
portfolios based on Daiboci, KNM and Topglov stock data during the non-

volatile period from 27™ October 2005 until 28™ December 2006

Investment Fraction Investment Capital, Investment Capital,
Daiboci | KNM | Topglov S305 (CRP) S305 (HSSW)
100 | 000 0.00 374162265 3.74162265
0.95 0.00 0.05 3.76979365 3.76523840
0.90 0.00 0.10 3.79538160 3.78660574
0.85 0.00 0.15 3.81831867 3.80569415
0.80 0.00 0.20 3.83854151 3.82247497
0.75 0.00 0.25 3.85599143 3.83692144
0.70 0.00 0.30 3.87061467 3.84900875
0.65 0.00 0.35 3.88236257 3.85871406
0.60 0.00 0.40 3.89119178 3.86601657
0.55 0.00 0.45 3.89706442 3.87089755
0.50 0.00 0.50 3.89994828 3.87334037
0.48 0.00 0.52 3.90025885 3.87363150
0.43 0.05 0.52 3.90738220 3.88169609
0.38 0.10 0.52 3.91086054 3.88655072
0.33 0.15 0.52 3.91066265 3.88816979
0.28 0.20 0.52 3.90676630 3.88653124
0.23 0.25 0.52 3.89915841 3.88161665
0.18 0.30 0.52 3.88783520 3.87341123
0.13 0.35 0.52 3.87280225 3.86190390
0.08 0.40 0.52 3.85407458 3.84708728
0.03 0.45 0.52 3.83167666 3.82895782
0.00 0.48 0.52 3.81648991 3.81648991

From Table 4.14, we find that the investment capitals achieved by
using the HSSW universal portfolios do not differ much from that of the CRP
strategies during the non-volatile period from 27™ October 2005 until 28"

December 2006. This is shown in Figure 4.12 for comparison.
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—— S(CRP)
—— S(HSSW) ||

Investment Capital

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Imitial Investment Fraction of Topglov in Portfolio

Figure 4.12: Investment capitals with initial investment fraction of Topglov in
portfolio using the HSSW universal portfolio and the CRP strategy during the
non-volatile period

4.8 Conclusion

% We have shown the importance and significance of the Dirichlet
(a, 0, a;) strategies for both volatile and non-volatile periods of

study in complementing the role of the Dirichlet (1, 1, 1) and Dirichlet

(0.5, 0.5, 0.5) strategies introduced by Cover and Ordentlich (1996).

< By finding the ratios of the optimal investment capitals, S, and

n
corresponding universal investment capitals, S, during the non-

volatile period, we found that for the three-stock portfolio in

investment based on empirical evidence:

1
as n—oo, limsup—In—-*=0.

n—oo n
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X/
A X4

We found that the investment capitals achieved for the three-stock
portfolio by using the HSSW universal portfolios do not differ much
from that of the constant rebalanced portfolio strategies during the non-

volatile period of study.

The class of HSSW universal portfolios does not outperform the

general parametric class of the Dirichlet-weighted universal portfolios

studied by Cover and Ordentlich (1996) and Tan (2002b).

99



CHAPTER 5

THE DOMINATING STOCK WITH EQUAL SUBORDINATES
(DOSES) MARKET AND THE ASYMPTOTIC BEHAVIOUR OF
THE RATIO OF THE UNIVERSAL TO THE BEST CAPITALS

5.1 Introduction and Objective of the Study

A measure of the performance of the Dirichlet (@) universal portfolio

A

n
*

is the asymptotic behaviour of the ratio of capitals for large n, where

n

§n(q) is the universal capital achieved by the Dirichlet (@) universal

portfolio and S is best achievable capital by a constant rebalanced portfolio.

*

S 1
Cover (1991) obtained the behaviour of ;( ) for large n when a =1 = (1,

n

I,...,1) is the uniform universal portfolio subject to certain regularity

A

S, (@)

n
*

conditions. Tan (2002a) conjectured the asymptotic behaviour of for

the general a >0 (see Equation 5.25 in this chapter) based on the m-
dimensional Laplace approximation of a certain integral, but no proof of its
validity is available. A mathematical model of the stock market where the
determinant of the sensitivity matrix J, can be calculated is needed to study
this behaviour. Thus, the Kelly market with compensation introduced by Tan

and Chan (2002) is used as the mathematical model. In this thesis, we use the
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name DOSES market for the Kelly market with compensation, with emphasis

on investment rather than gambling.

In the DOSES model of the stock prices, it is possible to obtain explicit
forms of the best capital S, and the determinant of the sensitivity matrix J, .

In this chapter, we model a real 3-stock market as an approximate DOSES

market. We discretize the price-relatives to become 3 price-relative vectors

(a,,c,,c,), (cy,a,,c,) and (c,,c;,a,). Suppose these vectors occur with
frequencies n,, n,, and n, respectively in n trading days, where
n,+n,+n, =n. If the DOSES market is ergodic, we expect the relative

n, n n
frequencies —, — and — to converge to fixed probabilities p,, p, and
n o n n

p, respectively. We first check the approximation of the real market by a

DOSES market. The empirical results in this chapter show that the

approximated DOSES markets are reasonably ergodic where there exist

probabilities p, such that

n.
—l—pi‘ are small for large n. This first
n

approximation by a DOSES market entails a problem in the sequence of
maximizing vectors {b,} for the optimal investment capitals, S, where b, lie
on the boundary of the simplex of portfolio vectors, i.e. there is a zero

component in b, . This does not satisfy the regularity condition for a positive,

A

S, (a)

n
&

convergent sequence of {b,} to verify the asymptotic behaviour of . To

n

avoid this problem, we scale the price relatives a, and ¢, for i =1, 2,3 by
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some appropriate constants, which will be shown in the example in Section
5.2.1, to obtain new price relatives a, and ¢, for i =1, 2, 3 for a second
DOSES market consisting of the price relatives (4,,¢,.c,), (¢,,d,,¢,) and

(¢;,C5,a,). The ergodic structure of the first DOSES market is preserved in

the second DOSES market, i.e. the relative frequencies — are the same and
n

converge to p, for i=1, 2, 3. For example, the frequencies of (a,,c,,c,) and
- o~ o~ ) n

(d,,¢,,¢,) are the same and the relative frequency — converges to p, . For the
n

second DOSES market, there is a positive, maximizing sequence {I;n*} of § N

~

where b~ converges to an interior point in the simplex of portfolio vectors.

Once this regularity condition for {I;n*} is satisfied, we can proceed to

*

a
investigate the asymptotic behaviour of "§ ) given by (5.25).

In this chapter, we have a total of 4 stock data sets, where 1 data set
consist of 330 trading days and 3 data sets consist of 500 trading days. First,
the price relatives of each stock data set are converted to a DOSES market by
a discretization procedure. After that the price relatives of the first DOSES
market are scaled by appropriate constants to become a second DOSES market
where the ergodic structure of the first market is preserved. For simplicity, we

call the price relatives of the second DOSES market the transformed price

relatives of the original price relatives.
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5.2 Dominating Stock with Equal Subordinates (DOSES)

We begin by transforming the price relatives for each trading day of
stock price data from the Kuala Lumpur Stock Exchange (KLSE) to a new set
of data which is named as DOSES Market. In any trading day, exactly one
dominating stock pays off and the rest of the stocks pay a uniform amount of
money known as compensation. This stock that pays off is called the
“dominating” stock that is the one with the highest price relative. We elaborate

the DOSES market in the following example:

Let the DOSES 4-stock market be described by the following 4 —
price-relative vectors x,, x,, x; and x,:

x, =(a;, ¢, ¢, ¢;) , where the first stock relative, a; is dominating;

x, =(cy,ay,¢5,C,y) , Where the second stock relative, a, is dominating;

x, = (c3, ¢3, a3, ¢3) , where the third stock relative, a3 is dominating;

x, =(cy, ¢4, C4,a4) , where the last stock relative, a4 is dominating,
where a, >c¢;, fori=1,2,3,4.

In general, the price relatives of m stocks can be described by m —

price-relative vectors x,x,,x5,..., x,, as follows:
x; =(c, ....,ca,ci, ..., c;)) fori=1,2, ..., m, where a;, >c,.

In investment terminology, there is only one performance-dominating
stock, let this be stock i at the end of a particular investment period with a
return of a; on that stock and a uniform return of ¢; on all other stocks j for all

j#i.This was called the Kelly market with compensation or KMC by Tan
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(2002a). In the investment situation, it is more appropriate to call a KMC a
DOSES market. The two names are synonymous. Thus, the KMC can be
described by a mxm matrix of price relatives where the i ™ row or vector, X;
is of the form: x; =(c;, ..., ¢, ai, Cis ..., Ci),

where all the components of x; are the same as ¢; except a;, which is the ith
component of the row fori=1, 2, ..., mand 0 < ¢; < a;. Typically q; is near 1.
This price relative vector is an m-dimensional vector consisting of the price
relatives of m stocks. Each row of the matrix corresponds to the stock returns

of some trading day which in turn corresponds to a game in the gaming

situation.

For the price-relative vector, x,, the ith stock is known as the “hot”

stock and the rest of the stocks j, where j # i, are non-hot stocks. If the price-
relative vector x; = (¢, ..., ¢, 4;, Ci, ..., ¢;) appears on the nth trading day, the
new value of the capital of the investor on stock i (which is the hot stock) is a;
times the previous value, where else the capital placed on stocks j, where j # i,

has a reduced value c; times the previous value. This m-stock DOSES market

is described by the m X m matrix of price-relative vectors as follows:

a ¢ G ¢
C, a4, G ¢,
C; €3 Ay G (5.1

In the gaming situation, each unit of bet not on the jth outcome is

uniformly compensated by a return ¢; where 0 < ¢; < 1. The value of the
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uniform compensation ¢; satisfies 0 <¢; <1 fori=1,2, ..., mand ¢; =0 for all
i correspond to the usual Kelly market. It is required that O < ¢; < @; for all i =
1,2, ...,m and it is not necessary that ¢; < 1 for any i in the gaming situation.

In investment we do not require ¢; < 1.

We will assume that the investor has an initial capital of 1 unit in order
to standardize the units of calculation. For any capital exceeds 1 unit
indicating that a profit has been made. We describe the other interpretation of
the DOSES market that is useful to approximating the real stock market. Each
day, there is a dominating stock in price and we shall convert other non-
dominating stock prices to a uniform one by some discretization process like

averaging. The aim is to study the asymptotic behaviour of the ratio of wealth
—2 for the large number of trading days n. As a theoretical model, certain

properties of the DOSES market are known, for example, the sensitivity
matrix and its determinant which are derived in Tan and Chan (2002). We

transform the real stock market into a DOSES market and run the Cover-

S,

Ordentlich algorithm on the DOSES market to study the behaviour of S

5.2.1 Discretize the Stock Prices to Approximate the Real Market as a
DOSES Market

The price relatives of the real stock market for each trading day are

discretized to obtain the price relatives of the DOSES market by averaging.
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Each day, there is a stock with a dominating price, we shall convert other non-
dominating stock prices to a uniform one by some discretization process like
averaging as shown in the following example:

Example:

Assume there are n = 3 trading days and we have three price-relative vectors

x,,x, and x,. Approximate the three price-relative vectors x,, x, and x, in a
4-stock market to become a DOSES price-relative vector where the first stock
price is dominating.
Suppose x,=(1.2,0.9, 1.03, 1.05),

x,=(1.3,0.9, 1.02, 0.89) and

x;=(1.4,0.9, 1.04, 1.01).
To obtain the vector (a,, c,,c,,c,;) we do the following.
Note that the first stock of each of the three price-relative vectors, x,, x, and
x, is dominating. By averaging each of the dominating first stock price of
X,,X,,x,, and denoting the result as a, where,

1.2+13+1.4
a=——=13
3
By averaging the remaining non-dominating stock prices of x,, x,, x;, and

denoting the result as ¢, where,

o= 09+1.03+1.05+0.9+1.02+0.89+0.9+1.04+1.01
=
9

=0.97

The price-relative vector x,, becomes:

(a,,c,,c,,c;) =(1.3,0.97,0.97, 0.97)
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Similarly, we can approximate the values of the price-relative vectors:

x,=(c,,a,,c,,c,) and x; = (c5,¢5,05,C5).

In general, in a DOSES market the following price-relatives:
(a,,c;,wc,) appears n, times, (c,,a,,c,,...,C,) appears n, times, ...,
(c,,.-C,,a,) appears n, times 1in n trading days, where
n+n,+..+n,=n,a>0 and ¢, >0 for i=1,2,3,...,m.

Assume the initial investment capital is one unit and the resulting capital after
each trading day is in the corresponding number of units. This model of
DOSES market with the above price-relatives vectors is used for our study in

this chapter.

5.2.2 Method for Calculating the Optimal Capital of DOSES Market

From Section 2.1, for a given sequence of stock-price-relative vectors
in n trading days, x" =(x,X,....,X,) , the investment capital at the end of the
nth trading day achieved by a constant rebalanced portfolio b = (b,b,,...,b,,) is

given as follows:

5, (x",b)=Tb'x; (5.2)

i=1
The doubling rate of capital achieved by a constant rebalanced portfolio is

given by:

Wn(x",b)ziln Sn(x",b) (5.3)
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The optimal doubling rate of capital achieved by the best constant rebalanced
portfolio is given by:

W:(x”,b;): max %ln Sn(x”,b)

=Ly gr(xn,57) (5.4)

n
where S (x",bn* ): max Sn(x",b) and b, maximizes Sn(x",b) over all portfolio

vectors b, i.e. b, maximizes Wn(x”,b) over all portfolio vectors b .

Now we shall consider the DOSES market with the price-relative listed

as follows:
(a,,c;,wc,) appears n, times, (c,,a,,c,,...,C,) appears n, times, ...,
(c,,.-c,,a,) appears n, times, in n trading days, where

n+n,+..+n,=n, >0 and ¢, >0 for i=1,2,3,...,m.

Assume the initial investment capital is one unit and the resulting capital after
each trading day is in the corresponding number of units. The investment
capital achieved at the end of the nth trading day by a constant rebalanced

portfolio b = (b;,b, ,...,b,,) 1s given from (2.2) as:
Sn(x",b): [15'x
i=1

=lap + A =b)c,]" [ap, + A=b))e, I . Ja, b, +(1A=b,)c, '™

= [(a1 —¢,)b, +¢, ]"‘ [(a2 —¢,)b, +c, ]”2 ...[(am —c, )b, +c, ]”

=Yl —cb, +c. 1" (5.5)
i=1
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Consider a three-stock DOSES market where m = 3, the investment capital
achieved at the end of the nth trading day by a constant rebalanced portfolio

b =(b,b,,1]—b—b,) where b+b, +by; =1, is given from (5.5) as:

Sn(x”,b) =[(a, —c)b, +¢,]" [(ay —c)b, +¢, " [(ay —c,)by +¢,]°  (5.6)

It is noted that S, is maximum over the set of portfolio vectors b if and only if

1

Wn(x",b)z zln S, (x”,b) is maximum.

Thus by substituting (5.6),

Wn(x”,b): %ln Sn(x",b)
1 n n n
:;m{[(al — )b, +c1] ] [(al —c)b, +C1] ’ [(a1 — )b, +C1] 3}

1
= ;{nl ln[(al —c)b, + C1]+ n,In [(az —c,)b, + Cz]+ n, In [(a3 —¢3)b;s + ¢, ]}

:%ln[(al —c,)b, +C1]+n—nzln [(az —¢,)b, +C2]+n_;1n [(a3 —¢3)b, +C3]

By partial differentiation:

W, :l_ n(a, —c) + ns(c; —a,) :| 5.7)
ob, n|(a,—c)b +c, b(c;—a,)+b,(c;—ay)+a, '
oW, _1_ma=c) ny(ey —ay) } 58
ob, n|(a,—c,)b,+c, b(c;—a;)+b,(c;—ay)+a,
R - ow, oW,

If b, maximizes W,, then b - 0 and 8_b2 =0.

From (5.7):
aWn:O - n(a, —c,) " ns(c; —ay) —0
oby (a,—c,)b +c, b(c;—ay)+b,(c;—a;)+a, (5.9)
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n,y(cy —613)[(01l —c,)b, +c1]+n1(a1 —cl)[bl(c3 —a;)+b,(c, —a3)+a3]=0

b,(n, +ny)(a, —c,)c; —ay)+b,n(a, —c )c; —as)+cn,(c; —ay)

+asn(a,—c,)=0 (5.10)
From (5.8):
aWn n, (az _Cz) 7’l3(C3 —a3) _
=0 + -0
ob, (ay —c)b, +¢,  by(c;—ay)+b,(c,—a,)+a, (5.11)

n,y(cy —013)[(012 —-c,)b, +c2]+nz(a2 —cz)[bl(c3 —as)+b,(c, —a3)+a3]=0

b,(n, +ny)(a, —c,)(c; —ay)+bn,(a,—c,)c; —ay)+c,ns(c; —ay)

+asn,(a,—c,)=0 (5.12)

From (5.9) and (5.11):

n(a,—c)  ny(a,—c,)

(a,—c)b +c, (a,—c,)b, +c,

=n(a, - C1)[(a2 —¢y)b, + Cz]: n,(a, - CZ)[(al —c)b + Cl]

= b,n,(a,—c)a, —c,)=n,(a, — cz)[(a1 —c)b, + 01]_ c,n,(a, —c,)

= bn(a; —¢;)) =bny(a, —¢)) +¢jn, — a—c, (5.13)

Substituting (5.13) into (5.10):

c,n(a, —¢))

:|(C3 - Cl3)

b(n, +ny)(a, —c,)c; —a;)+ {bln2 (a,—c)+cn, —
a, —¢,

+c,ny(cy; —ay)+azn (a, —c,)=0

= b, (n,+n,+ny)(a, —c)(c;—a;)+c (n, +n)(c; —a;)+asn(a, —c,)
_cm(a, —¢))(c; —ay) ~-0
(az _Cz)

a3 —C3  dy, —Cy a, —¢




. 1 a c c
= b, :_K 3 42 Jnl —— (n, +n3)} (5.14)
ni\a;—c; a,—c, a, —c, :

From (5.13):

c.n (a, —c
= bn,(a, —c,) =b,n (a, —c,) +—"——"—" @ =¢)

a, —¢,
biny(a, — ¢)(a, —¢y) = my(ay — Cl)[bz(az —c)+ Cz] —cny(ay —¢,)

omny(a, —¢,)

= bny(a, —c;) =bym(a, — ;) +com — a—c (5.15)

Substituting (5.15) into (5.12):

cn,\a, —c¢
b,(n, +ny)(a, —c,)(c; —a;) + |:b2n1 (a, —¢,) +c,n _%}(6‘3 —a,)
176

+c,n,(c; —as) +azn,(a, —c,) =0

= b,(n, +n, +n;)(a, —c,)(c;—a;)+c,(n, +ny)(c;, —a,)+asn,(a, —c,)
_any(a, —¢,)(c; —as)

(a1 _C1)

=0

cn (g + asn
a; —¢ a, — ¢, a; — Gy

x a; ¢ ) ..
= b,n= + n, — (n,+ny) ““n=n +n,+n,
€ 4, =6 a, —¢

a;
. 1 a, ¢ c,
=b, =— + n, — (n, +ny) 516
ni\a,—c, a,—c a, —c, (5.16)
c
Let 7, = where i =1,2,3 then from (5.14)
a, —c
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|
b, :;[(1"'73 +}/2)n1 - 7(n, +n3)]
|
b, :;[(1"'71 +7, +72)n1 -7 (n, +n, +n3)]

. N L
=b = [1+§ 71}—71
n j:l

Similarly, from (5.16)

|
b, :;[(1"'73 +}/1)n2 -7, (n +n3)]
|
b, [(1+71+72+73)n2_72(n1+n2+n3)]

n

LS}

= b; :&(HZ%}_%
n j=1

In general, bl-* can be written as:

n. i
b/ == 1+ 7, |-7 >0
i n( j_l?’jj 7i (5.17)

This formula is due to Tan and Chan (2008).
This time-varying log-optimal portfolio which depends on the time n can be

expressed as:

b, = (b],b;,1-b; —b}) (5.18)

where implicitly we assume that b and b, depend on n.

From (5.4) for three-stock market, the optimal capital, S, can be written as:

S; = [(a1 _Cl)bf +C1]nl [(az _Cz)b; +C2]”2 [(a3 _C3)b3* +C3]n3

3 RN
_ I;I[(ai —ebre,]! (5.19)
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5.2.3 The Determinant of the Sensitivity Matrix for the DOSES Market

The determinant of a certain sensitivity matrix is used for measuring

the volatility of the stock-price-relative sequences x" . The functional form of
the determinant of the sensitivity matrix for the Kelly market with
compensation was studied by Tan and Chan (2002). The results they obtained

is stated as follows:

Consider a Kelly market with compensation where the price-relatives
(a,,c;,wec,) appears n, times, (c,,da,,C,,...,C,) appears n, times, ...,
(c,,.-C,,a,) appears n, times in a period of n trading days, where
n+n,+..+n,=n,a>0 and ¢; >0 for i=1,2,3,...,m.

For large n, the limit of the determinant of the sensitivity matrix for this

stationary and ergodic market is given by:

1

PRSI (5.20)
EoNm

Jj=1

7 T =

= lim

n—soo

n.
where p; = ——is the probability of the price-relative vector
R

C.
Il >0 forj=1,2,...,m.

(Cj, ..+ Cj5 Aj, Cjy ...,Cj) and 7j:

For our computation in this chapter, we study the case of a three-stock
market where m = 3, where the real stock market is transformed to a DOSES

market with the following price-relatives:
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(a,,c,,c,), (c,,a,,c,) and (c;,cy,a,) which appear n,, n,, and n, times
respectively in n trading days where n =n, +n, +n,, the constants a; >0
and ¢, >0 for i=1,2,3.

The determinant of the sensitivity matrix,

. 1
J” - 3 26-Dr
|:1 + Z 7/1} {H pjj|
J=1 Jj=1
_ 1
ppaps A+ i+ 1+ 1) (5.21)

for large n, in a stationary and ergodic market, where p,, p, and p, are the
probabilities of (a,,c,,c,), (c,,a,,c,) and (c;,c5,a;) respectively,

c, n.
for j=1,2,3. As n; and n — e, — approaches p;and we
n

n.
use —-to estimate p;for j=1,2,3.
n

5.3 The Asymptotic Behaviour of the Ratio of the Universal Capital to
the Optimal Capital

Cover (1991) showed that for the uniform Dirichlet (1, 1, ..., 1)
universal portfolio, the asymptotic behavior of the ratio of the investment
capital achieved by the universal portfolio to the investment capital achieved
by the best constant rebalanced portfolio depends on the determinant of some
sensitivity matrix. Tan and Chan (2002) studied the functional form of the

determinant of the sensitivity matrix for the Kelly market with compensation.
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The sensitivity matrix with respect to the stock-price-relative sequence

2 n
x" is defined as: J,(b)= —[M} (5.22)

9b,9b,

where the matrix J, (b) is (m—1)x(m—-1), W, (x”,b) is given from (5.2) as:

Wn(x”,b):llnSn (x",b)
n

2
n

0b.ob

i

and the partial derivatives

are taken with respect to the (m—1)

independent variables b,,b,,....,b, .

The (m—l)x(m—l) sensitivity matrix, J, which is the negative of the

Hessian of W, (b:) is defined as:

T,

| 9W (x".,b))
- (5.23)

9b,3b,

where b, maximizes W, (x",b) over all portfolio vectors b .
Note:

1. The sensitivity matrix, J, is nonnegative definite.
2. If b: achieves the maximum of S, (b) in the interior of the simplex

B, , then all the components of time-varying log-optimal portfolio, b
are positive.
3. Note that the maximum of S, (b) may be achieved at b on the

boundary of the simplex B, .
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Cover (1991) showed that for the universal portfolio generated by the

uniform Dirichlet (1, 1, ..., 1) distribution, the ratio of the universal capital,

A

S, to the optimal capital, S, has the following asymptotic behavior:

m—1

S, (m—l)!(2_iz'jz
S* n

n

1 (5.24)
2

where

I,

denotes the determinant of the sensitivity matrix, J, .

A

*®

We try to study the asymptotic behaviour of i" for the general Dirichlet

(o, a,,....... ,&, ) universal portfolio in a DOSES market, i.e.

A A m-1
$,6,)  s®) (2_::)
5.6 | gpeyh L7

(5.25)

5,6)

Let x" =(x},X,,...,X,) be a sequence of stock-price-relative vectors in n

trading days. Suppose the stock-price-relative vector of the form

m
(¢;,--xC;»a;,C;...,c;) appears n, times where n = an trading days for i =1,
j=1

2, ..., m, in a DOSES market. The Dirichlet universal portfolio is generated by
a parametric positive vector & = (¢, ,........ ,o0,) where o, >0 fori=1, 2,
..., m, where the Dirichlet probability measure u(b) defined on the simplex

B, is given as follows:

C(a, +...+ 06,,,)blal—lMbnfm‘ldbl...dbm_l

GO =T (e (5.26)
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Cover and Ordentlich (1996) have shown that the universal wealth S’n (l;n),

achieved by the Dirichlet (¢, ,,,....... ,o, )universal portfolio at the end of the

nth trading day can be computed by using the following formula:

$,6,)=], {Iﬂ[b'xjjdﬂ(b) (5.27)

The universal portfolio corresponding to the Dirichlet (¢, ,,....... ,a )

. I, ”(I}jb’xijg(b)d(b)

distribution used is: b, = —
I, (1105 o)
m\ i1

n

(5.28)

The simplex of portfolio vectors b is denoted by B, , where
B, = {(bl,bz,...,bm) :0<bh, <1 for i=12,...,m and ib[ = 1}
i1
If X =(CaeensCis Uy Cannns ) for some i and this stock-price-relative vector
appears n, times where n = in ; trading days, then
j=1

b'x;,=ba,+c,(1-b,)
=c,+b,(a,—c;) (5.29)
From (5.27) and (5.29),
S (b,)= jB []te; +b.(a,—c)1" de(b)
A

l

m ) i C.
=], [Te" 1+£j dpu(b) where 7; =——
Bt %, 4
T +..+a,) H e {ﬁ + 1} b .. b 'db,..db,, from (5.26)
INa)..I(x,) 78| 42 7i
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_D(a +..+a, )(ﬁffjf LR (nlj (nmjbf’l”“‘...b,’jf"’”’"‘l b db
S e ...db, |
o). I(e,) \5a BniZ0 =0\ Ji Jom e

F(a1+ +0,) (™ o I (1 n,\ . v i
¢/ Lyl b b db, .. db
[(@)- F(a)m ]Z ZU (jmj” 7 ), BBy b

L@, +..+a )( i j i (n j{ j’ o
_ DT e 2 |pm b b, db
[(a).I(@,) H IBH = 1 o

i =0 j,=0 .]1

(5.30)

By using the property of the Dirichlet distribution

I'le, + j,)..I(ex,, + j
I baﬁjl bam"'f 1db db ( ‘]1) ( .]m) (531)
F(a +ota, +j+.+])
and letting

T ()= I'a,+..+a,)(a+j).I'(a,+],) (5.32)

T(a,). L@ )0+t e, +j,+t )

the expression for §n (l;n) becomes:

(Hc JZ Z( ]( Jm] ST, G)

n!'.n ! . .
=T, (D( ¢l J B — 7"y (5.33)
H 11—0 Jm—O ]1 ]m!(nl _]1)!--'(”’,,, _]m)! :

UJ)

If the time-varying log-optimal portfolio, b, = (bl*,b;, ..... ,b;;) is achieved in

the interior of the simplex B, (refer to Tan and Chan (2008)), then

b,*=ﬂ(l+27j}—% >0 for i=1,2,...,m and

n Jj=1

limb, = p{1+2yjj— 7, (5.34)
o =

c
where ¥, = and p, is the probability of the price-relative vector
a
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(€;seesCjya; 5 sennc;) for i=1,2, ..., m, where the DOSES market is stationary

and ergodic. Hence (Tan and Chan (2008)),

@) limb, = p, (1+Z}/ J 7, almost surely for i =1, 2, ..., m, where n

n—seo =

is the number of trading days,

(i) for large n,,...,n, ,n, we have

m?

S, (b,) = ﬁ [(ai -¢ )bi* T ]n[
i=1

~H{{p,(l+2}g}—%}(ai—cl.)+cl} where ¥, = c;
a;, —c;

i=1 j=1 i i
H (1+Z}/ J a,—c;)
i=1 j=1
m " m C . ni
g
= -1\ Vi
1+Z7J] . n
~ J=1 nlCl h ﬂz
e iZI( ” j where . )2 (5.35)

Subject to certain regularity conditions on the sequence {b;} and

{ls;

is conjectured to have the following asymptotic behavior:

}, the ratio of the universal capital S (b ) to the optimal capital S’ (b")

5,6, __g) (y}
5,0))

The above is the Laplace approximation conjecture which is due to Tan

(2002a), where:
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S’n (l;n) is the capital of the Dirichlet (¢4, a,....,,,) universal portfolio, l;n;
S, (b,) is the capital of the best constant rebalanced portfolio b, ;

denotes the determinant of the (m—1)x(m—1) sensitivity matrix,

J,(b,)

which is the negative of the Hessian of W, (b: )
The regularity conditions are that the sequence {b;} must be positive and has

both have limits

J,(®,)

a limit in the interior of the simplex B, , W, (b;) and

as n — o . For a DOSES market,

J7(b;)|=1lim|J; (B})
_ 1
- " -2,
(1 + z 7]’ ] {H p/ j
j=1 j=1

_ [{1 . z 7J[H p,j]l (5.36)

maximizing vector b, = (bf Jby s ,b;) is:

I'e, + a, +“'+a"’)(b*)“l‘1(b*)“2‘l (b )an!
X 5 ..(b,

8®) = @ T(a)).I(a,) (5.37)

Thus, another equivalent form of the ratio of the universal capital S, to the

optimal capital S, in (5.25) is:

A m—1
S, e, +o,+..+,) (272 , a1 el k]
* ~ 1 (7j (bl ) (bZ) "'(bm) (5.38)

' TayTiay).-Tia, ||
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We run the Cover-Ordentlich algorithm on the real stock market and
the approximated DOSES market for a general class of the Dirichlet
(o, ,,...,,) distributions to calculate the universal capitals obtained for both

markets and make comparisons to determine whether the Laplace

approximation (5.25) is satisfied.

In this section, we study the case of a three-stock market with m = 3,

where the 2x2 determinant of the sensitivity matrix for a three-stock market

is given by:
W, (x".b))  O’W,(x".b))
; ob; 0b,0b
J | = det 1 172
e I ACIR R AN
0b,0b, b2

The determinant of the sensitivity matrix for a stationary, ergodic DOSES

market is:

e+ B+ + ) (5.39)

for large n, where p, 1is the probability of the i™ price-relative vector

y, =—— fori=1,2,3.
a. —C.

1 1

The joint density function for the Dirichlet (¢,,«,, ;) universal portfolio

with three-stock market is:

g(b:) _ I(oy+ a,+ay)

— bl* o -1 b; a, -1 b3* o5 -1
1_(0[1)1_(0[2)“0[3)( )7 (by)™ T (bs)

(5.40)

evaluated at b, .
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The conjectured asymptotic behavior of the ratio of the universal capital, S’n to

the optimal capital, S, is as follows:

S N +a + 2y AV
s N— ‘(_j(bl) CeTET (5.41)
" )@/,
For the case of uniform Dirichlet (1, 1, ..., 1) distribution, we substitute

o, =a, =a, =1 to the above conjecture and obtain the following asymptotic

, S (3) Y s
behavior: et T
" THIOHIa)J,(2
_ 2 (2= _ 4z
A 1 (5.42)
]: 2 r4 J: 2

In this section, for the three-stock market where m = 3, we compute the

A

n

* 9

ratio of the universal capital, S, to the optimal capital, S’ i.e. to compare

n

with g(b,l,) (%j — F(Ofl +6¥1 +Q’3) - (%j(bl*)%—l (b;)%—l(b;)%—l (543)
J, L)) ()

2 2
n

T,

and also compute the determinant of their differences, i.e.

St o Un (5.44)

n

S, g(bi)(gj

L
2

to check the asymptotic behavior.
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54 Computational Results and Discussion

In this section, the computational results of discretizing the stock
prices to approximate the real market as a DOSES market are shown as
follows:

The price relatives of the three stocks i.e. Resorts, Maybank and KNM
are discretized to approximate as a DOSES market for a total of 330 trading
days from 2™ May 2006 until 24™ August 2007. Each day, there is a
dominating stock in price and we shall convert other non-dominating stock
prices to a uniform one by some discretization process like averaging as

shown in the following example:

By using the discretization process as discussed in Section 5.2.1 with
the price relatives of the three stocks Resorts, Maybank and KNM for a total
of 330 trading days from 2™ May 2006 until 24™ August 2007, we obtain a
model of DOSES market discretized with the price-relatives listed as follows:

(1.02, 1.00, 1.00) appears 99 times,
(0.99, 1.01, 0.99) appears 113 times,

(1.00, 1.00, 1.02) appears 118 times.

The period of 330 trading days is given as:

n=99+113+118=330 where a, =1.02,a, =1.01,a, =1.02, and
¢, =1.00,¢, =0.99,¢, =1.00.

We name these three stocks of DOSES market as Resorts(D), Maybank(D)

and KNM(D).
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In order to generate a sequence {b:} which are positive vectors
satisfying the regularity condition in the conjectured behaviour (5.25), we
make a further transformation of the DOSES market to another DOSES by

appropriate scaling of the price-relatives a, and c,. In other words, we
multiply or divide a; and c¢; by some constants in order to find a positive,

convergent sequence of the maximizing vectors b through computation.

For example:

a, =3x1.02=3.0600, a, =2.5%x1.01=2.5250, a,=2x1.02=2.0400;

¢, =1.00+3=0.3333, ¢, =0.99+2.5=0.3960, c¢;=1.00+2=0.5000.

After the transformation, a new DOSES market for Resorts(D),
Maybank(D) and KNM(D) with the price-relatives is shown as follows:
(3.0600, 0.3333, 0.3333),

(0.3960, 2.5250, 0.3960),

(0.5000, 0.5000, 2.0400),

which appears 99, 113 and 118 times respectively in the data set. For the

transformed DOSES market, it is now possible to find a positive, convergent
sequence of the maximizing vectors b, . We shall run the Dirichlet universal

portfolios on the DOSES market with price relatives (3.0600, 0.3333, 0.3333),

(0.3960, 2.5250, 0.3960) and (0.5000, 0.5000, 2.0400) in the next section.
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5.4.1 The Dirichlet-Weighted Universal Portfolios and Computed
Capitals for the DOSES Market

In this research, we had chosen MATLAB as the platform for the
computation of universal portfolios and capitals using the transformed price
relatives of the three stocks of Resorts(D), Maybank(D) and KNM(D), for a
total of 330 trading days from 2" May 2006 until 24™ August 2007. A
MATLAB m-file was written based on the modified algorithm for three-stock
universal portfolio discussed in Section 2.1.4. We use different parameters of

the Dirichlet (¢4, @,, ;) distribution for generating the universal portfolio

strategies.

The Dirichlet (1.0, 1.0, 1.0) strategy was first introduced by Cover
(1991). Subsequently, Cover and Ordentlich (1996) introduced the general

class of Dirichlet (&, @,, @;) strategies. But the focus of their study is on the

Dirichlet (1.0, 1.0, 1.0) and Dirichlet (0.5, 0.5, 0.5) strategies. The aim of this

project is to study the parametric class of Dirichlet (¢, ¢,, ;) strategies,
especially when the (1.0, 1.0, 1.0) and (0.5, 0.5, 0.5) strategies do not perform
well. We observe that by varying the parameters ¢, , &, and &, we can obtain
Dirichlet (¢4, @, ;) strategies achieving different capitals. For example, refer
to Table 5.1 where the investment capitals of 16 different sets of (¢4, &,, &)
are calculated, namely for (¢, @,, ;) equals to (0.3, 0.4, 0.6), (0.4, 0.6, 0.9),

(0.5, 0.5,0.5), (0.5, 0.8, 0.6), (0.6, 0.8, 0.8), (0.2, 0.9, 0.7), (0.8, 0.4, 0.5), (0.8,
1.0, 0.3), (0.7, 0.2, 0.3), (0.8, 0.9, 0.7), (1.0, 2.0, 1.0), (2.0, 1.0, 1.0), (1.0, 1.0,

2.0), (1.0, 1.0, 1.0), (3.0, 2.0, 1.0), (2.0, 3.0, 2.0) respectively. Except for the
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detailed calculations for the Dirichlet (0.3, 0.4, 0.6) universal portfolios listed
in Appendix 3, we will not show the detailed calculations for the other 15

universal portfolios listed in Table 5.1.

Table 5.1: The investment capitals (returns) achieved after 330 trading days,
with 16 universal portfolio strategies generated by the Dirichlet (¢4, @,, ;)

distribution based on the transformed stock price data of Resorts(D),
Maybank(D) and KNM(D)

Cover and Ordentlich Investment Capital
Universal Portfolio generated by after 330 trading days,
Dirichlet (¢4, ,, a;) distribution Sipe (x10%)

(0.3.0.4,0.6) 1.9973
(0.4,0.6,0.9) 2.9520
(0.5,0.5,0.5) 2.9720
(0.5,0.8,0.6) 3.7868
(0.6,0.8,0.8) 4.5422
(0.2,0.9,0.7) 1.8930
(0.8,0.4,0.5) 3.0309
(0.8,1.0,0.3) 3.3386
(0.7,0.2,0.3) 1.3953
(0.8,0.9,0.7) 5.4356
(1.0,2.0,1.0) 7.7702
(2.0,1.0, 1.0 7.6685
(1.0, 1.0, 2.0) 5.3923
(1.0,1.0, 1.0 6.9437
(3.0,2.0, 1.0 1.0534
(2.0, 3.0, 2.0) 1.6107

In Table 5.1, the investment capitals (returns) obtained after these 330
trading days with 16 universal portfolio strategies generated by the Dirichlet

(o, &, ;) distribution based on the transformed stock price data of

Resorts(D), Maybank(D) and KNM(D) are ranged from 1.3953x10" units to
1.6107x10" units. The Dirichlet (2.0, 3.0, 2.0) strategy (as shown highlighted

in grey colour) achieves the highest capital of Sy, = 1.6107x10" units
whereas the Dirichlet (0.7, 0.2, 0.3) achieves the lowest capital of S,;, =

1.3953x10" units. The Dirichlet (1.0, 1.0, 1.0) and Dirichlet (0.5, 0.5, 0.5)
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strategies introduced by Cover and Ordentlich achieve capitals of §330 =

6.9437x10" units and S5, =2.9720x10" units respectively for this period of

study.

54.2 The Time-varying Log-optimal Portfolio 5, and the Optimal
Capital S, for the DOSES Market

In this section we will use the transformed price relatives (3.0600,
0.3333, 0.3333), (0.3960, 2.5250, 0.3960) and (0.5000, 0.5000, 2.0400) of the
three stocks of Resorts(D), Maybank(D) and KNM(D) found in Section 5.4,

for a total of 330 trading days from 2" May 2006 until 24™ August 2007 to
compute the time-varying log-optimal portfolio, b, and the optimal capital,
S, . Assume the initial investment capital is one unit and the resulting capital

after each trading day is in the corresponding number of units. The investment
capital at the end of the nth trading day by a constant rebalanced portfolio

b =(b,b,,b,)is given from (5.5) as:

Sn(x",b) = [(al —c¢)b, +c¢ ]nl [(az —-c,)b, +c, ]n2 [(a3 —c3)b; + ¢y ]n3

It is noted that S, is maximum over the set of portfolio vectors b if and only if
Wn(x",b) = %ln S, (x",b) is maximum.
From Section 5.2.1, formula (5.19) the optimal capital, S, can be written as:

S, = [(a1 —c)b; +¢ ]nl [(az —c,))b; +c, ]”2 [(a3 —c3)b; + ¢, ]n3
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= ﬁ [(ai —-C )bi* C; ]m

where the time-varying log-optimal portfolio which depends on the time n has

the following properties:

bi+by+b; =1; b, =(b.b,.1-b —b))

Let VY, = where i=1,2,3 then the time-varying log-optimal

a. —cC.

1 1

portfolio b, from (5.17) can be expressed as:

b=t 1+Z;/jJ—;/i >0
n j=1 )

5.4.3 The Ratios of the Universal Capitals to the Optimal Capital for the
DOSES Market

The investment capitals obtained after 330 trading days with 16

universal portfolio strategies generated by the Dirichlet (¢, &, &)

distribution based on the transformed price relatives of the three stocks of
Resorts(D), Maybank(D) and KNM(D) found in Section 5.4, for a total of 330

trading days from 2" May 2006 to 24™ August 2007 were displayed in Table
5.2. The optimal capital achieved for this period was S3;, = 4.2296E+15 units
for the time-varying log-optimal portfolio (0.3736, 0.3750, 0.2514). The ratios

of the universal capitals, §330 to the optimal capital, S;;, achieved i.e.

5330

#
5330

are listed in Table 5.2.
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Table 5.2: The ratios of the universal capitals to the optimal capital based on
the transformed stock price relatives of Resorts(D), Maybank(D) and KNM
(D) for a total of 330 trading days

Cover and Ordentlich Universal Investment Capital .
Portfolio generated by after 330 trading days, S~_‘30
Dirichlet (a, &, ;) distribution Sy (X107) S
(0.3.0.4.0.6) 1.9973 0.00555838
(0.4,0.6,0.9) 2.9520 0.00821526
(0.5,0.5,0.5) 2.9720 0.00827092
(0.5,0.8,0.6) 3.7868 0.01053847
(0.6,0.8,0.8) 4.5422 0.01264070
(0.2,0.9,0.7) 1.8930 0.00526812
(0.8,0.4,0.5) 3.0309 0.00843484
(0.8,1.0,0.3) 3.3386 0.00929115
(0.7,0.2,0.3) 1.3953 0.00388305
(0.8,0.9,0.7) 5.4356 0.01512699
(1.0,2.0, 1.0) 7.7702 0.02162406
(2.0,1.0,1.0) 7.6685 0.02134103
(1.0, 1.0,2.0) 5.3923 0.01500649
(1.0, 1.0, 1.0 6.9437 0.01932395
(3.0,2.0, 1.0) 10.534 0.02931557
(2.0,3.0,2.0) 16.107 0.04482493

In Table 5.2, it is found that for the 330 trading-day period, the best
Cover-Ordentlich universal portfolio is b = (2.0, 3.0, 2.0), yielding a resulting

optimal universal investment capital of Sy;,= 1.6107x10" units. The ratio of
the best Cover-Ordentlich universal investment capital, S;;,= 1.6107x10'"

units to the optimal investment capital, S33, = 4.2296x10" units is:

A

5330
5330

= (0.03808162
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5.4.4 Computation for the Determinant of the Sensitivity Matrix for the
DOSES Market

The transformed price relatives of DOSES market found in Section 5.4
for Resorts(D), Maybank(D) and KNM(D) for a total of 330 trading days from
2" May 2006 until 24™ August 2007 are listed as follows:

(3.0600, 0.3333, 0.3333) appears 99 times,
(0.3960, 2.5250, 0.3960) appears 113 times, and

(0.5000, 0.5000, 2.0400) appears 118 times.

From Section 5.3 formula (5.28), for a three-stock market where m = 3, the

determinant of the sensitivity matrix is given by:

ppaps(+ 1+ 9+ 1)
for large n, where the probability of the respective price-relative vector is

estimated as follows:

For the first price-relative vector, (3.0600, 0.3333, 0.3333) the estimated

probability is, p, =" With the total number of trading days, n,= 99 and
n

yo 0333 .
3.0600—0.3333

For the second price-relative vector, (0.3960, 2.5250, 0.3960) the estimated
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probability is, p, = ™2 With the total number of trading days, n,= 113 and
n

_ 0.3960
72 = 5250-0.3960

=0.1860;

For the third price-relative vector, (0.5000, 0.5000, 2.0400) the estimated

probability is, p, = ™5 Wwith the total number of trading days, n,= 118 and
n

0.5000

¥, = =0.3247 .
2.400 —0.5000

The period of 330 trading days is given as: n =99 + 113 + 118 = 330.
Thus, the determinant of the sensitivity matrix,

1

J'| =
‘n‘ p,p,p;(1+0.1222 +0.1860 + 0.3247)*

1
P, P, p5(1.6329)*

We had chosen MATLAB as the platform to compute the determinant

of the sensitivity matrix, for the transformed three-stock DOSES market

I,

of Resorts(D), Maybank(D) and KNM(D). From the above formula for the

determinant of the sensitivity matrix, , it 1s realised that

T,

T,

depends on

e . . ~ n.
the probabilities of the transformed price-relative vectors, p; . We let p, = —
n

be the estimated value of p; fori =1, 2 and 3. The estimated probabilities, p,

of the respective transformed price-relative vector, p; of Resorts(D),
Maybank(D) and KNM(D) for a sequence of n trading days starting from n =

230 increasing in 5 days to n = 330 is listed in Table 5.3.
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Table 5.3: The estimated probabilities of the respective transformed price-
relative vectors of Resorts(D), Maybank(D) and KNM(D), i.e. p,, p,, and

D, for trading days starting from n = 230 increasing in 5 days to n = 330

n n o) n3 P P Ps
230 68 79 83 0.2957 0.3435 0.3609
235 70 81 84 0.2979 0.3447 0.3574
240 72 81 87 0.3000 0.3375 0.3625
245 72 83 90 0.2939 0.3388 0.3673
250 73 86 91 0.2920 0.3440 0.3640
255 74 90 91 0.2902 0.3529 0.3569
260 75 92 93 0.2885 0.3538 0.3577
265 77 93 95 0.2906 0.3509 0.3585
270 77 95 98 0.2852 0.3519 0.3630
275 79 97 99 0.2873 0.3527 0.3600

280 80 100 100 0.2857 0.3571 0.3571
285 82 103 100 0.2877 0.3614 0.3509
290 84 103 103 0.2897 0.3552 0.3552
295 87 104 104 0.2949 0.3525 0.3525
300 90 104 106 0.3000 0.3467 0.3533
305 92 106 107 0.3016 0.3475 0.3508
310 94 106 110 0.3032 0.3419 0.3548
315 96 107 112 0.3048 0.3397 0.3556
320 98 108 114 0.3063 0.3375 0.3563
325 99 111 115 0.3046 0.3415 0.3538
330 99 113 118 0.3000 0.3424 0.3576

5.4.5 Computation for the Asymptotic Behaviour of the Ratio of the
Universal Capitals to the Optimal Capital for the Uniform
Dirichlet (1, 1, 1) Distribution

Cover (1991) had proved that for the universal portfolio generated by

the uniform Dirichlet (1, 1, ..., 1) distribution, the ratio of the universal capital

A

S, to the optimal capital S has the following asymptotic behavior:

m—1

S, (m—l)!(%jZ
Jp

n

2

where ‘J:‘ denotes the determinant of J, . From (5.42), for the transformed

three-stock market m = 3 with the uniform Dirichlet (1, 1, ..., 1) distribution,
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the conjectured asymptotic behavior of the ratio of the universal capital, S, to

the optimal capital, S, is given as follows:

S 27T (3)
s 1
" aDEMI)J |2
-2
A2 LR
VME
4r . 74
Let Q) =——

2

1
2 n“]:

_AJ:

The transformed price relatives of the three stocks i.e. Resorts(D),

Maybank(D) and KNM(D) for a total of 330 trading days from 2nd May 2006
until 24™ August 2007 are used. We had chosen MATLAB as the platform for

the computation of each of the following:
1. The universal portfolio, f)n and the universal capital, §n on each
trading day generated by the Dirichlet (1, 1, 1) distribution.
2. The time-varying log-optimal portfolio, b’ and the optimal capital, S

7).

3. The determinant of the sensitivity matrix,
S,
S

=

4. The ratio of the universal capital .§n to the optimal capital S i.e.

. 4z
5. The results generated for O, =
%

1

2
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R I .
6. The values of [ —=—Q | or [ — | generated for determining the
S S ME
closeness of — to Q.
y 4 ]
We observe that the values of [~ — | are small as n gets bigger.
S330 _

— = 0.000136.

For example, when n = 330, S
n330 330 J3>=<30 2

As the computation for this section is similar to next section, we will only

show the detail of the computation for Section 5.4.6 in Appendix 3.

5.4.6 Computation for the Asymptotic Behaviour of the Ratio of the
Universal Capitals to the Optimal Capital for

5.4.6.1 The Dirichlet (0.3, 0.4, 0.6) Distribution

The joint density function for the general class of the Dirichlet
(o, @y, ) distribution given by (5.40) is as follows:

. I'lo, + a, + ;) R I
&) = T (a)T(ay ) &)

3
over the region b, 20 fori=1, 2, 3, Zbl. =1.

i=1
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Consider the general Dirichlet (&, &,, &%) distribution for generating
the universal portfolio strategies with parameters &, =0.3, @, =0.4 and

o, =0.6, 1e. the Dirichlet (0.3, 0.4, 0.6) distribution for the three-stock

market m = 3, the joint density function at b’ is simplified as:

on 'a.3) $N=0.7 (1% =0.6 (1 %\ —0.4
g,)= T'(0.3)C(0.4)(0.6) (b)) (by) 7 (by)
0.3I'(0.3)

= T3040 o) B2 )

~ 0.3
C T(0.4)(0.6)

(bl*)70.7 (b;)fo.s (b;)70.4

Note: I'(a) = (¢ -DI'(a¢ —1)
In next computation, we examine the following Laplace approximation

conjecture listed in (5.25) which is due to Tan (2002a).

~ A~ , m-1
$,6,) _ g(bii)(z_zrj z
S:(b:) I n

n

1
2

For the transformed three-stock market where m = 3, the conjecture can be

A

§$£~GZJ H%+%+%)JﬁWW@W%@W4
i L))\,

simplified as:
2

The asymptotic behavior of the ratio of the universal capital §'n to the optimal

o S 0.30(0.3) 27
capital S, is simplified as: rliad T —
" TOHTO0.6) ) B )N "
. 0.31(0.3 27\ 27g;
Let G = 103 (_j _2r®l)
TOHTO.6)7 @) ) )™ N " n|J'2
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A MATLAB m-file was written to compute the G, values of the

transformed three stocks i.e. Resorts(D), Maybank(D) and KNM(D) for a total

of 330 trading days from 2™ May 2006 until 24™ August 2007.

To compare the ratio of the universal capital S, to the optimal capital

CS, e 2msy)
S, 1le. 5 with G, =——5" again we had chosen MATLAB as the
n n‘J: 2

A

5 ¢

&

S, _27g(,)

or .~ 1 |

* 1

e
2
J,

platform for the computation of the values for

n

" n

The items listed below are tabulated in Appendix 3:
1. The transformed price relatives of the three stocks of Resorts(D),
Maybank(D) and KNM(D) for a total of 330 trading days from 2™
May 2006 until 24™ August 2007.
2. The universal portfolio, f)n and the universal capital, §n on each
trading day generated by the Dirichlet (0.3, 0.4, 0.6) distribution.

3. The time-varying log-optimal portfolio, b’ and the optimal capital, S .

4. The determinant of the sensitivity matrix,

7).

5. The ratio of the universal capital §n to the optimal capital S, i.e.

. 27mgb,
6. The results generated for G, :g—(l”).

nJ’|?

n
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. _27g(b,) - .
7. The values of ——— | generated for determining the asymptotic

nJ’|?

n

&
n

S 27re®d’
behaviour, Z~g—(1”)

n nJ:

n

2

S, _2mg(b,)
———— | are small as n

2

In Appendix 3, we observe that the values of |,
n J*

n

n

S, 2mgb))

gets bigger. For example, when n = 330, |- ——————| = 0.000058.
"onJ|?
5.4.6.2 The values of b, , S: , G.,and |- —G,| for the Dirichlet (0.3, 0.4,
0.6) Distribution

From Section 5.2.2, the time-varying log-optimal portfolio b, which
depends on the time 7 satisfies: b +b, +b; =1; b, =(b/,b,,1—b/ —b,).

In the above, to make the notation simple, we suppress the dependence on n

in b (n), b,(n) and b;(n).Let ¥, = where i = 1, 2, 3 then the time-

a. —cC.

i i

varying log-optimal portfolio b, from (5.17) can be expressed as:

bj=ﬂ£1+2yj}—;g >0, i=1,2,3
n j=1

This formula is due to Tan and Chan (2008). For a sequence of n trading days
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starting from n = 200 increasing by 10 trading days to n = 330 based on the
transformed stock price data of Resorts(D), Maybank(D) and KNM(D) for the

Cover and Ordentlich universal portfolio generated by the Dirichlet (0.3, 0.4,

A
SV!
9

g

n

0.6) distribution, the time-varying log-optimal portfolios b, , the ratios

A

S
S” —G | are listed in Tables 5.4. Note that

the functions G, , and the values of

*

n

the sequences {b,} are positive, satisfying the regularity conditions for the

Laplace approximation in (5.25). The empirical results in the three tables tend

A

n

to support the asymptotic behaviour ~G, for large n.

*

n

Table 5.4: The values ofb, , ?’i , G, and SZ —G | for the Dirichlet (0.3, 0.4,

n n

0.6) distribution, based on the transformed stock price data of Resorts(D),
Maybank(D) and KNM(D) for trading days from n = 200 increasing in 10
days to n =330

The time-varying S Y S, .

n log-optimal portfolio p* S G, 57*_6"
200 | 03431 | 03774 | 0.2795 || 0.009270 | 0.009200 || 0.000070
210 | 0.3365 0.3972 0.2663 | 0.008840 | 0.008700 0.000140
220 | 0.3454 0.3929 0.2617 0.008411 0.008300 0.000111
230 | 0.3605 0.3749 0.2646 0.008011 0.007900 0.000111
240 | 0.3676 0.3651 0.2673 0.007666 0.007600 0.000066
250 | 0.3546 0.3757 0.2697 | 0.007374 | 0.007300 0.000074
260 | 0.3488 0.3918 0.2594 | 0.007099 0.007000 0.000099
270 | 0.3434 0.3885 0.2680 || 0.006843 0.006800 0.000043
280 |[ 0.3443 0.3972 0.2585 0.006596 0.006500 0.000096
290 | 0.3507 0.3940 0.2553 0.006356 0.006300 0.000056
300 || 0.3676 0.3801 0.2523 0.006120 0.006100 0.000020
310 || 0.3729 0.3723 0.2547 || 0.005915 0.005900 0.000015
320 || 0.3778 0.3651 0.2571 0.005725 0.005700 0.000025
330 || 0.3676 0.3731 0.2592 || 0.005558 0.005500 0.000058

138




5.4.6.3 The General Class of the Dirichlet (¢, &,, ;) Distribution

The ratio of the universal capital, §n to the optimal capital, S i.e.

g’; , obtained after 330 trading days with 16 universal portfolio strategies

n

generated by the Dirichlet (&, @,, &) distribution based on the transformed
stock price data of Resorts(D), Maybank(D) and KNM(D) from nd May 2006

until 24" August 2007; the function G, for the general class of the Dirichlet

(&4, &, o) distribution. In Table 5.5, for the 16 selected values of the

A

5 ¢

*®

S, _2mg(b))
—. ——— 71 | Where
S, 5

parametric vector (&, &,, &), the values of or

n

nJ,

_27g())
=280,
2

G, for some large n, say n = 330 are displayed to show the
J*

n

n

. . 8, 2zgb))
validity of the asymptotic behaviour, —_-~——— for large n. The

n

n

empirical results here support the Laplace approximation conjecture (5.25) for

different @ values of the Dirichlet (¢4, @,, &%) universal portfolios where

there exist convergent positive sequences {b, } .
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Table 5.5: The differences between the ratios of the universal capitals to the
optimal capital and G 3, for the general class of the Dirichlet (¢, &, &%)

distribution, based on the transformed stock price data of Resorts(D),
Maybank(D) and KNM(D)

Cover and Ordentlich
Universal Portfolio S . Suo

generated by Dirichlet St G 530 St ~ Gy

(4, &, &) distribution ‘
(0.3.0.4,0.6) 0.00555838 0.00552000 0.00003838
(0.4,0.6,0.9) 0.00821526 0.00820400 0.00001126
(0.5,0.5,0.5) 0.00827092 0.00821200 0.00005892
(0.5,0.8,0.6) 0.01053847 0.01049700 0.00004147
(0.6,0.8,0.8) 0.01264070 0.01264500 0.00000430
(0.2,0.9,0.7) 0.00526812 0.00524300 0.00002512
(0.8,0.4,0.5) 0.00843484 0.00837200 0.00006284
(0.8,1.0,0.3) 0.00929115 0.00918900 0.00010215
(0.7,0.2,0.3) 0.00388305 0.00383100 0.00005205
(0.8,0.9,0.7) 0.01512699 0.01512700 0.00000001
(1.0, 2.0, 1.0) 0.02162406 0.02178400 0.00015994
(2.0, 1.0, 1.0) 0.02134103 0.02146300 0.00012197
(1.0, 1.0, 2.0) 0.01500649 0.01513300 0.00012651
(1.0, 1.0, 1.0) 0.01932395 0.01945996 0.00013601
(3.0,2.0, 1.0 0.02931557 0.02944300 0.00012743
(2.0,3.0,2.0) 0.04482493 0.04647900 0.00165407

5.4.7 The Ratios of the Universal Capitals to the Optimal Capital in
Longer Trading Period with Different Data Sets of DOSES Market

In this section, we consider a longer trading period with different sets
of the price relatives for the DOSES market. We use different sets of the
stock-price data from those used in Section 5.4 to test if the DOSES market is
applicable for any sets of the stock-price data. The stock-price data of Aeon,
CIMB and Daibochi were chosen as the first set of three-stock portfolio for
investment for a total of 500 trading days from 18" July 2005 until 30™ April
2009, this included both the non-volatile period, from pnd May 2006 until 24
August 2007 and the volatile period, from 24™ December 2007 until 30™ April

2009 that we have studied in separate sections earlier. The opening and
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closing prices for each stock were observed for each trading day and the
corresponding price relatives were calculated. In this study, Aeon was chosen
as the first constituent stock in the three-stock universal portfolio.

We use the same method as applied in Section 5.4 to discretize the
price relatives of the three stocks i.e. Aeon, CIMB and Daibochi to
approximate as a DOSES market for a total of 500 trading days from 18" July
2005 until 30" April 2009. By using the discretization process, we obtain a
model of DOSES market discretized with the price-relatives listed as follows:

(0.9962, 0.9962, 1.0369) appears 236 times,

(0.9963, 1.0162, 0.9963) appears 148 times, and

(1.0052, 0.9930, 0.9930) appears 116 times.
The period of 500 trading days is given as:

n=236+148+116 =500 where a, =1.0052, a, =1.0162, a, =1.0369, and
¢, =0.9930, ¢, =0.9963, ¢, =0.9962.

We name these three stocks of DOSES market as Aeon(D), CIMB(D)
and Daibochi(D). In order to obtain a positive sequence{b:}, this model of

DOSES market is transformed either by a multiple or division of their initial
price-relatives respectively as follows:

a, =1.6x1.0052=1.6084,  a, =1.8x1.0369 =1.8291,
a, =2.2x1.0369 =2.2812; ¢, =0.9930+1.6 = 0.6206,
¢, =0.9963+1.7=0.5860, ¢, =0.9962+1.8=0.5534.

By using the transformation process, a transformed set of DOSES market for
Aeon(D), CIMB(D) and Daibochi(D) with the price-relatives is obtained as

shown below:
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(0.5534, 0.5534, 2.2812) appears 236 times,
(0.5860, 1.8291, 0.5860) appears 148 times, and
(1.6084, 0.6206, 0.6206) appears 116 times.
The investment capitals obtained after 500 trading days with 16

universal portfolio strategies generated by the Dirichlet (¢, &, ;)

distribution based on the above transformed price relatives of the three stocks
Aeon(D), CIMB(D) and Daibochi(D), for a total of 500 trading days from ond

May 2006 until 30" April 2009 were displayed in Table 5.6. The optimal
capital achieved for this period was S, = 16379.065198 units for the time-

varying log-optimal portfolio (0.4103, 0.4051, 0.1846). The ratios of the

A

: : 5 : . : . S
universal capitals, S, to the optimal capital, Sy;, achieved i.e. —are

500

listed in Table 5.6.

Table 5.6: The ratios of the universal capitals to the optimal capital based on
the transformed stock price relatives of Aeon(D), CIMB(D) and Daibochi(D)
for a total of 500 trading days

Cover and Ordentlich Investment Capital A
Universal Portfolio generated by after 500 trading Ss00
Dirichlet (¢, r,, a;) Distribution days, S 00 S50
(0.3,0.4,0.6) 19.2900 0.00803965
(0.4,0.6,0.9) 26.4330 0.01101669
(0.5,0.5,0.5) 29.5710 0.01232454
(0.5,0.8,0.6) 32.7976 0.01366932
(0.6,0.8,0.8) 40.1028 0.01671397
(0.2,0.9,0.7) 14.1098 0.00588066
(0.8,0.4,0.5) 34.8751 0.01453518
(0.8,1.0,0.3) 29.9565 0.01248521
(0.7,0.2,0.3) 17.2355 0.00718338
(0.8,0.9,0.7) 49.4535 0.02061113
(1.0,2.0,1.0) 46.6039 0.01942348
(2.0,1.0,1.0) 97.2076 0.04051400
(1.0,1.0,2.0) 46.0640 0.01919846
(1.0,1.0,1.0) 63.2919 0.02637868
(3.0,2.0,1.0) 120.3422 0.05015599
(2.0, 3.0,2.0) 83.3018 0.03471836
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Table 5.7: The estimated probabilities of the respective transformed price-
relative vectors of Aeon(D), CIMB(D) and Daibochi(D), i.e. p,, p,, and p,

for trading days starting from n = 230 increasing in 5 days to n

n n n, n3 ﬁl ]32 fq3
230 110 71 49 0.4783 0.3087 0.2130
235 110 72 53 0.4681 0.3064 0.2255
240 112 72 56 0.4667 0.3000 0.2333
245 113 74 58 0.4612 0.3020 0.2367
250 115 74 61 0.4600 0.2960 0.2440
255 119 75 61 0.4667 0.2941 0.2392
260 122 76 62 0.4692 0.2923 0.2385
265 124 77 64 0.4679 0.2906 0.2415
270 124 80 66 0.4593 0.2963 0.2444
275 127 81 67 0.4618 0.2945 0.2436
280 128 84 68 0.4571 0.3000 0.2429
285 130 86 69 0.4561 0.3018 0.2421
290 131 87 72 0.4517 0.3000 0.2483
295 133 89 73 0.4508 0.3017 0.2475
300 134 91 75 0.4467 0.3033 0.2500
305 136 93 76 0.4459 0.3049 0.2492
310 137 94 79 0.4419 0.3032 0.2548
315 137 96 82 0.4349 0.3048 0.2603
320 139 97 84 0.4344 0.3031 0.2625
325 141 98 86 0.4338 0.3015 0.2646
330 145 99 86 0.4394 0.3000 0.2606
335 149 99 87 0.4448 0.2955 0.2597
340 154 99 87 0.4529 0.2912 0.2559
345 157 100 88 0.4551 0.2899 0.2551
350 160 102 88 0.4571 0.2914 0.2514
355 162 104 89 0.4563 0.2930 0.2507
360 166 105 89 0.4611 0.2917 0.2472
365 170 106 89 0.4658 0.2904 0.2438
370 174 107 89 0.4703 0.2892 0.2405
375 176 109 90 0.4693 0.2907 0.2400
380 180 110 90 0.4737 0.2895 0.2368
385 184 111 90 0.4779 0.2883 0.2338
390 185 114 91 0.4744 0.2923 0.2333
395 188 114 93 0.4759 0.2886 0.2354
400 191 115 94 0.4775 0.2875 0.2350
405 193 115 97 0.4765 0.2840 0.2395
410 196 116 98 0.4780 0.2829 0.2390
415 198 118 99 0.4771 0.2843 0.2386
420 200 120 100 0.4762 0.2857 0.2381
425 203 120 102 0.4776 0.2824 0.2400
430 204 122 104 0.4744 0.2837 0.2419
435 207 124 104 0.4759 0.2851 0.2391
440 211 125 104 0.4795 0.2841 0.2364
445 212 128 105 0.4764 0.2876 0.2360
450 214 128 108 0.4756 0.2844 0.2400
455 217 129 109 0.4769 0.2835 0.2396
460 220 130 110 0.4783 0.2826 0.2391
465 223 132 110 0.4796 0.2839 0.2366
470 225 135 110 0.4787 0.2872 0.2340
475 228 136 111 0.4800 0.2863 0.2337
480 229 138 113 0.4771 0.2875 0.2354
485 231 140 114 0.4763 0.2887 0.2351
490 233 142 115 0.4755 0.2898 0.2347
495 235 145 115 0.4747 0.2929 0.2323
500 236 148 116 0.4720 0.2960 0.2320
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A

5 ¢

&

for the Dirichlet (1.0, 1.0,

5.4.8 The Values of b, %, G,, and

n n

2.0) Distribution in Longer Trading Period

For a sequence of n trading days starting from n = 200 increasing by
10 trading days to n = 500 based on the transformed stock price data of
Aeon(D), CIMB(D) and Daibochi(D) from ond May 2006 until 30 April 2009
inclusive of the non-volatile and volatile trading days, for the universal

portfolio generated by the Dirichlet (1.0, 1.0, 2.0) distribution, the time-

A

varying log-optimal portfolios b, , the ratios g” the functions G, , and the

P

n

A

5 ¢

*

values of are listed in Tables 5.8. Note that sequences {b } are

n

positive, satisfying the regularity conditions for the Laplace approximation in

A

5 ¢

&

(5.25). By comparing the values of for n = 330 in Tables 5.4 and the

n

A

5 ¢

*®

values of for n = 500 in Tables 5.8, we observe that for a longer

n

A

5 ¢

trading period of trading, the values obtained for are comparatively

n

smaller. Thus, the empirical result in Tables 5.8 tends to support the

A

n
&

asymptotic behaviour ~G, for large n.

n
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A

* Sn * P
G, and S —G,| for the Dirichlet (1.0, 1.0,

&

S,

P

Table 5.8: The values of b, ,
2.0) distribution, based on the transformed stock price data of Aeon(D),
CIMB(D) and Daibochi(D) for trading days from n = 200 increasing in 10
days to n = 500

The time-varying S . SAn _G
n log-optimal portfolio b, S* G, A

200 0.5575 0.2909 0.1516 0.029668 0.029033 0.000635
210 0.5587 0.2892 0.1522 0.028326 || 0.027754 | 0.000572

220 0.5487 0.2766 0.1747 0.031166 0.030742 0.000424
230 0.5291 0.2756 0.1953 0.033552 0.033241 0.000311
240 0.5010 0.2546 0.2444 0.040737 0.040628 0.000109
250 0.4849 0.2449 0.2702 0.043502 0.043489 0.000013
260 0.5073 0.2360 0.2568 0.039485 0.039432 0.000053
270 0.4831 0.2456 0.2713 0.040462 0.040452 0.000010
280 0.4780 0.2546 0.2674 0.038500 || 0.038480 0.000020
290 0.4649 0.2546 0.2805 0.039158 0.039173 0.000015
300 0.4527 0.2627 0.2847 0.038536 0.038560 0.000024
310 0.4412 0.2624 0.2964 0.038960 || 0.039009 0.000049
320 0.4229 0.2621 0.3149 0.040310 || 0.040396 0.000086
330 0.4351 0.2546 0.3104 0.038414 || 0.038484 0.000070
340 0.4678 0.2332 0.2989 0.035614 || 0.035658 0.000044
350 0.4780 0.2338 0.2882 0.033244 || 0.033266 0.000022
360 0.4876 0.2344 0.2780 0.031080 || 0.031084 0.000004
370 0.5098 0.2284 0.2618 0.028275 0.028254 0.000021
380 0.5180 0.2291 0.2529 0.026507 0.026474 0.000033
390 0.5197 0.2360 0.2444 0.024925 0.024882 0.000043
400 0.5273 0.2243 0.2484 0.024661 0.024625 0.000036
410 0.5286 0.2133 0.2581 0.025014 || 0.024992 0.000022
420 0.5241 0.2200 0.2559 0.024233 0.024209 0.000024
430 0.5198 0.2152 0.2650 0.024561 0.024549 0.000012
440 0.5322 0.2161 0.2517 0.022689 0.022663 0.000026
450 0.5226 0.2169 0.2605 0.023043 0.023027 0.000016
460 0.5291 0.2125 0.2584 0.022313 0.022295 0.000018
470 0.5302 0.2237 0.2461 0.020765 0.020737 0.000028
480 0.5263 0.2243 0.2494 0.020638 0.020613 0.000025
490 0.5225 0.2299 0.2477 0.020092 0.020067 0.000025
500 0.5140 0.2449 0.2411 0.019198 0.019169 0.000029

5.4.9 Computation for the Asymptotic Behaviour of the Ratio of the
Universal Capitals to the Optimal Capital for the Dirichlet

(o, @, 0%) Distribution for Aeon(D), CIMB(D) and Daibochi(D)

A

n

~ obtained after 500 trading days with 16 universal

n

The values of

portfolio strategies generated by the Dirichlet (¢, @,, @;) distribution based
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on the transformed stock price data of Aeon(D), CIMB(D) and Daibochi(D)

from 2" May 2006 until 30™ April 2009 inclusive of the non-volatile and

A

n

*

volatile trading days, the function G, and the values of —G,| are listed in

n

S, 27gb’)

~
*

Table 5.9 to test the validity of the asymptotic behaviour,

n 2

nJ’

n

Table 5.9: The differences between the ratios of the universal capitals to the
optimal capital and the density function for the general class of the Dirichlet

(0{1,0{2,0{3) distribution, based on the transformed stock price data of

Aeon(D), CIMB(D) and Daibochi(D) for a total of 500 trading days

Cover and Ordentlich .
Universal Portfolio S0 . Ssw _ g
generated by Dirichlet S G 500 g sw

(o, @,, o) Distribution 0 30
(0.3,0.4, 0.6) 0.00803965 0.00787800 0.00016165
(0.4,0.6,0.9) 0.01101669 0.01116200 0.00014531
0.5,0.5,0.5) 0.01232454 0.01210400 0.00022054
(0.5, 0.8, 0.6) 0.01366932 0.01353700 0.00013232
(0.6,0.8,0.8) 0.01671397 0.01662000 0.00009397
0.2,0.9,0.7) 0.00588066 0.00582100 0.00005966
(0.8,0.4,0.5) 0.01453518 0.01423200 0.00030318
(0.8,1.0,0.3) 0.01248521 0.01230900 0.00017621
0.7,0.2,0.3) 0.00718338 0.00695000 0.00023338
0.8,0.9,0.7) 0.02061113 0.02053300 0.00007813
(1.0, 2.0, 1.0) 0.01942348 0.01946900 0.00004552
(2.0, 1.0, 1.0) 0.04051400 0.04085700 0.00034300
(1.0, 1.0, 2.0) 0.01919846 0.01916900 0.00002946
(1.0, 1.0, 1.0) 0.02637868 0.02649800 0.00011932
(3.0,2.0, 1.0) 0.05015599 0.05142700 0.00127101
(2.0,3.0,2.0) 0.03471836 0.03545500 0.00073664
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5.4.10 Comparison of the Asymptotic Behaviour of the Ratio of the
Universal Capitals to the Optimal Capital for the Dirichlet

(&4, &, ;) Distribution for the Three Data Sets of the DOSES
Market in Longer Trading Period of 500 Trading Days

A

S 500 —G:
500

*

500

The values of

after 500 trading days for a second and

third data sets of the DOSES market, namely Astro(D), Digi(D) and
Nestle(D); Scientex(D), Alliance(D) and Measat(D) are also computed by
using the same procedure as the first data set of the DOSES market, i.e..

Aeon(D), CIMB(D) and Daibochi(D). These three sets are listed as follows:

I*set:  Aeon(D), CIMB(D) and Daibochi(D), abbreviated as ACD(D)
2" get: Astro(D), Digi(D) and Nestle(D), abbreviated as ADN(D)

3" get: Scientex(D), Alliance(D) and Measat(D), abbreviated as SAM(D)

The ratio of the universal capitals to the optimal capital for the Dirichlet

A

SSOO _ G*
* 500

500

(&4, &, &) distribution together with the values of for the

respective three data sets of the DOSES market are listed in Table 5.10 for

comparison.
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Table 5.10: The comparison of the asymptotic behaviour of the ratio of the
universal capitals to the optimal capital for the Dirichlet (¢4, &, %)
distribution for the three data sets of the DOSES market in longer trading

period of 500 trading days

Cover and Ordentlich A S A
Universal Portfolio SS*OO -Gy SZOO -G, SiOO -G,
generated by Dirichlet S s00 S s00 ‘ S s00
(o4, 0, ;) Distribution ACD(D) ADN(D) SAM(D)
(0.3,0.4,0.6) 0.00016165 0.00005289 0.00001093
(0.4,0.6,0.9) 0.00014531 0.00008652 0.00000475
(0.5,0.5,0.5) 0.00022054 0.00008317 0.00008317
(0.5, 0.8, 0.6) 0.00013232 0.00011957 0.00000411
(0.6, 0.8, 0.8) 0.00009397 0.00015496 0.00000564
(0.2,0.9,0.7) 0.00005966 0.00005331 0.00000490
(0.8,0.4,0.5) 0.00030318 0.00008997 0.00001414
(0.8,1.0,0.3) 0.00017621 0.00008662 0.00001030
(0.7,0.2,0.3) 0.00023338 0.00002939 0.00001480
(0.8,0.9,0.7) 0.00007813 0.00020160 0.00001288
(1.0, 2.0, 1.0) 0.00004552 0.00035241 0.00002960
(2.0, 1.0, 1.0) 0.00034300 0.00040376 0.00009585
(1.0, 1.0, 2.0) 0.00002946 0.00008758 0.00002289
(1.0, 1.0, 1.0) 0.00011932 0.00028092 0.00004968
(3.0,2.0, 1.0) 0.00127101 0.00086410 0.00019655
(2.0, 3.0, 2.0) 0.00073664 0.00081570 0.00025250

From the above Table 5.10, for the three data sets of the DOSES
market i.e. ACD(D), ADN(D) and SAM(D) in a longer trading period of 500

trading days for the 16 selected values of the parametric vector (&, @,, @),

A

S . \
*~—G,| where G, =

n *
n‘]n

2 g(b))
1
2

the values of for some large n, here n = 500

are displayed to show the wvalidity of the asymptotic behaviour,

S, 2mgb))
S >
N VB

n

for large n. The empirical results here support the Laplace

approximation conjecture (5.25) for different @ values of the Dirichlet

(4, &y, ;) universal portfolios where there exist convergent positive
sequences {b}.
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5.5

Conclusion

% We began by discretizing and transforming the price relatives of stock

price data from the KLSE to a new set of data namely DOSES market
means Dominating Stock with Equal Subordinates. We model a real
3-stock market from KLSE as an approximate DOSES market by
transformation, i.e. the initial price relatives of each stock data set are
converted to a DOSES market by a discretization procedure, these price
relatives of the first DOSES market are scaled by appropriate constants
to become a second DOSES market where the ergodic structure of the

first market is preserved. The first approximation by a DOSES market

entails a problem in the sequence of maximizing vectors {b,} for the
optimal investment capitals, S’ where b, lie on the boundary of the

simplex of portfolio vectors, i.e. there is a zero component in b, . This

does not satisfy the regularity condition for a positive, convergent

sequence of {b’} to verify the asymptotic behaviour of %

n n

*+ We study the Laplace approximation conjecture of the general class of

the Dirichlet (&4, @,, @) distribution. Subject to certain regularity

}, the ratio of the universal

T,

conditions on the sequence {b;} and {

capital S ; (I;n) to the optimal capital S (b, ) is conjectured to have the

following asymptotic behavior:
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X/
°

X/
L X4

A A m-1
5,6, a0 (2—”)
5.0,) U

J,®,)

This Laplace approximation conjecture is due to Tan (2002a).

With MATLAB as the platform for the computation, we run the Cover-
Ordentlich algorithm in the DOSES market for 4 selected stock data
sets (where 1 data set consist of 330 trading days and 3 data sets
consist of 500 trading days) to calculate the universal capitals obtained

S,

and also the optimal capitals to study the asymptotic behavior of S

S %

for the general Dirichlet (¢, a,........ ,o, ) universal portfolio.

We used the transformed price relatives of stock price data from the
KLSE, i.e. different data sets of the DOSES market to calculate the
universal capitals obtained and also the optimal capitals to examine the

following asymptotic behaviour,

m—1

S, (m-1)! %j
s

n 2

S*

for the uniform Dirichlet (1, 1, 1) distribution, where ‘J n ‘ denotes the

determinant of J,. We observed that for the three-stock DOSES

A

S 4z
market where m = 3, the values of |- — 7| are small as n gets

"oplJt2?

n

bigger.
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R/
A X4

X/
L X4

The results of the values of the time-varying log-optimal portfolios b, ,

. N uL . . Y

where b, =—‘[I+Z%J—% >0, i=1,2,3; the ratios g” , the
n = "
S, . 2mg(b:

functions G, , and the values of [ F—G,| where G, = Ll”) and
" nJ:?

T,

denotes the determinant of J, for a sequence of trading days

obtained where the sequences {b} are positive, satisfying the

regularity conditions for Laplace approximation in (5.25). The

empirical results listed in the tables in this chapter tend to support the

A

n
*

asymptotic behaviour ~G, for large n.

n

We used different data sets of the transformed price relatives of three-
stock-price data from the KLSE, i.e. different data sets of the DOSES
market with MATLAB as the platform for the computation, to

calculate the universal capitals obtained and also the optimal capitals

for the general class of the Dirichlet (&, &%, %) distribution. The

A

5 ¢

*®

S 2mg; 27 g(b’
or S, _27sb,) 1") where G _27s®,)

* 1 n 1
S nlJ'|?

n %
0 nlJ, |?

values of for some

n

large n, where ‘J ; ‘ denotes the determinant of J, and

Iy ta,+..+,)
CT(a)T(a,)..I'(a,)

g(b)) (b)) (b)) (b))
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is the joint Dirichlet probability density function of the maximizing

vector b, = (bl* Dy s ,b;) are displayed to show the validity of the

S, 2mg,) .
.~ for large n. The empirical
JI|?

2
n

asymptotic behaviour,

n

n

results obtained support the Laplace approximation conjecture (5.25)

for different @ values of the Dirichlet (¢, &,, ;) universal portfolios

where there exist convergent positive sequences {b, }.
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Appendix 1

The Investment Capitals Achieved by Using the Cover and Ordentlich Universal Portfolio for Digi and LPI

Price Relative U.P. Generated by the Investment U.P. Generated by the Investment U.P. Generated by the Investment

No Date Dirichlet (0.4, 0.3) Dist. . Dirichlet (0.5, 0.7) Dist. . Dirichlet (2.0, 2.0) Dist. .

Capital Capital Capital
Digi LPI Digi LPI Digi LPI Digi LPI

1 27/10/2005 1.03 1.01 0.5714 0.4286 1.01980482 04167 0.5833 1.01617713 0.5000 0.5000 1.01813050
2 28/10/2005 1.01 1.01 0.5747 0.4253 1.02964799 0.4192 0.5808 1.02687929 0.5012 0.4988 1.02838133
3 31/10/2005 1.00 1.00 0.5739 0.4261 1.02964799 0.4186 0.5814 1.02687929 0.5009 0.4991 1.02838133
4 1/11/2005 1.00 1.00 0.5739 0.4261 1.02964799 0.4186 0.5814 1.02687929 0.5009 0.4991 1.02838133
5 2/11/2005 1.00 1.01 0.5739 0.4261 1.03527231 0.4186 0.5814 1.03453355 0.5009 0.4991 1.03496204
6 3/11/2005 1.00 1.00 0.5721 0.4279 1.03527231 0.4172 0.5828 1.03453355 0.5002 0.4998 1.03496204
7 4/11/2005 1.00 1.00 0.5721 0.4279 1.03527231 04172 0.5828 1.03453355 0.5002 0.4998 1.03496204
8 7/11/2005 1.04 1.00 0.5721 0.4279 1.05657737 04172 0.5828 1.05005851 0.5002 0.4998 1.05358518
9 8/11/2005 0.98 1.01 0.5772 0.4228 1.04680569 0.4211 0.5789 1.04478169 0.5020 0.4980 1.04598435
10 9/11/2005 0.99 1.01 0.5733 0.4267 1.04542501 0.4181 0.5819 1.04557800 0.5006 0.4994 1.04562351
11 10/11/2005 1.00 1.00 0.5713 0.4287 1.04542501 0.4166 0.5834 1.04557800 0.5000 0.5000 1.04562351
12 11/11/2005 1.02 1.01 0.5713 0.4287 1.06387855 0.4166 0.5834 1.06266625 0.5000 0.5000 1.06344959
13 14/11/2005 1.01 0.99 0.5725 0.4275 1.06942295 0.4175 0.5825 1.06486079 0.5004 0.4996 1.06743444
14 15/11/2005 1.05 0.99 0.5754 0.4246 1.09577838 0.4198 0.5802 1.08213387 0.5014 0.4986 1.08946438
15 16/11/2005 0.97 1.01 0.5830 0.4170 1.08217116 0.4257 0.5743 1.07423177 0.5040 0.4960 1.07873257
16 17/11/2005 0.99 1.01 0.5783 04217 1.08392530 0.4220 0.5780 1.07927296 0.5024 0.4976 1.08209059
17 18/11/2005 1.01 1.01 0.5755 0.4245 1.09817974 0.4198 0.5802 1.09339395 0.5014 0.4986 1.09628642
18 21/11/2005 1.00 1.01 0.5756 0.4244 1.10114855 0.4199 0.5801 1.09743399 0.5014 0.4986 1.09976768
19 22/11/2005 1.00 1.01 0.5747 0.4253 1.10413178 0.4192 0.5808 1.10149388 0.5011 0.4989 1.10326223
20 23/11/2005 1.00 1.01 0.5737 0.4263 1.10712952 0.4185 0.5815 1.10557370 0.5008 0.4992 1.10677010
21 24/11/2005 1.00 1.00 0.5728 0.4272 1.10712952 0.4178 0.5822 1.10557370 0.5005 0.4995 1.10677010
22 25/11/2005 1.00 1.00 0.5728 0.4272 1.10712952 0.4178 0.5822 1.10557370 0.5005 0.4995 1.10677010
23 28/11/2005 1.01 0.99 0.5728 0.4272 1.10834518 0.4178 0.5822 1.10455310 0.5005 0.4995 1.10694171
24 29/11/2005 0.99 1.01 0.5747 0.4253 1.10714848 0.4192 0.5808 1.10559863 0.5011 0.4989 1.10680771
25 30/11/2005 1.00 1.01 0.5728 0.4272 1.11016085 0.4178 0.5822 1.10969859 0.5005 0.4995 1.11032910
26 1/12/2005 1.00 1.02 0.5719 0.4281 1.11918446 0.4171 0.5829 1.12198076 0.5002 0.4998 1.12086649

156




Appendix 1 continued

U.P. Generated by the

U.P. Generated by the

U.P. Generated by the

Date Price Relative | 1y; 4 hlet (0.4, 0.3) Dist, | nvestment Dirichlet (0.5, 0.7) Dist. Investment || piihier (2.0, 2.0) Dist. Investment
— — Capital — Capital — Capital
Digi LPI Digi LPI Digi LPI Digi LPI

27 2/12/2005 1.00 101 0.5692 0.4308 1.12524914 0.4150 0.5850 1.13023672 0.4992 0.5008 1.12792674
28 5/12/2005 103 101 0.5674 0.4326 114509323 04136 0.5864 114668150 0.4986 0.5014 114626121
29 6/12/2005 1.00 1.02 0.5702 0.4298 1.15426295 0.4158 0.5842 1.15916373 0.4996 0.5004 1.15694925
30 7/12/2005 1.01 1.02 0.5676 0.4324 1.17179249 0.4138 0.5862 1.17774330 0.4987 0.5013 1.17495583
31 8/12/2005 101 0.99 0.5668 04332 117716015 04132 0.5868 1.17976465 04984 05016 117833950
P 9/12/2005 0.99 101 0.5695 0.4305 117907615 04152 0.5848 118501484 0.4993 0.5007 118227142
33 12/12/2005 1.00 1.00 0.5669 0.4331 1.17907615 0.4132 0.5868 1.18501484 0.4984 0.5016 1.18227142
34 13/12/2005 0.98 1.01 0.5669 0.4331 1.16958438 0.4132 0.5868 1.17997236 0.4984 0.5016 1.17475236
35 14/12/2005 101 101 0.5633 0.4367 117682093 04105 0.5895 118719801 04972 0.5028 118198851
36 15/12/2005 1.00 101 0.5633 0.4367 117987988 04105 0.5895 119136354 04972 0.5028 118552603
37 16/12/2005 1.00 1.01 0.5625 0.4375 1.18606256 0.4099 0.5901 1.19978318 0.4969 0.5031 1.19266894
38 19/12/2005 1.00 1.00 0.5607 0.4393 1.18606256 0.4086 0.5914 1.19978318 0.4963 0.5037 1.19266894
39 || 20/12/2005 1.00 101 0.5607 04393 118918235 0.4086 0.5014 120403213 0.4963 05037 119626616
40 || 21/12/2005 0.98 1.00 0.5599 0.4401 117662055 04079 05921 119476499 0.4960 0.5040 118507067
41 22/12/2005 0.97 0.99 0.5571 0.4429 1.15350079 0.4058 0.5942 1.17380079 0.4951 0.5049 1.16280685
42 23/12/2005 1.01 1.00 0.5550 0.4450 1.15774072 0.4043 0.5957 1.17694363 0.4944 0.5056 1.16661370
43 || 26/12/2005 1.00 1.00 0.5560 0.4440 115774072 0.4050 0.5950 117694363 0.4947 0.5053 116661370
44 || 277122005 101 1.00 0.5560 0.4440 116626647 0.4050 0.5950 118325736 0.4947 0.5053 117425743
45 28/12/2005 1.01 1.01 0.5579 0.4421 1.17364404 0.4065 0.5935 1.19065723 0.4953 0.5047 1.18165062
46 29/12/2005 1.01 1.01 0.5580 0.4420 1.18104052 0.4065 0.5935 1.19808287 0.4954 0.5046 1.18906554
47 || 30/12/2005 1.00 1.00 0.5580 0.4420 118104052 0.4066 0.5934 119808287 04954 0.5046 118906554
48 27172006 1.00 1.00 0.5580 0.4420 118104052 0.4066 0.5934 1.19808287 04954 0.5046 118906554
49 3/1/2006 0.99 1.01 0.5580 0.4420 1.17577381 0.4066 0.5934 1.19617346 0.4954 0.5046 1.18517237
50 4/1/2006 1.01 1.02 0.5553 0.4447 1.18952048 0.4045 0.5955 1.21226685 0.4944 0.5056 1.19987172
51 5/1/2006 101 1.00 05536 0.4464 119376894 04032 0.5968 121542053 0.4939 0.5061 120369473
) 6/1/2006 101 1.00 0.5545 0.4455 119801240 0.4039 0.5961 121856760 04942 0.5058 120750781
53 9/1/2006 1.02 1.00 0.5555 0.4445 1.21072794 0.4046 0.5954 1.22798920 0.4945 0.5055 1.21891758
54 10/1/2006 1.00 1.00 0.5582 0.4418 1.21072794 0.4067 0.5933 1.22798920 0.4954 0.5046 1.21891758
55 11/1/2006 1.00 0.99 0.5582 04418 120443515 04067 0.5933 121941775 04954 0.5046 121168215
56 12/1/2006 1.00 099 0.5599 0.4401 120128016 0.4080 0.5920 121512068 0.4960 0.5040 120804736
57 13/1/2006 0.99 1.00 0.5608 0.4392 1.19275268 0.4086 0.5914 1.20883523 0.4963 0.5037 1.20045754
58 16/1/2006 1.00 0.99 0.5589 0.4411 1.18962132 0.4072 0.5928 1.20457012 0.4957 0.5043 1.19685401
59 17/1/2006 0.99 099 0.5598 0.4402 118224384 04079 05921 119716972 0.4960 0.5040 118946081
60 18/1/2006 1.00 1.00 0.5598 0.4402 118224384 04079 05921 119716972 0.4960 0.5040 118946081
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Appendix 1 continued

U.P. Generated by the

U.P. Generated by the

U.P. Generated by the

No Date Price Relative | 1y, i hlet 0.4, 03) Dist, || Investment  } . hlet (0.5, 0.7) Dist. Investment | 1y, hlet (2.0, 2.0) Dist, || [mvestment
Capital Capital Capital
Digi LPI Digi LPI Digi LPI Digi LPI
61 19/1/2006 0.99 L0l 05598 0.4402 18113713 04079 05921 1.19831016 0.4960 0.5040 1.18929065
62 207112006 1.02 0.99 0.5579 0.4421 119082977 0.4065 03935 120351500 0.4954 0.5046 119715157
03 23/1/2006 0.99 101 0.5616 0.4384 118973372 0.4093 0.5907 1.20468645 0.4966 0.5034 119701699
64 24/1/2006 1.00 1.01 0.5598 0.4402 1.19288851 0.4079 0.5921 1.20898330 0.4960 0.5040 1.20065130
65 25/1/2006 0.99 1.00 0.5589 0.4411 1.18866849 0.4073 0.5927 1.20586704 0.4957 0.5043 1.19688445
66 26/1/2006 0.99 101 0.5580 0.4420 118763514 0.4066 0.5934 120707498 0.4954 0.5046 119677018
o7 277172006 1.00 1.00 0.5562 0.4438 118763514 04052 0.5948 120707498 0.4948 0.5052 119677018
68 30/1/2006 1.00 1.00 0.5562 0.4438 1.18763514 0.4052 0.5948 1.20707498 0.4948 0.5052 1.19677018
69 31/1/2006 1.00 1.00 0.5562 0.4438 1.18763514 0.4052 0.5948 1.20707498 0.4948 0.5052 1.19677018
70 17212006 1.00 1.00 0.5562 04438 118763514 0.4052 0.5948 120707498 0.4948 0.5052 119677018
71 21212006 1.00 1.00 0.5562 0.4438 118763514 04052 0.5948 120707498 0.4948 0.5052 119677018
72 3/2/2006 0.97 1.00 0.5562 0.4438 1.16673010 0.4052 0.5948 1.19159634 0.4948 0.5052 1.17803218
73 6/2/2006 1.01 0.99 0.5515 0.4485 1.17193536 0.4017 0.5983 1.19351836 0.4932 0.5068 1.18198024
74 71212006 101 0.99 0.5543 0.4457 117296079 0.4038 0.5962 119231479 0.4941 0.5059 118212415
75 8/2/2006 101 0.99 0.5561 0.4439 117083141 04051 0.5949 118631430 0.4947 0.5053 117863320
76 9/2/2006 1.01 1.01 0.5588 0.4412 1.18129815 0.4072 0.5928 1.19847242 0.4957 0.5043 1.18960340
77 10/2/2006 0.99 0.97 0.5580 0.4420 1.16399049 0.4065 0.5935 1.17749586 0.4954 0.5046 1.17077158
78 13/2/2006 1.00 1.00 0.5608 04392 1.16399049 0.4086 0.5914 117749536 0.4963 0.5037 117077158
79 141212006 1.00 1.00 0.5608 0.4392 1.16399049 0.4086 0.5914 117749536 0.4963 0.5037 117077158
80 15/2/2006 0.99 1.00 0.5608 0.4392 1.15985933 0.4086 0.5914 1.17445046 0.4963 0.5037 1.16709383
81 16/2/2006 1.04 0.98 0.5598 0.4402 1.17880972 0.4079 0.5921 1.18230499 0.4960 0.5040 1.18142923
82 17212006 101 0.99 0.5689 04311 1.18020595 0.4149 0.5851 1.17920680 04991 0.5000 118084223
83 20/2/2006 101 0.99 05725 04275 117759136 04176 0.5824 117298188 0.5004 0.4996 117649360
84 21/2/2006 1.00 1.01 0.5753 0.4247 1.18097039 0.4198 0.5802 1.17758045 0.5014 0.4986 1.18045733
85 22/2/2006 1.01 1.01 0.5744 0.4256 1.19237121 0.4190 0.5810 1.18801156 0.5010 0.4990 1.19140981
86 23/2/2006 1.04 0.99 0.5751 0.4249 121303008 0.4196 0.5304 120087457 05013 0.4987 120837796
87 247212006 0.99 101 0.5810 0.4190 120850201 0.4242 0.5758 119979113 0.5033 0.4967 120556025
88 27/2/2006 1.00 0.99 0.5784 0.4216 1.20166293 0.4222 0.5778 1.19048534 0.5024 0.4976 1.19750880
89 28/2/2006 1.00 1.01 0.5803 0.4197 1.20511708 0.4237 0.5763 1.19518478 0.5031 0.4969 1.20158427
90 17312006 0.08 101 0.5794 0.4206 1.19662032 0.4229 05771 119124405 0.5028 04972 119531987
o1 21372006 1.02 101 0.5759 0.4241 121211595 0.4202 0.5798 120470592 0.5016 0.4984 120085767
92 3/3/2006 0.90 1.00 0.5774 0.4226 1.14012951 04214 0.5786 1.15248965 0.5021 0.4979 1.14737545
93 6/3/2006 1.04 0.99 0.5617 0.4383 1.16100378 0.4095 0.5905 1.16571692 0.4967 0.5033 1.16503357
04 7732006 1.00 0.99 0.5681 04319 115752163 04143 0.5857 116097582 0.4989 05011 116097930
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Appendix 1 continued

U.P. Generated by the

U.P. Generated by the

U.P. Generated by the

No Date Price Relative | 1y, i hlet 0.4, 03) Dist, || Investment  } . hlet (0.5, 0.7) Dist. Investment | 1y, hlet (2.0, 2.0) Dist, || [mvestment
Capital Capital Capital
Digi LPI Digi LPI Digi LPI Digi LPI
95 8/3/2006 .00 1.00 0.5691 04300 1.15752163 04151 0.5849 1.16097582 04992 0.5008 1.16097930
% 9/3/2006 101 101 0.5691 0.4309 116505005 04151 0.5849 116868102 0.4992 0.5008 116860072
97 10/372006 102 101 0.5690 04310 118415149 04150 0.5850 118704860 0.4992 0.5008 1.18740025
98 13/3/2006 0.99 1.01 0.5696 0.4304 1.17956425 0.4155 0.5845 1.18589433 0.4994 0.5006 1.18436977
99 14/3/2006 1.01 1.00 0.5669 0.4331 1.18361687 0.4134 0.5866 1.18886561 0.4985 0.5015 1.18794774
100 || 15/3/2006 101 101 05678 04322 119114504 04141 0.5859 110658453 0.4988 0.5012 119557405
101 | 16/3/2006 101 1.00 0.5676 0.4324 119910433 0.4140 0.5360 120048172 0.4987 05013 120267239
102 17/3/2006 0.99 1.00 0.5693 0.4307 1.19520161 0.4153 0.5847 1.19956141 0.4993 0.5007 1.19916063
103 20/3/2006 1.01 0.99 0.5685 0.4315 1.19566610 0.4146 0.5854 1.19767778 0.4990 0.5010 1.19856592
104 || 21732006 .02 0.99 0.5703 04297 120807466 0.4160 0.5840 1.20451020 0.4997 0.5003 120843883
105 | 2232006 1.00 1.00 0.5747 04253 120807466 0.4104 0.5306 1.20451020 0.5012 0.4988 1.20843883
106 23/3/2006 1.02 0.99 0.5747 0.4253 1.21633958 0.4194 0.5806 1.20826354 0.5012 0.4988 1.21457563
107 24/3/2006 1.00 1.01 0.5781 0.4219 1.22351731 0.4220 0.5780 1.21803087 0.5024 0.4976 1.22302924
108 || 27372006 0.99 0.99 0.5761 0.4239 1.20853685 0.4205 0.5795 120263892 0.5017 0.4983 120782438
100 || 28372006 0.99 0.99 0.5764 0.4236 120109284 0.4208 0.5792 110499184 05018 0.4982 120026996
110 29/3/2006 0.99 0.99 0.5766 0.4234 1.18976005 0.4209 0.5791 1.18453600 0.5018 0.4982 1.18934014
111 30/3/2006 0.98 1.00 0.5760 0.4240 1.17801211 0.4204 0.5796 1.17599911 0.5016 0.4984 1.17911263
12 || 3132006 0.99 0.99 0.5735 0.4265 116664542 04185 05815 116552677 0.5008 0.4992 116814701
13 3472006 101 0.99 0.5728 04272 116713940 0.4180 0.5820 116371380 0.5005 0.4995 116756242
114 4/4/2006 1.03 1.00 0.5747 0.4253 1.18675051 0.4194 0.5806 1.17798367 0.5012 0.4988 1.18467164
115 5/4/2006 1.01 1.01 0.5788 04212 1.19412457 0.4226 0.5774 1.18553560 0.5026 0.4974 1.19214674
116 6/4/2006 1.04 0.99 0.5786 0.4214 1.22119219 0.4224 0.5776 1.20294829 0.5025 0.4975 1.21453616
7 77472006 1.00 101 0.5858 04142 122816982 0.4280 0.5720 121243892 0.5050 0.4950 122282783
118 10/4/2006 1.01 1.00 0.5838 0.4162 1.23196351 0.4265 0.5735 1.21517485 0.5044 0.4956 1.22609101
119 11/4/2006 1.00 1.00 0.5846 0.4154 1.23196351 0.4271 0.5729 1.21517485 0.5046 0.4954 1.22609101
120 | 12/4/2006 101 1.00 0.5846 0.4154 123575375 04271 0.5729 121790628 0.5046 0.4954 122934738
1210 || 13/42006 1.00 0.99 0.5853 04147 123226756 04277 0.5723 121316440 0.5049 04951 122520676
122 14/4/2006 0.99 1.00 0.5863 0.4137 1.22848515 0.4284 0.5716 1.21044322 0.5052 0.4948 1.22196591
123 17/4/2006 0.99 1.00 0.5855 0.4145 1.22469934 0.4278 0.5722 1.20771758 0.5050 0.4950 1.21871830
124 || 18/4/2006 1.03 0.08 0.5848 04152 1.23300665 04272 0.5728 120708296 0.5047 0.4953 122250129
125 | 19/42006 102 101 0.5914 0.4086 124779067 04325 0.5675 121983866 0.5070 0.4930 1.23619361
126 20/4/2006 1.00 1.00 0.5926 0.4074 1.24779067 0.4334 0.5666 1.21983866 0.5074 0.4926 1.23619361
127 21/4/2006 1.04 1.02 0.5926 0.4074 1.28431841 0.4334 0.5666 1.25273539 0.5074 0.4926 1.27085732
128 || 24/472006 1.05 0.99 0.5946 0.4054 131748364 04350 0.5650 127411852 0.5082 04918 129765271
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Appendix 1 continued

U.P. Generated by the

U.P. Generated by the

U.P. Generated by the

No Date Price Relative | 1y 4 hlet 0.4,0.3) Dist. | 1nvestment || it bier (0.5, 0.7) Dist. Investment || 1y ohlet (2.0, 2.0) Dist, || mvestment
Capital Capital Capital
Digi LPI Digi LPI Digi LPI Digi LPI
129 25/4/2006 .00 L0l 0.6021 03979 132107912 04410 0.5590 1.27899658 05108 04892 1.30200042
130 || 26/4/2006 104 1.00 0.6012 0.3988 135022324 0.4403 0.5507 129966052 0.5105 0.4895 132639174
131 27/4/2006 0.97 1.00 0.6062 0.3938 1.32849356 0.4443 0.5557 1.28432963 0.5123 0.4877 1.30835196
132 28/4/2006 1.00 1.01 0.6024 0.3976 1.33213612 0.4413 0.5587 1.28927835 0.5109 0.4891 1.31276473
133 1/5/2006 1.00 1.00 0.6015 0.3985 133213612 0.4405 0.5595 128927835 0.5106 0.4304 131276473
134 21512006 101 0.99 0.6015 0.3985 133565371 0.4405 0.5505 1.28940878 0.5106 0.4304 131434920
135 3/5/2006 0.99 1.00 0.6037 0.3963 1.32851837 0.4423 0.5577 1.28436191 0.5114 0.4886 1.30840099
136 4/5/2006 1.02 1.01 0.6024 0.3976 1.34620199 0.4413 0.5587 1.29925427 0.5109 0.4891 1.32454244
137 5/5/2006 0.97 0.99 0.6039 0.3961 131451637 0.4425 0.5575 1.27446906 05115 0.4385 120674946
138 8/5/2006 .02 101 0.5999 0.4001 1.33195404 0.4393 0.5607 128918601 05101 0.4899 131270497
139 9/5/2006 0.98 0.99 0.6014 0.3986 1.31364404 0.4405 0.5595 1.27385935 0.5106 0.4894 1.29603627
140 10/5/2006 1.01 1.01 0.5998 0.4002 1.32820953 0.4392 0.5608 1.28887426 0.5100 0.4900 1.31091301
141 || 11/5/2006 0.99 101 0.5992 0.4008 132446217 0.4387 0.5613 128856022 0.5008 0.4902 1.30009662
122 || 12/52006 1.00 1.00 0.5969 04031 132446217 0.4369 0.5631 1.28856022 0.5000 0.4910 1.30009662
143 15/5/2006 0.96 0.99 0.5969 0.4031 1.29099637 0.4369 0.5631 1.26238018 0.5090 0.4910 1.27957984
144 16/5/2006 0.99 0.99 0.5925 0.4075 1.27991857 0.4334 0.5666 1.25215072 0.5074 0.4926 1.26892660
125 || 17/5/2006 101 1.00 0.5920 0.4080 128742110 0.4330 0.5670 125751907 05073 04927 127520966
126 || 18/52006 0.99 0.99 0.5934 0.4066 127627170 0.4341 0.5659 124723998 05078 04922 126458865
147 19/5/2006 1.01 1.00 0.5930 0.4070 1.28383987 0.4338 0.5662 1.25265020 0.5076 0.4924 1.27100771
148 22/5/2006 0.99 0.98 0.5944 0.4056 1.26551058 0.4349 0.5651 1.23261059 0.5081 0.4919 1.25167827
129 || 23/5/2006 101 101 0.5959 0.4041 127287610 04361 0.5639 124017238 0.5086 04914 1.25917840
150 || 24/5/2006 101 101 0.5957 0.4043 1.28403234 0.4359 0.5641 1.25043649 0.5085 0.4915 126987932
151 25/5/2006 1.00 1.01 0.5961 0.4039 1.29123562 0.4362 0.5638 1.26022745 0.5087 0.4913 1.27854453
152 26/5/2006 1.01 1.01 0.5941 0.4059 1.30611000 0.4347 0.5653 1.27554599 0.5080 0.4920 1.29371191
153 || 29/52006 1.00 0.99 0.5936 0.4064 130247427 04343 0.5657 127060327 05078 04922 1.28935061
154 || 30552006 101 0.99 0.5946 0.4054 130639918 0.4350 0.5650 127103713 0.5082 04918 129137015
155 31/5/2006 0.98 1.01 0.5969 0.4031 1.29862229 0.4369 0.5631 1.27026454 0.5090 0.4910 1.28747536
156 1/6/2006 1.01 1.01 0.5922 0.4078 1.30983952 0.4331 0.5669 1.28065915 0.5073 0.4927 1.29828386
157 2162006 .02 101 0.5926 0.4074 132847219 04335 0.5665 120637304 0.5075 0.4925 131530428
158 5/6/2006 1.00 1.00 0.5943 0.4057 132847219 0.4343 0.5652 120637304 0.5081 04919 131530428
159 6/6/2006 0.99 1.00 0.5943 0.4057 1.32088077 0.4348 0.5652 1.29095290 0.5081 0.4919 1.30896827
160 7/6/2006 1.00 0.99 0.5929 0.4071 1.31714684 0.4337 0.5663 1.28587644 0.5076 0.4924 1.30449216
161 8/6/2006 1.01 101 0.5939 0.4061 1.32850845 04345 0.5655 120642178 0.5079 04921 131544552
162 9/6/2006 101 1.00 0.5043 0.4057 133617369 0.4343 0.5652 130189468 0.5081 04919 132193414
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Appendix 1 continued

U.P. Generated by the

U.P. Generated by the

U.P. Generated by the

No Date Price Relative | 1y 4 hlet 0.4,0.3) Dist. | 1nvestment || it bier (0.5, 0.7) Dist. Investment || 1y ohlet (2.0, 2.0) Dist, || mvestment
Capital Capital Capital
Digi LPI Digi LPI Digi LPI Digi LPI
163 12/6/2006 .00 0.99 05957 0.4043 1.33242175 04359 0.5641 1.29679470 0.5085 04915 131742253
164 || 13/6/2006 0.99 1.00 0.5966 0.4034 132470364 04367 0.5633 120129677 0.5089 04911 131091354
165 14/6/2006 1.00 1.01 0.5953 0.4047 1.32847944 0.4356 0.5644 1.29642932 0.5084 0.4916 1.31545184
166 15/6/2006 0.98 0.99 0.5943 0.4057 1.30536031 0.4348 0.5652 1.27748930 0.5081 0.4919 1.29454602
167 | 16/6/2006 1.00 1.01 0.5918 0.4082 131281353 04328 0.5672 128762321 05072 0.4928 130346902
168 || 19/622006 0.99 0.99 0.5898 04102 130520866 04313 0.5687 127978226 0.5065 0.4935 120571505
169 20/6/2006 1.00 1.01 0.5901 0.4099 1.30892437 0.4315 0.5685 1.28483497 0.5066 0.4934 1.30015496
170 21/6/2006 1.01 1.01 0.5891 0.4109 1.32048755 0.4307 0.5693 1.29553259 0.5062 0.4938 1.31129511
71 || 22/6/2006 1.00 1.00 0.5895 0.4105 1.32048755 04311 0.5689 1.29553259 0.5064 0.4936 131120511
72 | 2362006 1.03 1.00 0.5895 0.4105 134004692 04311 0.5689 130956302 0.5064 0.4936 132797891
173 26/6/2006 1.01 0.99 0.5930 0.4070 1.34407697 0.4338 0.5662 1.31002046 0.5076 0.4924 1.33007835
174 27/6/2006 1.02 1.00 0.5954 0.4046 1.35976800 0.4357 0.5643 1.32121208 0.5085 0.4915 1.34333874
175 || 28/6/2006 101 1.00 0.5981 0.4019 136766407 0.4379 0.5621 132682883 0.5004 0.4906 1.34998266
176 || 29/6/2006 .02 1.02 0.5995 0.4005 130461431 0.4390 0.5610 135332410 0.5099 0.4901 1.37678302
177 30/6/2006 1.02 1.01 0.5992 0.4008 1.41401148 0.4388 0.5612 1.36955520 0.5098 0.4902 1.39446283
178 3/7/2006 1.01 1.02 0.6009 0.3991 1.43316918 0.4401 0.5599 1.39052411 0.5104 0.4896 1.41473858
179 47772006 1.00 101 0.5994 0.4006 1.44072336 0.4389 05611 1.40079040 0.5009 0.4901 142386234
130 5/7/2006 0.99 0.99 0.5975 0.4025 1.42920292 04374 0.5626 139015301 0.5002 0.4908 1.41279260
181 6/7/2006 1.01 1.01 0.5972 0.4028 1.44082072 0.4371 0.5629 1.40087593 0.5091 0.4909 1.42395398
182 7/7/2006 1.02 0.99 0.5976 0.4024 1.45265975 0.4374 0.5626 1.40683261 0.5092 0.4908 1.43254004
183 || 101772006 0.99 0.99 0.6010 0.3990 143723822 0.4402 0.5598 130094078 0.5104 0.4396 141678347
184 | 117772006 1.00 1.00 0.6016 0.3984 143723822 0.4407 0.5503 130094078 05107 0.4303 141678347
185 12/7/2006 1.01 1.01 0.6016 0.3984 1.44891591 0.4407 0.5593 1.40169966 0.5107 0.4893 1.42798262
186 13/7/2006 1.00 1.00 0.6019 0.3981 1.44891591 0.4409 0.5591 1.40169966 0.5108 0.4892 1.42798262
187 || 147772006 101 1.00 0.6019 0.3981 1.45684450 0.4409 0.5501 140731848 0.5108 04892 1.43461341
188 || 17/772006 1.00 0.99 0.6032 0.3968 1.45299075 0.4420 0.5580 140208288 05112 0.4388 1.42993879
189 18/7/2006 1.01 1.01 0.6041 0.3959 1.46869143 0.4427 0.5573 1.41821388 0.5116 0.4884 1.44596377
190 19/7/2006 1.01 0.99 0.6035 0.3965 1.47289351 0.4422 0.5578 1.41867686 0.5114 0.4886 1.44800630
191 || 207772006 1.03 101 0.6057 0.3043 1.50063668 0.4440 0.5560 144077266 05121 0.4879 147254825
192 | 21772006 1.05 101 0.6085 0.3915 1.55484766 0.4462 0.5538 148403111 05131 0.4369 1.52046452
193 24/7/2006 1.03 1.01 0.6135 0.3865 1.58264920 0.4503 0.5497 1.50610581 0.5149 0.4851 1.54489024
194 25/7/2006 1.00 1.01 0.6160 0.3840 1.58662121 0.4524 0.5476 1.51149631 0.5158 0.4842 1.54977895
195 || 26/772006 1.00 1.00 0.6151 0.3849 158662121 04517 0.5483 151149631 05155 04845 1.54977895
196 | 277772006 1.03 1.00 0.6151 0.3849 161838421 04517 0.5483 1.53406441 05155 0.4845 1.57619007
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Appendix 1 continued

U.P. Generated by the

U.P. Generated by the

U.P. Generated by the

No Date Price Relative | 1y 4 hlet 0.4,0.3) Dist. | 1nvestment || it bier (0.5, 0.7) Dist. Investment || 1y ohlet (2.0, 2.0) Dist, || mvestment
Capital Capital Capital
Digi LPI Digi LPI Digi LPI Digi LPI
197 28/7/2006 0.98 L2 0.619% 0.3804 161470378 04553 0.5447 1.53907460 05171 04829 1.57786960
198 | 311772006 0.99 101 0.6147 0.3853 161455996 0.4513 0.5487 154418461 0.5154 0.4846 1:58099969
199 1/8/2006 1.00 1.00 0.6118 0.3882 1.61455996 0.4490 0.5510 1.54418461 0.5143 0.4857 1.58099969
200 2/8/2006 0.98 0.99 0.6118 0.3882 1.59426572 0.4490 0.5510 1.52733977 0.5143 0.4857 1.56269938
201 3/3/2006 1.00 101 0.6104 0.3896 1.60249282 04478 0.5522 153851038 05138 04362 1.57276248
202 | 4/8/2006 1.00 0.99 0.6086 03914 1.50836601 0.4463 0.5537 153200623 0.5132 0.4863 1.56772506
203 7/8/2006 1.01 0.99 0.6095 0.3905 1.60231045 0.4471 0.5529 1.53299379 0.5135 0.4865 1.56936010
204 8/8/2006 1.00 0.99 0.6115 0.3885 1.59821539 0.4487 0.5513 1.52743411 0.5142 0.4858 1.56434460
205 9/3/2006 .02 1.00 0.6124 0.3876 1.61430549 0.4495 0.5505 153907084 0.5146 0.4854 1.57798765
206 | 10782006 .02 1.00 0.6143 0.3852 1.63135077 04514 0.5486 1.55064950 0.5154 0.4846 1.50154232
207 11/8/2006 0.99 1.00 0.6170 0.3830 1.62303181 0.4533 0.5467 1.54484087 0.5162 0.4838 1.58475243
208 14/8/2006 1.00 1.00 0.6159 0.3841 1.62303181 0.4523 0.5477 1.54484087 0.5158 0.4842 1.58475243
200 | 15/8/2006 0.99 0.99 0.6159 0.3841 1.61060027 04523 0.5477 153345154 05158 0.4842 1.57280237
210 | 16/8/2006 101 1.00 0.6156 0.3844 161893272 04521 0.5479 153927763 05157 04843 1.57970884
211 17/8/2006 1.00 1.00 0.6168 0.3832 1.61893272 0.4531 0.5469 1.53927763 0.5161 0.4839 1.57970884
212 18/8/2006 0.99 1.01 0.6168 0.3832 1.61462296 0.4531 0.5469 1.53895586 0.5161 0.4839 1.57788608
213 | 21/82006 101 1.00 0.6147 0.3853 1.62303452 04514 0.5486 1.54434266 0.5154 0.4846 1.58477773
214 | 2282006 0.99 1.00 0.6159 0.3841 161463435 04523 0.5477 1.53897062 05158 0.4842 157790855
215 23/8/2006 0.99 1.00 0.6147 0.3853 1.60622274 0.4514 0.5486 1.53308377 0.5154 0.4846 1.57101680
216 24/8/2006 1.00 1.01 0.6136 0.3864 1.61438994 0.4504 0.5496 1.54417016 0.5150 0.4850 1.58104323
217 | 25/82006 1.00 1.00 0.6118 0.3882 1.61438994 0.4489 0.5511 1.54417016 05143 04857 1.58104323
218 || 28/8/2006 1.00 101 0.6113 0.3882 1.61845903 0.4489 0.5511 1.54969572 0.5143 0.4857 1.58602960
219 29/8/2006 1.00 1.01 0.6109 0.3891 1.62658648 0.4482 0.5518 1.56072944 0.5140 0.4860 1.59597585
220 30/8/2006 1.00 1.01 0.6091 0.3909 1.63063654 0.4468 0.5532 1.56622917 0.5133 0.4867 1.60092291
221 | 31/82006 1.00 1.00 0.6082 03918 1.63063654 0.4460 0.5540 156622917 0.5130 0.4870 160092291
%) 1/9/2006 0.99 101 0.6082 03918 1.62627535 0.4460 0.5540 1.56580003 0.5130 0.4870 1.50889675
223 4/9/2006 0.99 1.00 0.6061 0.3939 1.61777747 0.4444 0.5556 1.55980172 0.5123 0.4877 1.59183554
224 5/9/2006 1.01 1.00 0.6049 0.3951 1.62628749 0.4434 0.5566 1.56581580 0.5119 0.4881 1.59892073
225 6/9/2006 101 0.99 0.6061 0.3939 1.63075696 0.4444 0.5556 1.56634246 05123 04877 1.60107759
226 7192006 101 0.99 0.6082 03918 1.63521503 0.4461 0.5539 1.56685700 0.5130 0.4870 1.60319455
227 8/9/2006 1.01 1.00 0.6103 0.3897 1.64360176 0.4477 0.5523 1.57275214 0.5138 0.4862 1.61011619
228 11/9/2006 1.00 1.01 0.6114 0.3886 1.64764396 0.4487 0.5513 1.57824015 0.5142 0.4858 1.61506691
220 | 12/92006 0.99 1.00 0.6105 0.3895 1.63933018 0.4480 0.5520 157239730 0.5139 0.4861 1.60820790
230 | 1392006 1.00 101 0.6004 0.3906 1.64340867 0.4470 0.5530 157793552 0.5135 0.4365 161319170
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Appendix 1 continued

U.P. Generated by the

U.P. Generated by the

U.P. Generated by the

No Date Price Relative | 1y 4 hlet 0.4,0.3) Dist. | 1nvestment || it bier (0.5, 0.7) Dist. Investment || 1y ohlet (2.0, 2.0) Dist, || mvestment
Capital Capital Capital
Digi LPI Digi LPI Digi LPI Digi LPI
231 14/9/2006 L0l .00 0.6085 03915 165174238 04463 05537 1.58380421 05131 04869 1.62009003
232 | 1592006 0.99 1.00 0.6097 0.3903 164341903 0.4472 05528 157795012 05136 0.4364 161321392
233 18/9/2006 1.00 1.01 0.6085 0.3915 1.64746628 0.4463 0.5537 1.58344509 0.5131 0.4869 1.61815356
234 19/9/2006 1.00 1.01 0.6076 0.3924 1.65150620 0.4456 0.5544 1.58893171 0.5128 0.4872 1.62308052
2% | 2092006 1.00 1.03 0.6068 0.3932 1.66774126 0.4449 0.5551 1.61098213 05125 04875 1.64236096
236 | 21/92006 1.00 101 0.6033 0.3967 1.67575977 0.4421 0.5579 162187583 05113 0.4887 1.65250287
237 22/9/2006 1.00 1.01 0.6017 0.3983 1.68375414 0.4408 0.5592 1.63273813 0.5107 0.4893 1.66227707
238 25/9/2006 1.01 1.00 0.6000 0.4000 1.69224350 0.4394 0.5606 1.63876737 0.5101 0.4899 1.66940246
239 | 26/972006 .02 101 0.6012 0.3988 171324017 0.4404 0.5596 1.65628679 0.5105 0.4895 1.68849977
240 | 27/972006 0.99 1.00 0.6026 0.3974 170477738 04416 0.5584 165020213 05110 0.4890 1.68142690
241 28/9/2006 1.00 1.01 0.6015 0.3985 1.70887003 0.4406 0.5594 1.65585307 0.5106 0.4894 1.68638378
242 29/9/2006 1.02 1.01 0.6006 0.3994 1.72969588 0.4400 0.5600 1.67331902 0.5103 0.4897 1.70538215
243 | 2102006 1.06 101 0.6021 0.3979 179313266 04411 0.5589 172099222 05108 04802 176001649
244 | 37102006 0.8 1.00 0.6089 03911 176793589 0.4466 0.5534 170325350 0.5133 0.4867 173916888
245 4/10/2006 1.01 1.01 0.6057 0.3943 1.78065933 0.4440 0.5560 1.71499495 0.5121 0.4879 1.75138011
246 5/10/2006 0.99 1.01 0.6059 0.3941 1.77641649 0.4442 0.5558 1.71477274 0.5122 0.4878 1.74949394
247 | 67102006 0.08 101 0.6040 0.3960 176367556 0.4427 0.5573 170855160 05115 0.4885 174049998
248 | 97102006 0.99 0.99 0.6009 0.3991 175093128 0.4402 0.5508 1.69673817 0.5104 0.4896 172822856
249 10/10/2006 1.01 1.01 0.6006 0.3994 1.76360838 0.4400 0.5600 1.70850431 0.5103 0.4897 1.74044441
250 11/10/2006 1.01 1.00 0.6009 0.3991 1.77201892 0.4402 0.5598 1.71447289 0.5104 0.4896 1.74749486
251 | 12/10/2006 0.99 1.00 0.6020 0.3980 176327515 04411 0.5589 170827461 0.5108 04802 174017811
252 | 13/10/2006 1.00 101 0.6008 0.3992 176756678 0.4401 0.5599 171410630 0.5104 0.4396 174537314
253 16/10/2006 1.00 1.00 0.6000 0.4000 1.76756678 0.4395 0.5605 1.71410630 0.5101 0.4899 1.74537314
254 17/10/2006 1.02 1.00 0.6000 0.4000 1.78524213 0.4395 0.5605 1.72666088 0.5101 0.4899 1.76021172
255 || 18/10/2006 1.00 1.00 0.6023 03977 178524213 04413 0.5587 172666088 0.5100 04301 176021172
256 | 19/10/2006 101 1.00 0.6023 03977 179398402 0.4413 0.5587 173285599 0.5109 0.4891 176752338
257 20/10/2006 1.00 1.01 0.6034 0.3966 1.79829576 0.4422 0.5578 1.73871385 0.5113 0.4887 1.77275817
258 23/10/2006 1.00 1.00 0.6026 0.3974 1.79829576 0.4415 0.5585 1.73871385 0.5110 0.4890 1.77275817
250 | 24/10/2006 1.00 1.00 0.6026 0.3974 179820576 04415 0.5585 173871385 05110 0.4890 177275817
260 | 25/10/2006 1.00 1.00 0.6026 0.3974 179820576 04415 0.5585 173871385 05110 0.4890 177275817
261 26/10/2006 0.98 1.00 0.6026 0.3974 1.77207890 0.4415 0.5585 1.72014000 0.5110 0.4890 1.75084061
262 27/10/2006 0.99 1.01 0.5992 0.4008 1.77186218 0.4388 0.5612 1.72553275 0.5098 0.4902 1.75380426
263 | 3071072006 0.99 101 0.5963 0.4037 177157264 0.4365 0.5635 173083069 0.5088 0.4912 175662391
264 | 3171012006 1.00 101 0.5935 0.4065 178004569 0.4343 0.5657 174235057 05078 04922 176679607
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Appendix 1 continued

U.P. Generated by the

U.P. Generated by the

U.P. Generated by the

No Date Price Relative | 1y 4 hlet 0.4,0.3) Dist. | 1nvestment || it bier (0.5, 0.7) Dist. Investment || 1y ohlet (2.0, 2.0) Dist, || mvestment
Capital Capital Capital
Digi LPI Digi LPI Digi LPI Digi LPI
265 1/11/2006 L0l L0l 05918 0.4082 1.79322034 04330 0.5670 1.75452119 05072 04928 1.77948199
266 || 2/11/2006 102 1.00 0.5922 04078 181122083 04333 0.3667 176740504 05073 0.4927 179478354
267 3/11/2006 1.00 1.02 0.5945 0.4055 1.82849988 0.4351 0.5649 1.79089570 0.5082 0.4918 1.81555355
268 6/11/2006 0.99 1.02 0.5913 0.4087 1.83229792 0.4325 0.5675 1.80195439 0.5070 0.4930 1.82327368
269 || 771172006 101 1.03 0.5876 0.4124 1.86725930 0.4207 0.5703 1.84360753 0.5057 0.4943 186187712
270 | 8112006 1.00 1.00 0.5841 04159 1.86725939 0.4269 05731 1.84360753 0.5045 04955 1.86187712
271 9/11/2006 1.03 0.99 0.5841 0.4159 1.89960387 0.4269 0.5731 1.86419160 0.5045 0.4955 1.88832417
272 10/11/2006 0.99 1.00 0.5895 0.4105 1.89049892 0.4312 0.5688 1.85765644 0.5064 0.4936 1.88054967
273 | 1371172006 101 1.00 0.5884 04116 1.89969103 0.4303 0.5607 1.86426236 0.5060 0.4940 1.88841381
274 | 1471172006 0.99 1.00 0.5896 0.4104 1.80051179 04312 0.5688 1.85767326 0.5064 0.4936 1.88057516
275 15/11/2006 1.02 0.99 0.5884 04116 1.91374378 0.4303 0.5697 1.87157865 0.5060 0.4940 1.89897795
276 16/11/2006 1.05 0.99 0.5926 0.4074 1.95986370 0.4336 0.5664 1.89893965 0.5075 0.4925 1.93510193
277 | 1771172006 1.02 1.02 0.6000 0.3991 2.00481781 0.4402 0.5598 1.94238966 0.5104 0.4896 1.97942687
278 | 2011172006 1.00 1.00 0.6009 0.3991 2.00481781 0.4402 0.5508 1.04238966 0.5104 0.4896 1.97942687
279 21/11/2006 0.99 1.01 0.6009 0.3991 2.00025479 0.4402 0.5598 1.94206824 0.5104 0.4896 1.97727423
280 22/11/2006 1.02 0.99 0.5991 0.4009 2.02300829 0.4388 0.5612 1.95534579 0.5098 0.4902 1.99476771
281 | 23/11/2006 1.00 1.01 0.6030 0.3970 202752038 0.4419 0.5581 1.96147626 05112 0.4388 2.00024571
282 | 247112006 1.00 1.00 0.6022 0.3978 202752038 04413 0.5587 1.96147626 0.5100 04301 2.00024571
283 27/11/2006 1.00 1.01 0.6022 0.3978 2.03653189 0.4413 0.5587 1.97372073 0.5109 0.4891 2.01117665
284 28/11/2006 1.01 0.99 0.6007 0.3993 2.04109976 0.4401 0.5599 1.97404837 0.5103 0.4897 2.01333883
285 | 297112006 1.00 1.00 0.6025 0.3975 2.04109976 0.4415 0.5585 1.97404837 0.5110 0.4890 201333883
286 | 3071172006 1.00 1.00 0.6025 0.3975 2.04109976 0.4415 0.5585 1.97404837 0.5110 0.4890 201333883
287 1/12/2006 1.03 1.01 0.6025 0.3975 2.08179994 0.4415 0.5585 2.00584134 0.5110 0.4890 2.04909780
288 4/12/2006 1.06 0.99 0.6057 0.3943 2.15830381 0.4441 0.5559 2.05691701 0.5122 0.4878 2.11100951
289 | 5/12/2006 0.08 1.00 0.6151 0.3849 2.13157431 04518 0.5482 2.03820608 0.5155 0.4845 2.08009749
200 | 6/12/2006 0.08 0.99 0.6123 03877 2.10032176 0.4495 0.5505 2.01324023 0.5145 0.4855 2.06149506
291 7/12/2006 0.97 1.01 0.6102 0.3898 2.06931965 0.4478 0.5522 1.99444264 0.5138 0.4862 2.03770565
292 8/12/2006 1.02 1.00 0.6055 0.3945 2.09617019 0.4440 0.5560 2.01341881 0.5121 0.4879 2.06006619
293 | 117122006 .02 0.99 0.6085 0.3915 2.11380891 0.4464 0.5536 2.01988966 0.5131 0.4869 2.07109960
204 | 127122006 101 1.00 0.6129 03871 212268230 0.4500 0.5500 2.02611536 0.5147 04853 2.07840145
295 13/12/2006 1.02 0.98 0.6138 0.3862 2.13074808 0.4508 0.5492 2.01960633 0.5151 0.4849 2.07747248
296 14/12/2006 1.01 1.19 0.6197 0.3803 2.30374890 0.4556 0.5444 2.24271828 0.5172 0.4828 2.28414906
297 | 15/12/2006 102 1.03 05972 0.4028 235754552 04375 0.5625 220841841 0.5001 0.4909 233035647
208 | 187122006 1.04 1.00 0.5959 0.4041 242058202 0.4364 0.5636 234343125 0.5087 04913 239275461
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Appendix 1 continued

Price Relative

U.P. Generated by the

Investment

U.P. Generated by the

Investment

U.P. Generated by the

Investment

No Date Dirichlet (0.4, 0.3) Dist. . Dirichlet (0.5, 0.7) Dist. . Dirichlet (2.0, 2.0) Dist. .
Capital Capital Capital
Digi LPI Digi LPI Digi LPI Digi LPI

299 19/12/2006 0.96 0.97 0.6020 0.3980 2.33957432 0.4414 0.5586 2.26816745 0.5109 0.4891 2.31450953
300 20/12/2006 0.96 0.99 0.6008 0.3992 2.27226047 0.4404 0.5596 2.21681148 0.5104 0.4896 2.25590916
301 21/12/2006 1.01 1.03 0.5953 0.4047 2.30804721 0.4360 0.5640 2.25972745 0.5085 0.4915 2.29587680
302 22/12/2006 0.99 0.99 0.5922 0.4078 2.28483268 0.4335 0.5665 2.23964834 0.5074 0.4926 2.27422338
303 25/12/2006 1.00 1.00 0.5911 0.4089 2.28483268 0.4327 0.5673 2.23964834 0.5070 0.4930 2.27422338
304 26/12/2006 1.00 1.03 0.5911 0.4089 2.31152423 0.4327 0.5673 2.27595000 0.5070 0.4930 2.30625652
305 27/12/2006 1.03 1.02 0.5871 0.4129 2.36362155 0.4296 0.5704 2.32365912 0.5056 0.4944 2.35635482
306 28/12/2006 1.03 1.01 0.5885 04115 2.40503854 0.4307 0.5693 2.35684109 0.5061 0.4939 2.39365513
307 29/12/2006 0.96 1.01 0.5914 0.4086 2.36165134 0.4329 0.5671 2.33254500 0.5071 0.4929 2.36031490
308 1/1/2007 1.00 1.00 0.5844 0.4156 2.36165134 0.4274 0.5726 2.33254500 0.5046 0.4954 2.36031490
309 2/1/2007 1.00 1.00 0.5844 0.4156 2.36165134 0.4274 0.5726 2.33254500 0.5046 0.4954 2.36031490
310 3/1/2007 1.05 1.01 0.5844 0.4156 2.44472955 0.4274 0.5726 2.39922456 0.5046 0.4954 2.43544341
311 4/1/2007 1.00 1.01 0.5901 0.4099 2.45495415 0.4319 0.5681 241313167 0.5067 0.4933 2.44770341
312 5/1/2007 1.00 1.02 0.5887 0.4113 2.47535265 0.4308 0.5692 2.44087964 0.5062 0.4938 2.47212292
313 8/1/2007 0.98 1.03 0.5859 0.4141 2.47894616 0.4286 0.5714 2.46293490 0.5052 0.4948 2.48533159
314 9/1/2007 0.97 1.00 0.5790 0.4210 2.44283556 0.4233 0.5767 2.43670837 0.5028 0.4972 2.45389583
315 10/1/2007 1.00 0.99 0.5754 0.4246 2.43286204 0.4205 0.5795 2.42312990 0.5015 0.4985 2.44213387
316 11/1/2007 1.00 1.01 0.5768 0.4232 2.44295665 0.4215 0.5785 2.43687211 0.5020 0.4980 2.45405745
317 12/1/2007 1.03 1.00 0.5754 0.4246 2.47923085 0.4205 0.5795 2.46331320 0.5015 0.4985 2.48581802
318 15/1/2007 1.01 1.00 0.5790 0.4210 2.48831640 0.4233 0.5767 246991225 0.5028 0.4972 2.49372817
319 16/1/2007 0.99 1.00 0.5799 0.4201 2.47027869 0.4240 0.5760 2.45682264 0.5031 0.4969 2.47804611
320 17/1/2007 0.99 1.00 0.5781 0.4219 2.46118238 0.4226 0.5774 2.45020990 0.5025 0.4975 2.47011539
321 18/1/2007 1.02 1.04 0.5772 0.4228 2.52971245 0.4219 0.5781 2.52618863 0.5021 0.4979 2.54267181
322 19/1/2007 1.01 0.99 0.5744 0.4256 2.52871296 0.4197 0.5803 2.51897990 0.5012 0.4988 2.53870832
323 22/1/2007 0.99 1.03 0.5767 0.4233 2.54113525 0.4214 0.5786 2.54758107 0.5020 0.4980 2.55905102
324 23/1/2007 0.99 1.02 0.5708 0.4292 2.54292940 0.4169 0.5831 2.56172977 0.4999 0.5001 2.56657128
325 24/1/2007 1.00 1.02 0.5662 0.4338 2.56335622 0.4135 0.5865 2.58955462 0.4983 0.5017 2.59041497
326 25/1/2007 0.99 1.00 0.5636 0.4364 2.55409555 04115 0.5885 2.58272456 0.4974 0.5026 2.58215517
327 26/1/2007 0.99 0.98 0.5627 0.4373 2.52445443 0.4108 0.5892 2.54816564 0.4971 0.5029 2.55020992
328 29/1/2007 1.01 0.99 0.5644 0.4356 2.52361635 0.4120 0.5880 2.54123871 0.4977 0.5023 2.54669933
329 30/1/2007 0.99 1.00 0.5666 0.4334 2.51445009 0.4138 0.5862 2.53449841 0.4985 0.5015 2.53856178
330 31/1/2007 0.99 1.02 0.5657 0.4343 2.52549609 0.4131 0.5869 2.55529206 0.4982 0.5018 2.55399525
331 1/2/2007 1.00 1.00 0.5621 0.4379 2.52549609 0.4104 0.5896 2.55529206 0.4969 0.5031 2.55399525
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Price Relative

U.P. Generated by the

Investment

U.P. Generated by the

Investment

U.P. Generated by the

Investment

No Date Dirichlet (0.4, 0.3) Dist. Capital Dirichlet (0.5, 0.7) Dist. Capital Dirichlet (2.0, 2.0) Dist. Capital
Digi LPI Digi LPI Digi LPI Digi LPI

332 2/2/2007 1.01 0.99 0.5621 0.4379 2.52466095 0.4104 0.5896 2.54840339 0.4969 0.5031 2.55055560
333 5/2/2007 1.01 1.00 0.5644 0.4356 2.54304588 0.4121 0.5879 2.56195294 0.4977 0.5023 2.56693486
334 6/2/2007 0.97 0.98 0.5662 0.4338 2.48537834 0.4135 0.5865 2.50623821 0.4983 0.5017 2.50978602
335 7/2/2007 1.01 1.01 0.5653 0.4347 2.51420426 0.4128 0.5872 2.53415834 0.4980 0.5020 2.53838796
336 8/2/2007 1.01 0.98 0.5657 0.4343 2.50164411 0.4131 0.5869 2.51137523 0.4982 0.5018 2.52121780
337 9/2/2007 1.00 1.00 0.5695 0.4305 2.50164411 0.4160 0.5840 2.51137523 0.4995 0.5005 2.52121780
338 12/2/2007 0.99 1.01 0.5695 0.4305 2.49809296 0.4160 0.5840 2.51220787 0.4995 0.5005 2.51965322
339 13/2/2007 1.01 0.99 0.5679 0.4321 2.51071314 0.4147 0.5853 2.51805526 0.4989 0.5011 2.52929047
340 14/2/2007 0.99 1.01 0.5704 0.4296 2.50720886 0.4167 0.5833 2.51891551 0.4998 0.5002 2.52777939
341 15/2/2007 1.00 1.01 0.5688 0.4312 2.51266884 0.4155 0.5845 2.52635199 0.4992 0.5008 2.53417247
342 16/2/2007 1.00 1.01 0.5681 0.4319 2.52363096 0.4149 0.5851 2.54128298 0.4990 0.5010 2.54699740
343 19/2/2007 1.00 1.00 0.5666 0.4334 2.52363096 0.4138 0.5862 2.54128298 0.4985 0.5015 2.54699740
344 20/2/2007 1.00 1.00 0.5666 0.4334 2.52363096 0.4138 0.5862 2.54128298 0.4985 0.5015 2.54699740
345 21/2/2007 1.04 1.00 0.5666 0.4334 2.58251313 0.4138 0.5862 2.58458324 0.4985 0.5015 2.59927625
346 22/2/2007 1.02 1.00 0.5724 0.4276 2.60756942 0.4182 0.5818 2.60290478 0.5005 0.4995 2.62132560
347 23/2/2007 0.99 1.01 0.5748 0.4252 2.61017199 0.4201 0.5799 2.61174109 0.5013 0.4987 2.62692646
348 26/2/2007 1.01 1.00 0.5726 0.4274 2.61856894 0.4184 0.5816 2.61787999 0.5006 0.4994 2.63431369
349 27/2/2007 0.99 0.97 0.5734 0.4266 2.56861337 0.4190 0.5810 2.56044663 0.5008 0.4992 2.58051420
350 28/2/2007 1.00 0.98 0.5761 0.4239 2.55160179 0.4211 0.5789 2.53728635 0.5018 0.4982 2.56042563
351 1/3/2007 1.01 0.99 0.5784 0.4216 2.54902607 0.4228 0.5772 2.52830582 0.5026 0.4974 2.55468341
352 2/3/2007 0.97 0.98 0.5807 0.4193 248273122 0.4246 0.5754 2.46591696 0.5034 0.4966 248992728
353 5/3/2007 0.96 0.94 0.5795 0.4205 2.36735677 0.4237 0.5763 2.34249853 0.5029 0.4971 2.36984128
354 6/3/2007 1.02 1.06 0.5829 0.4171 2.45080187 0.4263 0.5737 2.43925757 0.5041 0.4959 2.46059598
355 7/3/2007 1.06 1.03 0.5776 0.4224 2.55821727 0.4222 0.5778 2.53533714 0.5023 0.4977 2.56314574
356 8/3/2007 0.99 1.05 0.5815 0.4185 2.60672004 0.4253 0.5747 2.60691730 0.5037 0.4963 2.62358502
357 9/3/2007 0.99 0.99 0.5732 0.4268 2.58355084 0.4189 0.5811 2.58645789 0.5008 0.4992 2.60154675
358 12/3/2007 1.03 0.99 0.5722 0.4278 2.62220360 0.4181 0.5819 2.61119699 0.5004 0.4996 2.63392786
359 13/3/2007 1.00 0.98 0.5772 0.4228 2.60002882 0.4219 0.5781 2.58100834 0.5021 0.4979 2.60770167
360 14/3/2007 1.03 1.02 0.5801 0.4199 2.66871730 0.4242 0.5758 2.64547264 0.5032 0.4968 2.67473783
361 15/3/2007 1.01 1.01 0.5813 0.4187 2.68948180 0.4252 0.5748 2.66792954 0.5036 0.4964 2.69649196
362 16/3/2007 1.00 1.01 0.5807 0.4193 2.70122875 0.4247 0.5753 2.683918381 0.5034 0.4966 2.71044132
363 19/3/2007 0.99 0.99 0.5792 0.4208 2.67714642 0.4235 0.5765 2.662684175 0.5029 0.4971 2.68761107
364 20/3/2007 1.00 1.00 0.5783 0.4217 2.67714642 0.4228 0.5772 2.662684175 0.5025 0.4975 2.68761107
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Price Relative

U.P. Generated by the

Investment

U.P. Generated by the

Investment

U.P. Generated by the

Investment

No Date Dirichlet (0.4, 0.3) Dist. Capital Dirichlet (0.5, 0.7) Dist. Capital Dirichlet (2.0, 2.0) Dist. Capital
Digi LPI Digi LPI Digi LPI Digi LPI

365 21/3/2007 101 0.99 0.5783 04217 2.68932901 04228 05772 2667852902 0.5025 04975 2.69642436
366 22/3/2007 1.01 1.01 0.5807 0.4193 2.71876080 0.4247 0.5753 2.696633045 0.5034 0.4966 2.72572516
367 23/3/2007 1.05 1.01 0.5808 0.4192 2.80403160 0.4248 0.5752 2.762221257 0.5034 0.4966 2.80169468
368 26/3/2007 0.98 1.00 0.5870 0.4130 2.76919355 0.4296 0.5704 2.737104169 0.5056 0.4944 2.77171477
369 27/3/2007 1.00 1.02 0.5840 0.4160 2.78691586 0.4273 0.5727 2.761221261 0.5045 0.4955 2.79284204
370 28/3/2007 1.01 0.99 0.5818 0.4182 2.78392158 0.4256 0.5744 2.751598489 0.5038 0.4962 2.78647818
371 29/3/2007 1.01 1.01 0.5840 0.4160 2.81334275 0.4273 0.5727 2.780486823 0.5046 0.4954 2.81582815
372 30/3/2007 1.00 1.01 0.5841 0.4159 2.81931247 0.4273 0.5727 2.788610586 0.5046 0.4954 2.82294571
373 2/4/2007 0.99 1.02 0.5834 0.4166 2.81997909 0.4268 0.5732 2.800668478 0.5043 0.4957 2.82943871
374 3/4/2007 1.00 1.01 0.5797 0.4203 2.82602663 0.4239 0.5761 2.808900454 0.5030 0.4970 2.83661303
375 4/4/2007 1.02 1.00 0.5789 0.4211 2.85227449 0.4233 0.5767 2.827977084 0.5028 0.4972 2.85949264
376 5/4/2007 0.99 1.04 0.5812 0.4188 2.88594725 0.4251 0.5749 2.879386249 0.5036 0.4964 2.90231526
377 6/4/2007 1.01 1.00 0.5755 0.4245 2.90361509 0.4207 0.5793 2.892271757 0.5016 0.4984 2.91780127
378 9/4/2007 0.99 1.01 0.5770 0.4230 2.90695875 0.4218 0.5782 2.902407286 0.5021 0.4979 2.92447509
379 10/4/2007 0.99 1.01 0.5748 0.4252 2.91035507 0.4202 0.5798 2.912617817 0.5013 0.4987 2.93115675
380 11/4/2007 0.99 1.00 0.5726 0.4274 2.90153702 0.4185 0.5815 2.906168622 0.5006 0.4994 2.92339339
381 12/4/2007 0.98 1.00 0.5719 0.4281 2.87505797 0.4179 0.5821 2.886788268 0.5003 0.4997 2.90005375
382 13/4/2007 1.00 1.00 0.5696 0.4304 2.87505797 0.4161 0.5839 2.886788268 0.4995 0.5005 2.90005375
383 16/4/2007 0.99 0.99 0.5696 0.4304 2.84531745 0.4161 0.5839 2.857346668 0.4995 0.5005 2.87024745
384 17/4/2007 0.99 1.01 0.5694 0.4306 2.84868884 0.4160 0.5840 2.867441788 0.4995 0.5005 2.87672261
385 18/4/2007 1.00 1.01 0.5672 0.4328 2.86077494 0.4144 0.5856 2.883905496 0.4987 0.5013 2.89086067
386 19/4/2007 0.99 0.98 0.5658 0.4342 2.82158307 0.4133 0.5867 2.835991738 0.4982 0.5018 2.84752206
387 20/4/2007 0.99 1.00 0.5686 0.4314 2.81291043 0.4154 0.5846 2.829623544 0.4992 0.5008 2.83983858
388 23/4/2007 0.99 1.01 0.5679 0.4321 2.81626497 0.4148 0.5852 2.839638677 0.4989 0.5011 2.84622743
389 24/4/2007 1.01 1.00 0.5656 0.4344 2.83367500 0.4131 0.5869 2.852460332 0.4982 0.5018 2.86172319
390 25/4/2007 1.02 1.00 0.5672 0.4328 2.85973928 0.4143 0.5857 2.871625916 0.4987 0.5013 2.88486583
391 26/4/2007 1.00 1.00 0.5695 0.4305 2.85973928 0.4161 0.5839 2.871625916 0.4995 0.5005 2.88486583
392 27/4/2007 1.03 1.00 0.5695 0.4305 2.90305552 0.4161 0.5839 2.903404933 0.4995 0.5005 2.92318977
393 30/4/2007 1.06 0.99 0.5733 0.4267 2.98576617 0.4190 0.5810 2.956201071 0.5008 0.4992 2.99232049
394 1/5/2007 1.00 1.00 0.5826 0.4174 2.98576617 0.4262 0.5738 2.956201071 0.5041 0.4959 2.99232049
395 2/5/2007 1.00 1.00 0.5826 0.4174 2.98576617 0.4262 0.5738 2.956201071 0.5041 0.4959 2.99232049
396 3/5/2007 1.04 1.02 0.5826 0.4174 3.07742925 0.4262 0.5738 3.038155277 0.5041 0.4959 3.07971034
397 4/5/2007 0.98 0.99 0.5852 0.4148 3.02384921 0.4283 0.5717 2.991610388 0.5050 0.4950 3.02938235
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Appendix 1 continued

U.P. Generated by the

U.P. Generated by the

U.P. Generated by the

No Date Price Relative || 1y, 5 et 0.4, 0.3) Dist, || [nvestment Dirichlet (0.5, 0.7) Dist. Investment || 1y, hlet (2.0, 2.0) Dist, || [nvestment
Capital Capital Capital
Digi LPI Digi LPI Digi LPI Digi LPI
308 77572007 0.08 .02 0.5833 0.4167 301511335 0.4263 05732 3.000724380 0.5043 0.4957 3.02070530
399 8/5/2007 1.01 1.00 0.5779 0.4221 3.03170765 0.4226 0.5774 3.012801448 0.5024 0.4976 3.04420211
400 9/5/2007 0.98 1.03 0.5792 0.4208 3.03470464 0.4236 0.5764 3.038105310 0.5029 0.4971 3.05828051
201 | 10/5/2007 1.02 1.00 05725 04275 3.07707661 0.4184 0.5816 3.060109137 0.5005 0.4995 3.09561568
202 || 11/5/2007 1.02 1.00 0.5759 0.4241 3.12029882 04211 0.5789 3.100628247 0.5017 0.4983 3.13349716
403 14/5/2007 1.00 1.03 0.5793 0.4207 3.16474567 0.4237 0.5763 3.155645775 0.5029 0.4971 3.18351720
404 15/5/2007 1.00 1.00 0.5762 0.4238 3.15606244 0.4213 0.5787 3.149315225 0.5018 0.4982 3.17590980
205 | 16/52007 1.00 101 0.5755 0.4245 315922801 0.4208 0.5792 3.150118659 0.5016 0.4984 3.18229610
206 | 17/5/2007 0.8 1.00 0.5736 0.4264 3.12438197 0.4193 0.5807 3133647880 0.5009 0.4991 3.15164166
407 18/5/2007 0.99 0.99 0.5708 0.4292 3.09532233 04171 0.5829 3.105012648 0.4999 0.5001 3.12256521
408 21/5/2007 1.00 0.99 0.5706 0.4294 3.09226137 0.4170 0.5830 3.095371416 0.4999 0.5001 3.11643471
200 || 22152007 .02 1.00 0.5726 0.4274 3.12697941 04185 05815 3.120773022 0.5006 0.4994 314702302
410 || 23/572007 0.99 1.02 0.5754 0.4246 3.12495387 0.4207 0.5793 3134414745 05015 0.4985 3.15252256

168




Appendix 2

The Investment Capitals Achieved by Using the Cover and Ordentlich Universal Portfolio for Daiboci, KNM and Topglov

Universal Portfolio Generated by the

Universal Portfolio Generated by the

No Date Price Relative Dirichlet (0.3, 0.7, 0.9) Distribution Investment Dirichlet (2.0, 2.0, 1.0) Distribution Investment
Capital Capital
Daibocu KNM Topglov Daibocu KNM Topglov Daibocu KNM Topglov
1 27/10/2005 1.00 0.99 1.02 0.1579 0.3684 0.4737 1.00722721 0.4000 0.4000 0.2000 1.00156098
2 28/10/2005 1.02 0.98 1.00 0.1575 0.3667 0.4758 1.00148182 0.3999 0.3995 0.2006 1.00020333
3 31/10/2005 1.00 0.99 1.01 0.1590 0.3643 0.4767 1.00155594 0.4014 0.3979 0.2007 0.99717667
4 1/11/2005 1.00 1.00 1.00 0.1590 0.3628 0.4783 1.00155594 0.4016 0.3973 0.2011 0.99717667
5 2/11/2005 1.00 1.01 1.05 0.1590 0.3628 0.4783 1.02918481 0.4016 0.3973 0.2011 1.01183198
6 3/11/2005 1.00 1.00 1.00 0.1575 0.3609 0.4816 1.02918481 0.4006 0.3972 0.2022 1.01183198
7 4/11/2005 1.00 1.00 1.00 0.1575 0.3609 0.4816 1.02918481 0.4006 0.3972 0.2022 1.01183198
8 7/11/2005 1.00 0.99 1.03 0.1575 0.3609 0.4816 1.04063045 0.4006 0.3972 0.2022 1.01500319
9 8/11/2005 1.00 1.00 1.01 0.1569 0.3588 0.4843 1.04517085 0.4004 0.3966 0.2030 1.01685969
10 9/11/2005 1.00 1.01 1.00 0.1566 0.3583 0.4851 1.04991079 0.4003 0.3964 0.2033 1.02196241
11 10/11/2005 0.98 0.99 1.01 0.1564 0.3593 0.4843 1.04864044 0.4000 0.3969 0.2031 1.01260016
12 11/11/2005 1.02 1.01 1.00 0.1553 0.3586 0.4860 1.05457674 0.3992 0.3971 0.2037 1.02394800
13 14/11/2005 1.00 0.99 0.98 0.1562 0.3587 0.4851 1.04301656 0.3998 0.3968 0.2033 1.01762530
14 15/11/2005 1.00 1.02 1.00 0.1568 0.3593 0.4839 1.05036472 0.4003 0.3968 0.2029 1.02554276
15 16/11/2005 1.00 1.00 0.98 0.1564 0.3608 0.4828 1.04122825 0.3997 0.3976 0.2027 1.02179757
16 17/11/2005 1.00 1.05 1.00 0.1569 0.3619 0.4812 1.05824725 0.4000 0.3978 0.2022 1.04015504
17 18/11/2005 1.00 0.99 1.00 0.1560 0.3655 0.4785 1.05347270 0.3988 0.3996 0.2016 1.03502381
18 21/11/2005 1.00 1.00 1.00 0.1563 0.3645 0.4793 1.05347270 0.3992 0.3991 0.2018 1.03502381
19 22/11/2005 0.98 1.01 1.00 0.1563 0.3645 0.4793 1.05461396 0.3992 0.3991 0.2018 1.03100646
20 23/11/2005 1.00 1.07 1.00 0.1550 0.3659 0.4791 1.08081511 0.3979 0.4002 0.2019 1.05902171
21 24/11/2005 1.00 0.97 0.99 0.1537 0.3712 0.4751 1.06450955 0.3962 0.4028 0.2010 1.04473939
22 25/11/2005 0.98 1.00 1.00 0.1545 0.3694 0.4761 1.06077078 0.3971 0.4018 0.2011 1.03531110
23 28/11/2005 1.02 1.01 1.01 0.1535 0.3698 0.4767 1.07143189 0.3962 0.4024 0.2015 1.04901129
24 29/11/2005 1.04 1.00 1.00 0.1542 0.3693 0.4765 1.07861397 0.3968 0.4019 0.2013 1.06710826
25 30/11/2005 1.06 0.96 1.01 0.1561 0.3685 0.4754 1.07756082 0.3985 0.4008 0.2007 1.07848402
26 1/12/2005 1.00 0.99 1.01 0.1596 0.3633 0.4771 1.07977553 0.4020 0.3973 0.2007 1.07778890
27 2/12/2005 1.04 1.01 1.02 0.1595 0.3623 0.4782 1.10109166 0.4020 0.3970 0.2010 1.10509315
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Appendix 2 continued

Universal Portfolio Generated by the

Universal Portfolio Generated by the

No Date Price Relative Dirichlet (0.3, 0.7, 0.9) Distribution Investment Dirichlet (2.0, 2.0, 1.0) Distribution Investment
Capital Capital
Daibocu KNM Topglov Daibocu KNM Topglov Daibocu KNM Topglov
28 5/12/2005 1.04 1.00 1.01 0.1606 0.3614 0.4779 1.11278301 0.4031 0.3961 0.2008 1.12485723
29 6/12/2005 1.04 1.02 0.99 0.1623 0.3601 0.4776 1.12257359 0.4045 0.3950 0.2005 1.14867733
30 7/12/2005 1.02 1.01 1.02 0.1639 0.3613 0.4747 1.14027766 0.4057 0.3948 0.1995 1.16685801
31 8/12/2005 1.00 1.01 1.00 0.1641 0.3609 0.4750 1.14275670 0.4059 0.3946 0.1995 1.16963164
32 9/12/2005 0.98 1.02 1.01 0.1640 0.3614 0.4747 1.15146687 0.4057 0.3948 0.1995 1.17121848
33 12/12/2005 1.00 1.00 1.01 0.1625 0.3627 0.4749 1.15622157 0.4044 0.3959 0.1997 1.17325249
34 13/12/2005 1.04 1.01 1.03 0.1622 0.3622 0.4756 1.18012336 0.4042 0.3958 0.1999 1.20001752
35 14/12/2005 0.96 0.99 1.02 0.1632 0.3604 0.4765 1.17764792 0.4052 0.3947 0.2001 1.18083081
36 15/12/2005 1.02 1.02 1.03 0.1612 0.3592 0.4796 1.20318221 0.4038 0.3950 0.2012 1.20441911
37 16/12/2005 1.00 1.02 1.02 0.1611 0.3587 0.4802 1.22043927 0.4038 0.3949 0.2013 1.21692030
38 19/12/2005 1.00 1.02 1.01 0.1603 0.3592 0.4805 1.23546073 0.4031 0.3954 0.2015 1.23016886
39 20/12/2005 1.00 1.00 1.00 0.1596 0.3605 0.4799 1.23546073 0.4024 0.3962 0.2015 1.23016886
40 21/12/2005 1.00 1.01 1.02 0.1596 0.3605 0.4799 1.25236394 0.4024 0.3962 0.2015 1.23896570
41 22/12/2005 0.96 1.01 1.03 0.1589 0.3595 0.4816 1.26529715 0.4019 0.3961 0.2020 1.22802113
42 23/12/2005 0.92 1.01 1.01 0.1559 0.3590 0.4851 1.25614993 0.3995 0.3971 0.2034 1.19184353
43 26/12/2005 1.00 1.00 1.00 0.1518 0.3606 0.4876 1.25614993 0.3958 0.3994 0.2047 1.19184353
44 27/12/2005 1.00 0.99 1.00 0.1518 0.3606 0.4876 1.25356186 0.3958 0.3994 0.2047 1.18912316
45 28/12/2005 1.02 1.04 1.00 0.1519 0.3601 0.4879 1.27595492 0.3960 0.3992 0.2048 1.21868464
46 29/12/2005 1.00 1.00 1.02 0.1522 0.3628 0.4850 1.28533110 0.3958 0.4002 0.2040 1.22245077
47 30/12/2005 0.98 0.98 1.02 0.1518 0.3619 0.4863 1.28732092 0.3956 0.4000 0.2044 1.20923660
48 2/1/2006 1.00 1.00 1.00 0.1506 0.3597 0.4898 1.28732092 0.3949 0.3996 0.2055 1.20923660
49 3/1/2006 1.00 1.03 0.99 0.1506 0.3597 0.4898 1.29565141 0.3949 0.3996 0.2055 1.22092027
50 4/1/2006 1.00 1.03 1.01 0.1503 0.3623 0.4875 1.31301619 0.3942 0.4008 0.2049 1.23599975
51 5/1/2006 1.00 0.98 0.99 0.1496 0.3640 0.4865 1.30081372 0.3934 0.4018 0.2048 1.22633872
52 6/1/2006 1.00 1.06 0.98 0.1501 0.3632 0.4868 1.31380610 0.3940 0.4012 0.2048 1.24894916
53 9/1/2006 1.00 0.99 1.01 0.1496 0.3690 0.4814 1.31386793 0.3928 0.4038 0.2034 1.24595341
54 10/1/2006 1.00 1.00 1.00 0.1496 0.3678 0.4827 1.31386793 0.3929 0.4033 0.2037 1.24595341
55 11/1/2006 1.07 1.00 1.02 0.1496 0.3678 0.4827 1.33857762 0.3929 0.4033 0.2037 1.28415179
56 12/1/2006 1.00 0.99 1.04 0.1519 0.3660 0.4821 1.35772077 0.3951 0.4016 0.2032 1.28881061
57 13/1/2006 1.00 1.00 1.03 0.1511 0.3631 0.4858 1.37926775 0.3949 0.4007 0.2044 1.29898963
58 16/1/2006 0.98 0.97 1.01 0.1503 0.3617 0.4880 1.36486080 0.3944 0.4005 0.2051 1.27443985
59 17/1/2006 1.09 1.00 1.00 0.1497 0.3593 0.4910 1.38344046 0.3942 0.3998 0.2060 1.32010805
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Appendix 2 continued

Universal Portfolio Generated by the

Universal Portfolio Generated by the

No Date Price Relative Dirichlet (0.3, 0.7, 0.9) Distribution Investment Dirichlet (2.0, 2.0, 1.0) Distribution Investment
Capital Capital
Daibocu KNM Topglov Daibocu KNM Topglov Daibocu KNM Topglov
60 18/1/2006 1.00 1.02 1.01 0.1536 0.3577 0.4887 1.40063493 0.3976 0.3975 0.2048 1.33196231
61 19/1/2006 1.00 1.01 1.01 0.1529 0.3580 0.4890 1.41293967 0.3971 0.3979 0.2050 1.33852650
62 20/1/2006 1.00 1.00 1.01 0.1525 0.3576 0.4899 1.42036280 0.3967 0.3979 0.2053 1.34312566
63 23/1/2006 0.92 1.01 1.01 0.1522 0.3575 0.4902 1.41228701 0.3965 0.3980 0.2054 1.30596963
64 24/1/2006 1.00 1.02 1.00 0.1482 0.3594 0.4924 1.42219097 0.3927 0.4006 0.2067 1.31617730
65 25/1/2006 1.00 1.00 1.00 0.1478 0.3609 0.4912 1.41973494 0.3922 0.4014 0.2064 1.31364978
66 26/1/2006 1.00 1.01 1.01 0.1479 0.3606 0.4915 1.43206701 0.3924 0.4012 0.2065 1.32317418
67 27/1/2006 1.00 1.01 1.01 0.1475 0.3612 0.4912 1.44694924 0.3919 0.4016 0.2065 1.33208654
68 30/1/2006 1.00 1.00 1.00 0.1470 0.3611 0.4919 1.44694924 0.3915 0.4018 0.2067 1.33208654
69 31/1/2006 1.00 1.00 1.00 0.1470 0.3611 0.4919 1.44694924 0.3915 0.4018 0.2067 1.33208654
70 1/2/2006 1.00 1.00 1.00 0.1470 0.3611 0.4919 1.44694924 0.3915 0.4018 0.2067 1.33208654
71 2/2/2006 1.00 1.00 1.00 0.1470 0.3611 0.4919 1.44694924 0.3915 0.4018 0.2067 1.33208654
72 3/2/2006 1.00 1.03 1.06 0.1470 0.3611 0.4919 1.50169635 0.3915 0.4018 0.2067 1.36260769
73 6/2/2006 1.02 0.99 1.01 0.1452 0.3599 0.4949 1.50881781 0.3900 0.4021 0.2079 1.36985039
74 7/2/2006 1.04 1.00 1.00 0.1459 0.3577 0.4964 1.51612902 0.3910 0.4009 0.2082 1.39113445
75 8/2/2006 1.00 1.00 1.00 0.1479 0.3566 0.4956 1.51863182 0.3928 0.3996 0.2076 1.39370785
76 9/2/2006 1.00 1.02 1.02 0.1478 0.3569 0.4953 1.54381395 0.3927 0.3998 0.2076 1.40984955
77 10/2/2006 0.98 1.01 0.99 0.1470 0.3571 0.4959 1.53892900 0.3919 0.4002 0.2079 140128112
78 13/2/2006 1.00 1.01 1.01 0.1461 0.3586 0.4953 1.55150279 0.3910 0.4012 0.2078 141083315
79 14/2/2006 1.00 1.00 1.01 0.1457 0.3593 0.4950 1.55419084 0.3905 0.4017 0.2078 1.41029359
80 15/2/2006 1.00 1.04 1.00 0.1456 0.3585 0.4959 1.57638071 0.3905 0.4014 0.2081 1.43283607
81 16/2/2006 1.02 1.00 1.00 0.1449 0.3616 0.4934 1.58377328 0.3895 0.4030 0.2075 1.44742641
82 17/2/2006 1.00 1.00 1.01 0.1458 0.3616 0.4927 1.59146166 0.3903 0.4026 0.2072 145191102
83 20/2/2006 0.98 1.00 0.99 0.1455 0.3615 0.4930 1.57600316 0.3901 0.4026 0.2073 1.43582120
84 21/2/2006 1.02 1.00 1.01 0.1450 0.3627 0.4923 1.59152633 0.3894 0.4034 0.2072 1.45202375
85 22/2/2006 1.00 1.01 1.01 0.1455 0.3615 0.4930 1.60162678 0.3901 0.4026 0.2073 1.45895676
86 23/2/2006 1.02 1.00 1.01 0.1452 0.3617 0.4930 1.61437154 0.3898 0.4029 0.2074 1.47579493
87 24/2/2006 1.00 1.02 1.01 0.1459 0.3613 0.4928 1.63706074 0.3904 0.4024 0.2072 1.49221679
88 27/2/2006 1.00 1.00 1.00 0.1452 0.3621 0.4927 1.63464115 0.3897 0.4030 0.2073 1.48976203
89 28/2/2006 1.00 1.00 1.01 0.1453 0.3618 0.4929 1.63994229 0.3898 0.4029 0.2073 149179394
90 1/3/2006 1.00 1.00 1.00 0.1451 0.3614 0.4935 1.63994229 0.3897 0.4028 0.2075 149179394
91 2/3/2006 1.00 1.00 1.00 0.1451 0.3614 0.4935 1.63746261 0.3897 0.4028 0.2075 1.48927988
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Appendix 2 continued

Universal Portfolio Generated by the

Universal Portfolio Generated by the

No Date Price Relative Dirichlet (0.3, 0.7, 0.9) Distribution Investment Dirichlet (2.0, 2.0, 1.0) Distribution Investment
Capital Capital
Daibocu KNM Topglov Daibocu KNM Topglov Daibocu KNM Topglov
92 3/3/2006 1.00 1.00 1.01 0.1452 0.3610 0.4938 1.64278180 0.3898 0.4026 0.2076 1.49131352
93 6/3/2006 1.00 1.00 1.01 0.1450 0.3606 0.4943 1.65346694 0.3897 0.4025 0.2077 1.49538996
94 7/3/2006 1.00 1.01 1.01 0.1447 0.3598 0.4955 1.66920417 0.3896 0.4023 0.2081 1.50449838
95 8/3/2006 1.00 0.99 1.00 0.1443 0.3597 0.4961 1.66424242 0.3892 0.4025 0.2084 1.49949412
96 9/3/2006 1.00 1.02 1.01 0.1444 0.3590 0.4966 1.68209179 0.3894 0.4021 0.2085 1.51409989
97 10/3/2006 1.00 0.99 1.01 0.1439 0.3602 0.4959 1.68257635 0.3888 0.4029 0.2084 1.51116194
98 13/3/2006 1.00 1.00 1.01 0.1439 0.3592 0.4969 1.68555410 0.3889 0.4024 0.2087 1.51072015
99 14/3/2006 1.02 1.00 1.01 0.1438 0.3585 0.4977 1.69654595 0.3889 0.4022 0.2089 1.52613581
100 15/3/2006 1.00 1.00 1.01 0.1446 0.3577 0.4978 1.69957843 0.3897 0.4015 0.2088 1.52570699
101 16/3/2006 1.00 1.01 1.01 0.1445 0.3570 0.4986 1.71566907 0.3897 0.4013 0.2090 1.53493528
102 17/3/2006 1.00 1.00 1.00 0.1440 0.3568 0.4992 1.71566907 0.3893 0.4014 0.2093 1.53493528
103 20/3/2006 0.98 1.00 1.01 0.1440 0.3568 0.4992 1.71827467 0.3893 0.4014 0.2093 1.52626969
104 21/3/2006 1.00 1.01 1.00 0.1429 0.3571 0.5000 1.72572690 0.3883 0.4020 0.2097 1.53372259
105 22/3/2006 1.00 1.00 1.00 0.1427 0.3580 0.4993 1.72325543 0.3879 0.4025 0.2095 1.53125315
106 23/3/2006 1.00 1.01 1.01 0.1427 0.3577 0.4995 1.73758356 0.3880 0.4024 0.2096 1.54202488
107 24/3/2006 1.00 0.99 1.00 0.1424 0.3584 0.4992 1.73141757 0.3876 0.4028 0.2096 1.53587466
108 27/3/2006 1.00 1.00 1.00 0.1425 0.3576 0.4998 1.73141757 0.3879 0.4024 0.2097 1.53587466
109 28/3/2006 1.00 1.00 1.01 0.1425 0.3576 0.4998 1.73956083 0.3879 0.4024 0.2097 1.54046210
110 29/3/2006 1.00 1.01 1.00 0.1423 0.3575 0.5002 1.74578038 0.3877 0.4025 0.2098 1.54666239
111 30/3/2006 1.00 0.99 1.00 0.1421 0.3583 0.4995 1.73958685 0.3874 0.4029 0.2097 1.54049266
112 31/3/2006 1.00 1.00 1.01 0.1423 0.3575 0.5002 1.74527358 0.3877 0.4025 0.2098 1.54260544
113 3/4/2006 1.00 1.00 1.00 0.1421 0.3571 0.5007 1.74777675 0.3876 0.4024 0.2100 1.54509839
114 4/4/2006 1.02 1.00 1.00 0.1421 0.3574 0.5005 1.75545929 0.3875 0.4026 0.2100 1.56006898
115 5/4/2006 1.00 1.00 1.01 0.1429 0.3574 0.4997 1.76685214 0.3882 0.4022 0.2096 1.56431610
116 6/4/2006 1.04 1.01 1.01 0.1425 0.3566 0.5008 1.79457206 0.3880 0.4020 0.2100 1.59909456
117 7/4/2006 1.16 1.02 1.01 0.1437 0.3560 0.5004 1.86068505 0.3891 0.4012 0.2097 1.71746397
118 10/4/2006 1.04 0.99 1.03 0.1494 0.3541 0.4964 1.88858505 0.3944 0.3979 0.2076 1.74683203
119 11/4/2006 1.00 1.00 1.00 0.1507 0.3512 0.4981 1.88858505 0.3959 0.3962 0.2079 1.74683203
120 12/4/2006 1.06 1.00 1.01 0.1507 0.3512 0.4981 1.90781022 0.3959 0.3962 0.2079 1.78543681
121 13/4/2006 0.98 1.00 1.01 0.1530 0.3495 0.4975 1.91106291 0.3981 0.3945 0.2074 1.77783059
122 14/4/2006 0.98 0.99 1.01 0.1520 0.3498 0.4982 1.90483578 0.3972 0.3951 0.2077 1.76003801
123 17/4/2006 1.00 1.00 1.02 0.1512 0.3490 0.4998 1.92777720 0.3966 0.3951 0.2083 1.76887269
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Appendix 2 continued

Universal Portfolio Generated by the

Universal Portfolio Generated by the

No Date Price Relative Dirichlet (0.3, 0.7, 0.9) Distribution Investment Dirichlet (2.0, 2.0, 1.0) Distribution Investment
Capital Capital
Daibocu KNM Topglov Daibocu KNM Topglov Daibocu KNM Topglov
124 18/4/2006 1.00 1.01 1.03 0.1506 0.3476 0.5019 1.96565088 0.3963 0.3947 0.2090 1.78955952
125 19/4/2006 1.00 1.00 1.01 0.1496 0.3469 0.5035 1.97696233 0.3955 0.3949 0.2096 1.79384647
126 20/4/2006 1.00 1.00 1.01 0.1493 0.3462 0.5045 1.98259726 0.3954 0.3947 0.2099 1.79597407
127 21/4/2006 1.00 1.04 1.04 0.1491 0.3459 0.5050 2.05475220 0.3953 0.3946 0.2101 1.84100077
128 24/4/2006 1.00 1.00 1.01 0.1474 0.3462 0.5064 2.06037692 0.3937 0.3955 0.2108 1.84309838
129 25/4/2006 0.98 1.00 1.01 0.1472 0.3459 0.5069 2.06535575 0.3936 0.3955 0.2109 1.83245134
130 26/4/2006 1.02 1.00 1.02 0.1461 0.3456 0.5083 2.09361055 0.3926 0.3958 0.2115 1.85504511
131 27/4/2006 1.06 0.99 1.01 0.1464 0.3440 0.5096 2.11025256 0.3931 0.3950 0.2119 1.89297949
132 28/4/2006 1.09 1.01 1.01 0.1488 0.3420 0.5091 2.15723998 0.3956 0.3931 0.2113 1.97354982
133 1/5/2006 1.00 1.00 1.00 0.1523 0.3407 0.5071 2.15723998 0.3987 0.3911 0.2102 1.97354982
134 2/5/2006 1.02 1.02 1.00 0.1523 0.3407 0.5071 2.17690166 0.3987 0.3911 0.2102 2.00181870
135 3/5/2006 1.00 1.02 1.01 0.1527 0.3418 0.5055 2.19626631 0.3989 0.3914 0.2097 2.01845911
136 4/5/2006 0.98 1.00 1.01 0.1523 0.3429 0.5048 2.19612845 0.3984 0.3921 0.2096 2.00674258
137 5/5/2006 1.04 1.03 1.01 0.1514 0.3429 0.5057 2.23393994 0.3976 0.3924 0.2100 2.05834450
138 8/5/2006 1.00 1.05 1.01 0.1523 0.3441 0.5036 2.28600215 0.3982 0.3925 0.2092 2.10555322
139 9/5/2006 0.98 0.99 1.00 0.1511 0.3474 0.5014 2.27366328 0.3968 0.3945 0.2088 2.08487890
140 10/5/2006 1.00 1.00 1.00 0.1506 0.3471 0.5023 2.27366328 0.3963 0.3945 0.2091 2.08487890
141 11/5/2006 0.97 1.01 1.00 0.1506 0.3471 0.5023 2.26901435 0.3963 0.3945 0.2091 2.06464280
142 12/5/2006 1.00 1.00 1.00 0.1490 0.3483 0.5027 2.26901435 0.3948 0.3957 0.2095 2.06464280
143 15/5/2006 0.93 1.01 0.98 0.1490 0.3483 0.5027 2.22410254 0.3948 0.3957 0.2095 2.00458904
144 16/5/2006 1.00 0.97 0.98 0.1465 0.3517 0.5018 2.17525477 0.3921 0.3982 0.2096 1.96940221
145 17/5/2006 1.00 1.02 1.01 0.1476 0.3503 0.5021 2.19408025 0.3933 0.3972 0.2095 1.98503810
146 18/5/2006 0.95 0.99 1.00 0.1472 0.3513 0.5015 2.16981907 0.3928 0.3978 0.2094 1.93570499
147 19/5/2006 1.02 1.03 1.01 0.1450 0.3515 0.5034 2.20145856 0.3908 0.3989 0.2104 1.97251391
148 22/5/2006 0.98 0.98 0.99 0.1453 0.3529 0.5018 2.17074885 0.3908 0.3993 0.2099 1.94030661
149 23/5/2006 1.02 1.00 0.98 0.1450 0.3525 0.5024 2.15396183 0.3906 0.3993 0.2101 1.94683845
150 24/5/2006 1.02 1.00 0.95 0.1464 0.3535 0.5001 2.10222904 0.3917 0.3991 0.2092 1.93989360
151 25/5/2006 1.04 1.01 0.97 0.1486 0.3565 0.4949 2.08614592 0.3932 0.3994 0.2074 1.96416813
152 26/5/2006 1.00 1.02 1.04 0.1510 0.3586 0.4903 2.14114500 0.3951 0.3991 0.2058 1.99446936
153 29/5/2006 1.00 0.99 1.02 0.1497 0.3576 0.4927 2.15813754 0.3941 0.3993 0.2067 1.99674686
154 30/5/2006 1.00 1.03 1.02 0.1493 0.3555 0.4952 220181512 0.3940 0.3986 0.2074 2.02679435
155 31/5/2006 1.00 1.01 1.00 0.1483 0.3562 0.4955 2.20857652 0.3930 0.3993 0.2077 2.03377164
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Appendix 2 continued

Universal Portfolio Generated by the

Universal Portfolio Generated by the

No Date Price Relative Dirichlet (0.3, 0.7, 0.9) Distribution Investment Dirichlet (2.0, 2.0, 1.0) Distribution Investment
Capital Capital
Daibocu KNM Topglov Daibocu KNM Topglov Daibocu KNM Topglov
156 1/6/2006 0.98 1.01 1.01 0.1482 0.3569 0.4949 2.21489576 0.3928 0.3997 0.2075 2.02740915
157 2/6/2006 1.00 1.02 1.01 0.1471 0.3576 0.4954 2.24029544 0.3917 0.4004 0.2078 2.04584261
158 5/6/2006 1.00 1.02 1.01 0.1465 0.3582 0.4953 2.26582852 0.3911 0.4010 0.2079 2.06431970
159 6/6/2006 1.00 1.03 1.00 0.1460 0.3589 0.4951 2.28668034 0.3906 0.4015 0.2079 2.08557119
160 7/6/2006 1.00 0.99 1.00 0.1455 0.3609 0.4936 2.27974521 0.3899 0.4025 0.2076 2.07851692
161 8/6/2006 1.00 0.99 1.00 0.1457 0.3602 0.4941 2.27278538 0.3901 0.4022 0.2077 2.07143289
162 9/6/2006 1.00 1.00 1.01 0.1458 0.3596 0.4946 2.27876492 0.3903 0.4018 0.2078 2.07372278
163 12/6/2006 1.00 1.03 1.01 0.1457 0.3592 0.4951 2.31193800 0.3903 0.4018 0.2080 2.09985723
164 13/6/2006 1.00 0.97 0.99 0.1450 0.3606 0.4944 2.27164537 0.3895 0.4026 0.2079 2.06660236
165 14/6/2006 1.00 1.01 0.98 0.1458 0.3585 0.4956 2.25470539 0.3905 0.4014 0.2081 2.06476027
166 15/6/2006 1.00 1.00 0.98 0.1462 0.3606 0.4932 2.23026556 0.3906 0.4021 0.2074 2.05534999
167 16/6/2006 1.00 1.04 1.03 0.1468 0.3620 0.4913 2.29573279 0.3909 0.4024 0.2068 2.09877379
168 19/6/2006 1.00 0.99 0.99 0.1454 0.3626 0.4920 2.27633320 0.3895 0.4033 0.2072 2.08684859
169 20/6/2006 1.00 0.99 0.99 0.1458 0.3626 0.4916 2.26309541 0.3899 0.4031 0.2070 2.07727214
170 21/6/2006 1.00 1.00 1.00 0.1461 0.3623 0.4916 2.26309541 0.3902 0.4028 0.2070 2.07727214
171 22/6/2006 1.00 0.99 1.01 0.1461 0.3623 0.4916 2.26844151 0.3902 0.4028 0.2070 2.07493130
172 23/6/2006 1.00 1.00 1.01 0.1459 0.3609 0.4931 2.27458775 0.3903 0.4023 0.2074 2.07729581
173 26/6/2006 0.98 0.99 1.01 0.1458 0.3606 0.4936 226717261 0.3902 0.4023 0.2076 2.05637256
174 27/6/2006 1.00 1.01 1.00 0.1450 0.3599 0.4951 2.27414726 0.3895 0.4024 0.2081 2.06344428
175 28/6/2006 1.00 1.00 0.99 0.1448 0.3606 0.4946 2.26800145 0.3893 0.4027 0.2080 2.06109915
176 29/6/2006 1.00 1.01 1.00 0.1450 0.3609 0.4941 2.27493897 0.3894 0.4028 0.2078 2.06813439
177 30/6/2006 1.00 1.01 0.99 0.1448 0.3616 0.4936 2.27568272 0.3892 0.4031 0.2077 2.07277995
178 3/7/2006 1.00 1.00 1.00 0.1448 0.3626 0.4926 2.27568272 0.3890 0.4035 0.2074 2.07277995
179 4/7/2006 1.00 1.01 1.01 0.1448 0.3626 0.4926 2.28875236 0.3890 0.4035 0.2074 2.08212565
180 5/7/2006 1.02 1.02 1.00 0.1445 0.3629 0.4925 2.31596403 0.3888 0.4038 0.2075 2.11915862
181 6/7/2006 1.00 0.99 1.00 0.1449 0.3645 0.4905 2.30915543 0.3889 0.4043 0.2069 2.11224992
182 7/7/2006 1.00 1.01 1.00 0.1451 0.3639 0.4910 2.31593203 0.3891 0.4039 0.2070 2.11913056
183 10/7/2006 1.00 1.06 1.01 0.1449 0.3645 0.4905 2.36952096 0.3889 0.4043 0.2069 2.16953891
184 11/7/2006 1.00 0.99 1.01 0.1439 0.3686 0.4876 2.36290528 0.3874 0.4064 0.2062 2.15886570
185 12/7/2006 1.00 0.98 1.00 0.1440 0.3670 0.4890 2.34976590 0.3877 0.4057 0.2066 2.14559569
186 13/7/2006 1.00 1.00 1.00 0.1443 0.3658 0.4900 2.34976590 0.3881 0.4051 0.2068 2.14559569
187 14/7/2006 0.98 0.99 1.00 0.1443 0.3658 0.4900 2.33613332 0.3881 0.4051 0.2068 2.12181080
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Appendix 2 continued

Universal Portfolio Generated by the

Universal Portfolio Generated by the

No Date Price Relative Dirichlet (0.3, 0.7, 0.9) Distribution Investment Dirichlet (2.0, 2.0, 1.0) Distribution Investment
Capital Capital
Daibocu KNM Topglov Daibocu KNM Topglov Daibocu KNM Topglov
188 17/7/2006 1.00 1.01 0.99 0.1436 0.3655 0.4909 2.33670396 0.3875 0.4053 0.2072 2.12635979
189 18/7/2006 1.02 1.01 1.01 0.1435 0.3665 0.4899 2.35685173 0.3874 0.4057 0.2069 2.15258519
190 19/7/2006 1.00 1.01 1.01 0.1441 0.3665 0.4894 2.37011498 0.3879 0.4054 0.2067 2.16198311
191 20/7/2006 1.00 0.99 1.00 0.1438 0.3667 0.4894 2.36337689 0.3876 0.4057 0.2067 2.15518456
192 21/7/2006 1.02 1.00 1.00 0.1440 0.3661 0.4899 2.37032060 0.3878 0.4053 0.2068 2.17224191
193 24/7/2006 1.00 1.00 1.00 0.1448 0.3658 0.4894 2.37032060 0.3886 0.4048 0.2066 2.17224191
194 25/7/2006 1.00 1.00 1.00 0.1448 0.3658 0.4894 2.37032060 0.3886 0.4048 0.2066 2.17224191
195 26/7/2006 1.02 1.02 0.99 0.1448 0.3658 0.4894 2.39091588 0.3886 0.4048 0.2066 2.20748716
196 27/7/2006 1.00 1.01 1.01 0.1454 0.3676 0.4871 241046626 0.3889 0.4053 0.2058 2.22335019
197 28/7/2006 1.00 1.02 1.01 0.1450 0.3684 0.4866 2.43649983 0.3884 0.4058 0.2058 2.24576563
198 31/7/2006 1.00 1.01 0.99 0.1445 0.3698 0.4857 243651526 0.3878 0.4066 0.2056 2.24981158
199 1/8/2006 1.00 1.01 1.00 0.1445 0.3707 0.4848 244941942 0.3877 0.4070 0.2054 2.26289127
200 2/8/2006 1.02 0.99 0.99 0.1442 0.3719 0.4839 244417208 0.3873 0.4075 0.2051 2.27289998
201 3/8/2006 1.02 1.00 0.99 0.1454 0.3713 0.4834 2.43874896 0.3884 0.4068 0.2048 2.28656839
202 4/8/2006 1.00 1.01 0.99 0.1465 0.3716 0.4819 2.44520106 0.3894 0.4064 0.2042 229726251
203 7/8/2006 1.00 1.01 0.99 0.1464 0.3731 0.4806 244509702 0.3891 0.4070 0.2039 2.30124520
204 8/8/2006 1.00 1.01 1.00 0.1464 0.3740 0.4796 245149155 0.3890 0.4074 0.2036 2.30780106
205 9/8/2006 1.00 1.01 0.99 0.1463 0.3745 0.4792 2.44466827 0.3888 0.4077 0.2035 2.30905679
206 10/8/2006 1.00 1.00 1.01 0.1464 0.3758 0.4778 245794171 0.3888 0.4081 0.2031 2.31438672
207 11/8/2006 1.00 1.03 0.99 0.1461 0.3751 0.4788 248316004 0.3886 0.4079 0.2034 2.34431284
208 14/8/2006 1.00 1.03 1.01 0.1456 0.3782 0.4762 2.51501506 0.3878 0.4094 0.2028 2.37274884
209 15/8/2006 1.00 1.01 1.01 0.1450 0.3800 0.4750 2.52793526 0.3870 0.4104 0.2026 2.38179845
210 16/8/2006 1.00 1.00 0.97 0.1448 0.3802 0.4750 2.49420352 0.3868 0.4106 0.2026 2.36824132
211 17/8/2006 1.00 1.00 1.01 0.1454 0.3820 0.4726 2.50101700 0.3872 04110 0.2019 2.37100476
212 18/8/2006 1.00 1.00 1.00 0.1453 0.3816 0.4731 2.50101700 0.3871 0.4109 0.2020 2.37100476
213 21/8/2006 1.00 1.01 1.00 0.1453 0.3816 0.4731 2.50729643 0.3871 0.4109 0.2020 2.37741414
214 22/8/2006 1.00 1.01 1.01 0.1452 0.3822 0.4727 2.52041150 0.3869 04112 0.2019 2.38660405
215 23/8/2006 1.00 1.02 0.99 0.1449 0.3823 0.4727 2.53253693 0.3867 04113 0.2020 240311418
216 24/8/2006 1.00 1.05 0.99 0.1447 0.3843 0.4710 2.56764385 0.3862 0.4122 0.2016 244713926
217 25/8/2006 1.00 1.02 1.00 0.1440 0.3891 0.4669 2.58527245 0.3851 0.4144 0.2006 2.46503330
218 28/8/2006 1.00 1.01 1.01 0.1437 0.3905 0.4658 2.59810309 0.3846 04151 0.2003 2.47383620
219 29/8/2006 1.00 0.99 1.00 0.1434 0.3906 0.4659 2.59220278 0.3844 0.4152 0.2004 246786411
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Appendix 2 continued

Universal Portfolio Generated by the

Universal Portfolio Generated by the

No Date Price Relative Dirichlet (0.3, 0.7, 0.9) Distribution Investment Dirichlet (2.0, 2.0, 1.0) Distribution Investment
Capital Capital
Daibocu KNM Topglov Daibocu KNM Topglov Daibocu KNM Topglov
220 30/8/2006 1.00 1.00 0.99 0.1436 0.3901 0.4663 2.58525571 0.3845 0.4150 0.2005 246502080
221 31/8/2006 1.00 1.00 1.00 0.1437 0.3905 0.4658 2.58525571 0.3846 04151 0.2003 2.46502080
222 1/9/2006 1.00 1.01 1.00 0.1437 0.3905 0.4658 2.59699455 0.3846 0.4151 0.2003 247691797
223 4/9/2006 1.00 1.00 1.01 0.1435 0.3915 0.4651 2.60385719 0.3843 0.4155 0.2002 247973480
224 5/9/2006 1.00 0.99 0.99 0.1433 0.3911 0.4656 2.59122747 0.3842 0.4155 0.2003 247105731
225 6/9/2006 1.00 1.03 1.00 0.1436 0.3910 0.4655 2.62034004 0.3845 0.4153 0.2002 2.50054718
226 7/9/2006 1.00 1.01 1.00 0.1430 0.3933 0.4636 2.63179186 0.3837 0.4165 0.1998 251211811
227 8/9/2006 1.00 1.00 0.99 0.1428 0.3943 0.4629 2.62490859 0.3834 0.4169 0.1997 2.50928419
228 11/9/2006 1.09 0.98 0.99 0.1429 0.3946 0.4624 2.62822766 0.3835 0.4170 0.1995 2.57385836
229 12/9/2006 1.00 0.97 1.01 0.1472 0.3922 0.4606 2.60634929 0.3875 04141 0.1984 2.54700075
230 13/9/2006 1.00 1.01 1.01 0.1476 0.3895 0.4629 2.62498037 0.3882 0.4129 0.1989 2.56205423
231 14/9/2006 1.00 1.03 1.00 0.1472 0.3901 0.4626 2.65423996 0.3878 0.4133 0.1989 2.59230880
232 15/9/2006 1.00 1.00 0.99 0.1467 0.3925 0.4609 2.64725017 0.3870 0.4145 0.1985 2.58936822
233 18/9/2006 1.00 0.96 1.00 0.1468 0.3928 0.4604 2.60531805 0.3871 0.4145 0.1984 2.54608705
234 19/9/2006 1.00 1.00 1.00 0.1476 0.3894 0.4630 2.60531805 0.3882 0.4129 0.1989 2.54608705
235 20/9/2006 1.00 0.98 1.00 0.1476 0.3894 0.4630 2.58812161 0.3882 0.4129 0.1989 2.52827028
236 21/9/2006 1.00 1.01 1.00 0.1479 0.3880 0.4640 2.59677891 0.3887 0.4122 0.1992 2.53725376
237 22/9/2006 1.00 0.99 1.01 0.1478 0.3887 0.4635 2.59506830 0.3884 0.4125 0.1991 2.53121041
238 25/9/2006 1.00 1.00 0.99 0.1478 0.3877 0.4645 2.58821910 0.3886 04121 0.1993 2.52834378
239 26/9/2006 1.14 0.99 1.01 0.1479 0.3880 0.4640 2.63878756 0.3887 0.4122 0.1992 2.65638861
240 27/9/2006 0.98 1.03 1.00 0.1536 0.3844 0.4620 2.66465081 0.3939 0.4083 0.1978 2.67072474
241 28/9/2006 1.00 1.01 1.00 0.1520 0.3876 0.4604 2.67318611 0.3921 0.4103 0.1976 2.67978020
242 29/9/2006 1.00 0.99 1.00 0.1518 0.3883 0.4599 2.66467879 0.3919 0.4106 0.1975 2.67076120
243 2/10/2006 1.00 0.98 1.00 0.1520 0.3876 0.4604 2.64760799 0.3921 0.4103 0.1976 2.65265002
244 3/10/2006 1.00 1.00 1.00 0.1523 0.3862 0.4615 2.64760799 0.3926 0.4096 0.1978 2.65265002
245 4/10/2006 1.00 1.02 0.99 0.1523 0.3862 0.4615 2.65789076 0.3926 0.4096 0.1978 2.66794577
246 5/10/2006 1.07 1.01 1.00 0.1521 0.3879 0.4600 2.69336492 0.3922 0.4103 0.1975 2.74674972
247 6/10/2006 0.96 0.99 1.01 0.1548 0.3873 0.4579 2.67451889 0.3945 0.4089 0.1965 2.69553253
248 9/10/2006 1.00 1.01 1.01 0.1530 0.3871 0.4599 2.69683496 0.3930 0.4097 0.1973 2.71052081
249 10/10/2006 1.05 1.05 1.03 0.1526 0.3871 0.4604 2.80766223 0.3926 0.4098 0.1975 2.83059419
250 11/10/2006 1.00 1.02 1.00 0.1528 0.3880 0.4592 2.83280361 0.3927 0.4101 0.1972 2.85738309
251 12/10/2006 1.00 0.99 1.01 0.1523 0.3899 0.4578 2.83143365 0.3921 0.4110 0.1969 2.85156068
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Universal Portfolio Generated by the

Universal Portfolio Generated by the

No Date Price Relative Dirichlet (0.3, 0.7, 0.9) Distribution Investment Dirichlet (2.0, 2.0, 1.0) Distribution Investment
Capital Capital
Daibocu KNM Topglov Daibocu KNM Topglov Daibocu KNM Topglov
252 13/10/2006 0.96 1.01 1.03 0.1523 0.3890 0.4587 2.86241418 0.3922 0.4107 0.1971 2.82967524
253 16/10/2006 1.04 0.96 1.01 0.1496 0.3885 0.4619 2.84703502 0.3899 04117 0.1984 2.83844195
254 17/10/2006 1.00 1.01 1.01 0.1521 0.3842 0.4637 2.86892036 0.3926 0.4090 0.1985 2.85312012
255 18/10/2006 1.02 1.01 1.00 0.1517 0.3842 0.4641 2.88679596 0.3922 0.4091 0.1987 2.88635804
256 19/10/2006 1.00 1.01 1.01 0.1525 0.3844 0.4631 2.90857175 0.3929 0.4089 0.1983 2.90102119
257 20/10/2006 0.98 1.01 1.01 0.1521 0.3844 0.4635 2.92091311 0.3925 0.4090 0.1984 2.89141345
258 23/10/2006 1.00 1.00 1.00 0.1508 0.3848 0.4644 2.92091311 0.3914 0.4098 0.1989 2.89141345
259 24/10/2006 1.00 1.00 1.00 0.1508 0.3848 0.4644 2.92091311 0.3914 0.4098 0.1989 2.89141345
260 25/10/2006 1.00 1.00 1.00 0.1508 0.3848 0.4644 2.92091311 0.3914 0.4098 0.1989 2.89141345
261 26/10/2006 1.00 1.02 1.02 0.1508 0.3848 0.4644 2.97293789 0.3914 0.4098 0.1989 2.92932479
262 27/10/2006 1.00 1.00 1.01 0.1499 0.3854 0.4647 2.98634959 0.3905 0.4104 0.1991 2.93498660
263 30/10/2006 1.00 1.00 1.02 0.1497 0.3848 0.4655 3.01308235 0.3904 0.4103 0.1993 2.94623749
264 31/10/2006 1.00 0.99 1.01 0.1492 0.3836 0.4671 3.00973392 0.3902 0.4100 0.1998 2.93433895
265 1/11/2006 1.00 0.99 1.01 0.1493 0.3819 0.4688 3.00614460 0.3904 0.4093 0.2003 2.92222310
266 2/11/2006 1.04 0.99 1.01 0.1494 0.3801 0.4706 3.03079563 0.3907 0.4085 0.2008 2.96954016
267 3/11/2006 1.00 1.01 0.99 0.1512 0.3780 0.4708 3.02631992 0.3925 0.4070 0.2005 2.97316295
268 6/11/2006 1.05 0.99 1.00 0.1512 0.3792 0.4695 3.02999674 0.3924 0.4074 0.2002 3.00811778
269 7/11/2006 0.98 1.00 1.03 0.1535 0.3771 0.4694 3.05924415 0.3946 0.4056 0.1998 2.99940744
270 8/11/2006 1.04 0.99 1.05 0.1519 0.3759 0.4722 3.13899477 0.3934 0.4058 0.2008 3.06452543
271 9/11/2006 1.04 1.03 1.01 0.1528 0.3707 0.4765 3.20757205 0.3948 0.4034 0.2019 3.15973761
272 10/11/2006 1.02 1.00 1.01 0.1539 0.3717 0.4744 3.23043029 0.3956 0.4033 0.2011 3.19102794
273 13/11/2006 1.02 0.99 1.00 0.1546 0.3708 0.4746 3.22300491 0.3963 0.4027 0.2011 3.19793753
274 14/11/2006 1.00 1.02 1.00 0.1558 0.3693 0.4749 3.24985008 0.3975 0.4015 0.2010 3.22690241
275 15/11/2006 1.02 1.04 1.00 0.1554 0.3711 0.4736 3.31402584 0.3969 0.4024 0.2007 3.31203436
276 16/11/2006 1.00 1.08 1.00 0.1555 0.3741 0.4704 3.41006726 0.3966 0.4036 0.1998 3.41558305
277 17/11/2006 0.98 0.99 0.99 0.1540 0.3802 0.4659 3.36914715 0.3946 0.4066 0.1988 3.36342252
278 20/11/2006 1.04 1.02 1.00 0.1535 0.3801 0.4665 3.41625702 0.3942 0.4068 0.1991 3.44666432
279 21/11/2006 1.33 1.01 1.02 0.1549 0.3808 0.4643 3.63558398 0.3953 0.4064 0.1983 3.92994478
280 22/11/2006 0.87 1.04 1.01 0.1683 0.3744 0.4573 3.62683445 0.4064 0.3989 0.1948 3.79143594
281 23/11/2006 0.98 1.00 1.01 0.1605 0.3805 0.4590 3.62958894 0.3995 0.4043 0.1962 3.76943367
282 24/11/2006 1.04 0.99 1.02 0.1595 0.3804 0.4602 3.67643900 0.3987 0.4047 0.1966 3.82746914
283 27/11/2006 1.02 1.00 1.02 0.1608 0.3772 0.4620 3.71456461 0.4002 0.4029 0.1969 3.86789309
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Appendix 2 continued

Price Relative

Universal Portfolio Generated by the

Investment

Universal Portfolio Generated by the

Investment

No Date Dirichlet (0.3, 0.7, 0.9) Distribution . Dirichlet (2.0, 2.0, 1.0) Distribution .
Capital Capital
Daibocu KNM Topglov Daibocu KNM Topglov Daibocu KNM Topglov

284 28/11/2006 1.02 0.98 1.01 0.1613 0.3758 0.4629 3.70655804 0.4007 0.4022 0.1971 3.86653500
285 29/11/2006 0.96 1.03 1.01 0.1625 0.3731 0.4645 3.73893317 0.4020 0.4006 0.1974 3.86050797
286 30/11/2006 0.96 1.01 1.00 0.1599 0.3758 0.4643 3.73353378 0.3996 0.4028 0.1977 3.82249741
287 1/12/2006 1.06 1.00 1.02 0.1580 0.3775 0.4645 3.79444720 0.3978 0.4042 0.1980 3.92195493
288 4/12/2006 1.06 0.99 1.00 0.1602 0.3754 0.4644 3.82132120 0.3998 0.4025 0.1977 4.00334665
289 5/12/2006 1.06 1.02 1.02 0.1629 0.3738 0.4633 3.90756480 0.4022 0.4008 0.1970 4.13250477
290 6/12/2006 0.98 1.01 1.02 0.1647 0.3731 0.4622 3.94534731 0.4037 0.3998 0.1965 4.13128659
291 7/12/2006 0.98 1.00 1.01 0.1632 0.3726 0.4642 3.96078665 0.4026 0.4002 0.1972 4.11400368
292 8/12/2006 0.95 1.00 0.99 0.1620 0.3721 0.4659 3.91250817 0.4017 0.4005 0.1978 4.01801075
293 11/12/2006 1.00 1.01 0.99 0.1596 0.3737 0.4667 3.90209461 0.3996 0.4021 0.1984 4.02432406
294 12/12/2006 0.96 0.99 1.01 0.1598 0.3754 0.4648 3.89119214 0.3995 0.4027 0.1979 3.96199500
295 13/12/2006 1.00 0.99 0.99 0.1580 0.3744 0.4676 3.85624859 0.3981 0.4030 0.1989 3.94143839
296 14/12/2006 0.98 1.00 0.99 0.1585 0.3748 0.4667 3.81785623 0.3985 0.4030 0.1985 3.90012469
297 15/12/2006 1.00 1.02 1.00 0.1580 0.3761 0.4659 3.84205774 0.3979 0.4037 0.1984 3.92665965
298 18/12/2006 1.00 0.95 1.00 0.1576 0.3775 0.4649 3.76994526 0.3975 0.4044 0.1982 3.84771091
299 19/12/2006 1.00 0.98 1.01 0.1587 0.3734 0.4680 3.75900346 0.3988 0.4023 0.1989 3.82670736
300 20/12/2006 1.00 1.01 1.02 0.1588 0.3715 0.4697 3.80219459 0.3992 0.4015 0.1993 3.85621661
301 21/12/2006 1.00 1.00 1.01 0.1582 0.3715 0.4703 3.81563809 0.3987 0.4018 0.1995 3.86200187
302 22/12/2006 1.00 0.99 1.01 0.1580 0.3711 0.4709 3.82090949 0.3986 0.4017 0.1997 3.85884288
303 26/12/2006 1.00 1.01 1.00 0.1580 0.3702 0.4719 3.82913249 0.3986 0.4013 0.2000 3.86784722
304 27/12/2006 1.04 0.98 1.00 0.1578 0.3706 04715 3.82704987 0.3985 0.4016 0.1999 3.89815208
305 28/12/2006 1.00 1.00 1.01 0.1599 0.3685 0.4716 3.84051942 0.4004 0.3999 0.1997 3.90396078
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Appendix 3

The Asymptotic Behaviour of the Ratio of Capitals for the Dirichlet (0.3, 0.4, 0.6) Distribution

U.P. Generated by the

A

Day . . Universal Time-Varying Log-Optimal Optimal S, . S,
n | Transformed Price Relatives | pirichet (.3, .4, .6) Distr.f), | Capital §, Portfolio, b” Capital S’ ra T, G =G,
1 0.5000 0.5000 2.0400 || 0.2308 0.3077 0.4615 1.210800 1.0000 0.0000 0.0000 3.060000 0.395686 Inf 0.000000 0.395686
2 0.5000 0.5000 2.0400 || 0.1719 0.2292 0.5990 1.722200 -0.1222 -0.1860 1.3082 6.323700 0.272341 Inf 0.000000 0.272341
3 0.3960 2.5250 0.3960 |f 0.1275 0.1700 0.7024 1.305400 -0.1222 0.3583 0.7639 3.256900 0.400811 Inf 0.000000 0.400811
4| 30600 | 03333 | 03333 || 0.1118 | 02997 | 05885 || 0.833110 || 02860 | 02222 | 04918 1.529400 0544730 _||_4.501000 || _0.528900 || _0.015830
5| 05000 | 05000 | 2.0400 || 02373 | 02595 | 05032 || 1062200 || 02043 | 0.1406 | 06551 2.126700 0499459 || _5.860700 || _0.550700 || 0.051241
6 0.3960 2.5250 0.3960 || 0.1874 0.2063 0.6063 0.887110 0.1499 0.3583 0.4918 1.980800 0.447854 5.063700 0.392300 0.055554
7 0.3960 2.5250 0.3960 || 0.1610 0.3294 0.5096 0.973450 0.1110 0.5138 0.3751 2.633400 0.369655 5.360600 0.362000 0.007655
8§ | 05000 | 0.5000 | 2.0400 || 0.1330 | 04588 | 04082 | _1.098700 || 00819 | 04263 | 04918 3.082000 0356489 _||_6.001400 || _0.371800 || 0.015311
9| 03960 | 2.5250 | 03960 || 0.1148 | 03854 | 04998 | 1336600 || 00592 | 05397 | 04011 2399400 0303814__||_6.408700 || _0.378000 || 0.074186
10 3.0600 0.3333 0.3333 [ 0.0975 0.4946 0.4079 0.800970 0.2043 0.4672 0.3285 3.035500 0.263868 4.395500 0.203800 0.060068
11 0.5000 0.5000 2.0400 || 0.1785 0.4514 0.3702 0.857100 0.1747 0.4078 0.4176 3.265900 0.262439 4.680400 0.197600 0.064839
12| 03960 | 2.5250 | 03960 || 0.1567 | 03948 | 04486 || 1059800 || 0.1499 | 04944 | 03557 || _ 4435100 0238957 || _4861100 || 0.187900 || _0.051057
13_|| 05000 | 0.5000 | 2.0400 || 0.1348 | 0.4855 | 03797 || 1149600 || 01200 | 04420 | 04290 || _ 4901800 0234526 _||_5.150400 || 0.185700 || _0.048526
14 3.0600 0.3333 0.3333 | 0.1199 0.4318 0.4483 0.758900 0.2277 0.3972 0.3751 4.015400 0.188997 4.288500 0.142900 0.046097
15 0.3960 2.5250 0.3960 |f 0.1991 0.3947 0.4061 0.938260 0.2043 0.4672 0.3285 5.288700 0.177408 4.395500 0.135900 0.041508
16 || 03960 | 2.5250 | 03960 || 0.1750 | 04712 | 03538 || 1312800 || 0.1839 | 05284 | 02877 7.704000 0.170405__||_4.572500 || _0.131700 || _0.038705
17 || 05000 | 0.5000 | 2.0400 || 0.1546 | 05356 | 03098 || 1282700 || 01659 | 04864 | 03477 7.625500 0.168212__||_4.701000 || 0.128000 || _0.040212
18 3.0600 0.3333 0.3333 || 0.1402 0.4936 0.3662 0.917940 0.2406 0.4490 0.3103 6.768200 0.135625 4.185300 0.108400 0.027225
19 3.0600 0.3333 0.3333 || 0.2130 0.4559 0.3310 0.839110 0.3075 0.4156 0.2769 7.315900 0.114697 3.937800 0.097800 0.016897
20| 0.5000 | 0.5000 | 2.0400 || 0.2894 | 04159 | 02947 | 0.800370 | 02860 | 03855 | 0.3285 7.071400 0.113184 || 4018800 || _0.094500 || 0.018684
21| 0.5000 | 0.5000 | 2.0400 || 02630 | 03861 | 03458 | _0.826460 | 02666 | 03583 | 03751 7369600 0112144 || _4.135300 || _0.092400 || 0.019744
22 3.0600 0.3333 0.3333 [ 0.2475 0.3574 0.3951 0.833180 0.3231 0.3336 0.3433 8.383200 0.099387 3.962200 0.085200 0.014187
23 0.5000 0.5000 2.0400 || 0.3144 0.3276 0.3580 0.875890 0.3037 0.3110 0.3853 8.897500 0.098442 4.074700 0.083500 0.014942
24| 0.5000 | 0.5000 | 2.0400 || 02936 | 03034 | 04030 | 0981520 | 02860 | 02903 | 04237 9.994100 0.098210 || 4208800 || 0.082400 || _0.015810
25| 0.5000 | 05000 | 2.0400 || 02741 | 02810 | 04448 || _1.163100 | 02697 | 02712 | 04591 11.79380 0.098620 || 4360600 || _0.081700 || _0.016920
26 0.3960 2.5250 0.3960 || 0.2562 0.2605 0.4833 1.105700 0.2546 0.3164 0.4290 12.05090 0.091752 4.292000 0.077200 0.014552
27 0.3960 2.5250 0.3960 || 0.2386 0.3121 0.4493 1.172400 0.2406 0.3583 0.4011 13.43090 0.087291 4.272500 0.073900 0.013391
28| 03960 | 2.5250 | 03960 || 02224 | 03506 | 04180 || 1361900 | 02277 | 03972 | 03751 16.12350 0.084467 || _ 4288500 || 0.071400 |_0.013067
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Appendix 3 continued

U.P. Generated by the

Day _ _ Universal Time-Varying Log-Optimal Optimal S : . S, e
n | Transformed Price Relatives | pirichlet (3, 4, .6) Distr./y || Capital § Portfolio, b* Capital §* 3 I G, &G
29 | 3.0600 | 03333 | 03333 |[0.2078 | 04029 | 03894 | 1.225500 02719 | 03771 | 03510 16.35760 0.074919 4.083900 | 0.066100 | 0.008819
30 | 03960 | 2.5250 | 0.3960 || 02602 | 03791 | 03607 | 1.474300 02588 | 04127 | 0.3285 20.23410 0.072862 4110100 || 0.064200 | 0.008662
31| 05000 | 05000 | 2.0400 || 02455 | 04181 | 03364 || 1.500900 02465 | 03934 | 03601 20.84880 0.071990 4186100 || 0.063100 || 0.008890
32| 05000 | 05000 | 2.0400 || 02319 | 03977 | 03704 || 1.606700 02350 | 03753 | 03897 22.46500 0.071520 4275600 || 0.062400 || 0.009120
33 | 3.0600 | 03333 | 03333 | 02191 | 03785 | 04024 | 1.495300 02736 | 03583 | 0.3681 23.06650 0.064826 4102900 | 0.058400 | 0.006426
34 ][ 03960 | 2.5250 | 0.3960 || 02645 | 03585 | 03769 | 1.733600 02620 | 03903 | 0.3477 27.52020 0.062994 4113400 | 0.056700 | 0.006294
35 || 3.0600 | 03333 | 0.3333 || 02516 | 03934 | 03550 || 1.767300 02977 | 03739 | 03285 30.17290 0.058572 3.988500 || 0.053700 || 0.004872
36| 3.0600 | 03333 | 0.3333 || 02923 | 03748 | 03329 || 1.997500 03314 | 03583 | 03103 3593570 0.055585 3.906200 || 0.051400 || 0.004185
35 ][ 3.0600 | 03333 | 03333 || 02516 | 03934 | 03550 | 1.767300 02977 | 03739 | 0.3285 30.17290 0.058572 3.988500 || 0.053700 | 0.004872
36| 3.0600 | 03333 | 03333 || 0.2923 | 03748 | 03329 | 1.997500 03314 | 03583 | 03103 35.93570 0.055585 3.906200 || 0.051400 | 0.004185
37 || 3.0600 | 03333 | 0.3333 || 03293 | 03578 | 03129 || 2.459200 03632 | 03436 | 02932 46.01220 0.053447 3.855400 || 0.049500 | 0.003947
38 || 03960 | 25250 | 0.3960 || 03634 | 03421 | 0.2945 || 2.764900 03504 | 03726 | 02769 5330740 0.051867 3.855200 || 0.048200 || 0.003667
39 | 03960 | 2.5250 | 0.3960 || 0.3498 | 03732 | 0.2769 | 3.292000 03383 | 04002 | 0.2615 64.96990 0.050670 3.870000 || 0.047100 | 0.003570
40 || 05000 | 0.5000 | 2.0400 | 0.3371 | 0.4024 | 0.2606 || 2.967000 03268 | 03855 | 0.2877 59.96430 0.049479 3.897000 || 0.046100 | 0.003379
41 || 05000 | 0.5000 | 2.0400 | 0.3250 | 0.3870 | 0.880 | 2.799600 03159 | 03716 | 03126 5770180 0.048518 3.934300 || 0.045300 || 0.003218
42| 30600 | 03333 | 03333 | 0.3133 | 03722 | 03145 | 3.325100 03443 | 03583 | 02974 71.17260 0.046719 3.876900 || 0.043800 || 0.002919
43 || 05000 | 0.5000 | 2.0400 |[0.3436 | 03582 | 0.2982 || 3.189400 03335 | 03456 | 0.3209 69.47610 0.045906 3.915700 || 0.043100 | 0.002806
44| 05000 | 0.5000 | 2.0400 |[0.3322 | 03447 | 0.3232 || 3.182000 03231 | 03336 | 0.3433 70.27790 0.045277 3.962200 || 0.042600 | 0.002677
45 || 05000 | 0.5000 | 2.0400 | 0.3213 | 0.3318 | 03470 | 3.291200 03132 | 03220 | 03648 73.46340 0.044801 4015500 || 0.042100 || 0.002701
46| 05000 | 0.5000 | 2.0400 | 0.3109 | 0.3195 | 0.3696 | 3.518900 03037 | 03110 | 0.3853 79.16610 0.044450 4074700 || 0.041800 || 0.002650
47 | 03960 | 2.5250 | 0.3960 | 0.3010 | 03078 | 0.3912 || 3.699500 02947 | 03351 | 03702 85.80560 0.043115 4056500 || 0.040700 | 0.002415
48 | 05000 | 0.5000 | 2.0400 | 0.2914 | 03337 | 0.3750 || 3.986200 02860 | 03243 | 0.3897 93.11610 0.042809 4115200 | 0.040300 | 0.002509
49 | 05000 | 0.5000 | 2.0400 | 0.2823 | 0.3223 | 0.3955 | 4.420600 02777 | 03139 | 0.4085 1.038E+02 0.042590 4178800 || 0.040100 || 0.002490
50 || 03960 | 25250 | 0.3960 || 02736 | 03114 | 04150 || 4.681300 02697 | 03365 | 03938 1.130E+02 0.041438 4162400 || 0.039100 || 0.002338
51 ]| 03960 | 2.5250 | 0.3960 || 02650 | 03355 | 0.3995 | 5.197200 02620 | 03583 | 03797 1.283E+02 0.040507 4157400 || 0.038200 | 0.002307
52 ][ 3.0600 | 03333 | 0.3333 || 0.2569 | 03583 | 0.3848 | 5.372500 02860 | 03478 | 0.3662 1.386E+02 0.038756 4.067800 | 0.036800 | 0.001956
53 || 0.5000 | 05000 | 2.0400 || 02826 | 03472 | 03702 || 5.749100 02783 | 03378 | 03839 1.494E+02 0.038484 4119700 || 0.036500 || 0.001984
54| 05000 | 05000 | 2.0400 || 02746 | 03367 | 03887 || 6.315700 02709 | 03281 | 04011 1.650E+02 0.038277 4175800 || 0.036300 || 0.001977
55 ]| 05000 | 05000 | 2.0400 || 02669 | 03267 | 0.4064 | 7.111000 02637 | 03187 | 04176 1.865E+02 0.038125 4235600 || 0.036100 | 0.002025
56| 05000 | 05000 | 2.0400 |[ 02595 | 03170 | 0.4235 | 8.193400 02568 | 03097 | 0.4335 2.155E+02 0.038022 4298900 | 0.035900 | 0.002122
57 || 03960 | 25250 | 0.3960 || 02523 | 03077 | 04400 || 8.612400 02502 | 03297 | 04202 2.320E+02 0.037121 4281500 || 0.035100 || 0.002021
58 || 03960 | 25250 | 0.3960 || 02452 | 03287 | 04261 || 9.437600 02438 | 0.3489 | 0.4073 2.595E+02 0.036372 4273400 || 0.034400 || 0.001972
59 ][ 05000 | 05000 | 2.0400 || 02384 | 03488 | 04128 | 10.71800 02376 | 03399 | 04226 2.956E+02 0.036263 4331700 || 0.034300 | 0.001963
60 | 05000 | 05000 | 2.0400 |[0.2319 | 03395 | 04286 | 12.43300 02316 | 03311 | 04374 3435E+02 0.036195 4393000 || 0.034100 || 0.002095
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Appendix 3 continued

U. P. Generated by the

Day . . Universal Time-Varying Log-Optimal Optimal S, . . S‘n .
, || Transformed Price Relatives || py;ichiet (3, 4, .6) Distr. b, || Capital § Portfolio, b’ Capital S’ 5 Iy G, o G,
61 0.5000 0.5000 2.0400 || 0.2256 0.3306 0.4438 14.71400 0.2258 0.3226 0.4516 4.069E+02 0.036161 4.457100 0.034000 0.002161
62 0.5000 0.5000 2.0400 || 0.2195 0.3220 0.4585 17.74600 0.2201 0.3144 0.4654 4.908E+02 0.036158 4.524000 0.033900 0.002258
63 3.0600 0.3333 0.3333 || 0.2136 0.3136 0.4728 16.25100 0.2406 0.3065 0.4529 4.719E+02 0.034436 4.407400 0.032600 0.001836
64 0.5000 0.5000 2.0400 || 0.2359 0.3049 0.4592 19.61700 0.2350 0.2988 0.4663 5.700E+02 0.034417 4.471600 0.032600 0.001817
65 0.3960 2.5250 0.3960 |f 0.2301 0.2970 0.4729 20.17300 0.2295 0.3164 0.4541 5.990E+02 0.033678 4.450200 0.031900 0.001778
66 0.3960 2.5250 0.3960 || 0.2242 0.3155 0.4603 21.53800 0.2241 0.3336 0.4423 6.517E+02 0.033050 4.436900 0.031300 0.001750
67 0.3960 2.5250 0.3960 || 0.2185 0.3333 0.4482 23.81300 0.2190 0.3502 0.4309 7.324E+02 0.032513 4.430700 0.030800 0.001713
68 3.0600 0.3333 0.3333 [ 0.2130 0.3505 0.4365 21.76800 0.2380 0.3423 0.4197 7.004E+02 0.031080 4.323300 0.029700 0.001380
69 0.5000 0.5000 2.0400 || 0.2335 0.3420 0.4245 25.11400 0.2327 0.3346 0.4326 8.099E+02 0.031009 4.375700 0.029600 0.001409
70 3.0600 0.3333 0.3333 [ 0.2281 0.3342 0.4377 23.99100 0.2510 0.3272 0.4218 8.041E+02 0.029836 4.283100 0.028600 0.001236
71 0.5000 0.5000 2.0400 || 0.2475 0.3263 0.4262 27.74300 0.2457 0.3200 0.4343 9.321E+02 0.029763 4.333900 0.028500 0.001263
72 0.3960 2.5250 0.3960 || 0.2421 0.3189 0.4390 29.82400 0.2406 0.3356 0.4237 1.020E+03 0.029249 4.323100 0.028000 0.001249
73 0.5000 0.5000 2.0400 || 0.2367 0.3351 0.4282 34.57800 0.2357 0.3285 0.4359 1.185E+03 0.029185 4.373200 0.028000 0.001185
74 0.5000 0.5000 2.0400 || 0.2316 0.3278 0.4406 40.74900 0.2308 0.3215 0.4476 1.398E+03 0.029139 4.425300 0.027900 0.001239
75 0.5000 0.5000 2.0400 || 0.2266 0.3208 0.4526 48.77800 0.2261 0.3148 0.4591 1.676E+03 0.029110 4.479100 0.027800 0.001310
76 0.5000 0.5000 2.0400 || 0.2217 0.3139 0.4643 59.26900 0.2215 0.3082 0.4703 2.037E+03 0.029095 4.534700 0.027700 0.001395
77 0.3960 2.5250 0.3960 || 0.2170 0.3072 0.4758 62.23900 0.2171 0.3230 0.4600 2.175E+03 0.028612 4.519600 0.027300 0.001312
78 3.0600 0.3333 0.3333 [ 0.2123 0.3225 0.4652 56.77100 0.2337 0.3164 0.4499 2.062E+03 0.027535 4.421600 0.026400 0.001135
79 3.0600 0.3333 0.3333 | 0.2299 0.3155 0.4545 54.51400 0.2498 0.3101 0.4401 2.046E+03 0.026641 4.338700 0.025700 0.000941
80 3.0600 0.3333 0.3333 | 0.2469 0.3088 0.4443 54.86400 0.2656 0.3039 0.4305 2.120E+03 0.025881 4.268400 0.025000 0.000881
81 0.5000 0.5000 2.0400 || 0.2632 0.3024 0.4344 64.13400 0.2608 0.2978 0.4414 2.483E+03 0.025827 4.313900 0.024900 0.000927
82 0.5000 0.5000 2.0400 || 0.2584 0.2962 0.4454 76.06000 0.2561 0.2919 0.4520 2.950E+03 0.025785 4.360900 0.024900 0.000885
83 0.5000 0.5000 2.0400 || 0.2536 0.2902 0.4562 91.46400 0.2516 0.2862 0.4623 3.551E+03 0.025754 4.409300 0.024800 0.000954
84 0.3960 2.5250 0.3960 || 0.2490 0.2843 0.4667 91.58800 0.2471 0.3000 0.4529 3.622E+03 0.025283 4.387800 0.024400 0.000883
85 0.3960 2.5250 0.3960 ([ 0.2443 0.2986 0.4570 94.49600 0.2428 0.3135 0.4438 3.800E+03 0.024866 4.371500 0.024000 0.000866
86 0.3960 2.5250 0.3960 || 0.2398 0.3125 0.4477 100.2900 0.2385 0.3267 0.4348 4.094E+03 0.024494 4.359900 0.023700 0.000794
87 0.5000 0.5000 2.0400 || 0.2355 0.3260 0.4385 117.8700 0.2344 0.3208 0.4449 4.821E+03 0.024451 4.403700 0.023600 0.000851
88 3.0600 0.3333 0.3333 | 0.2312 0.3200 0.4488 113.6000 0.2489 0.3150 0.4361 4.783E+03 0.023751 4.329400 0.023000 0.000751
89 0.3960 2.5250 0.3960 [ 0.2463 0.3140 0.4397 120.9400 0.2447 0.3277 0.4276 5.167E+03 0.023408 4.318800 0.022700 0.000708
90 0.5000 0.5000 2.0400 || 0.2420 0.3271 0.4310 140.7300 0.2406 0.3220 0.4374 6.024E+03 0.023361 4.359700 0.022600 0.000761
91 0.3960 2.5250 0.3960 || 0.2378 0.3213 0.4409 151.9900 0.2366 0.3344 0.4290 6.595E+03 0.023046 4.351200 0.022300 0.000746
92 0.5000 0.5000 2.0400 || 0.2337 0.3339 0.4324 177.1900 0.2327 0.3287 0.4385 7.703E+03 0.023003 4.391700 0.022300 0.000703
93 3.0600 0.3333 0.3333 || 0.2297 0.3282 0.4421 170.0600 0.2465 0.3232 0.4303 7.600E+03 0.022375 4.320400 0.021700 0.000675
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Appendix 3 continued

U.P. Generated by the

Day ) ) Universal Time-Varying Log-Optimal Optimal §n . i S‘n .
n | Transformed Price Relatives || pyivepieq (3, 4, .6) Distr.f, | Capital §, Portfolio, b, Capital §* ra I G, 5 O
94 0.3960 2.5250 0.3960 [ 0.2440 0.3224 0.4336 184.0900 0.2426 0.3351 0.4223 8.336E+03 0.022084 4.312600 0.021400 0.000684
95 0.5000 0.5000 2.0400 || 0.2400 0.3346 0.4254 212.6400 0.2387 0.3297 0.4316 9.649E+03 0.022037 4.350500 0.021400 0.000637
96 0.5000 0.5000 | 2.0400 | 0.2360 0.3291 0.4349 248.7200 0.2350 0.3243 0.4408 1.131E+04 0.021998 4.389600 0.021300 0.000698
97 0.3960 2.5250 | 0.3960 || 0.2322 0.3237 0.4441 269.8900 0.2313 0.3359 0.4329 1.242E+04 0.021725 4.382100 0.021100 0.000625
98 0.3960 2.5250 0.3960 [l 0.2284 0.3355 0.4361 299.6400 0.2277 0.3472 0.4251 1.395E+04 0.021476 4.377800 0.020800 0.000676
99 0.5000 0.5000 2.0400 | 0.2247 0.3470 0.4283 347.4400 0.2241 0.3418 0.4341 1.621E+04 0.021438 4.415100 0.020800 0.000638
100 0.3960 2.5250 | 0.3960 || 0.2211 0.3416 0.4373 390.2600 0.2207 0.3529 0.4265 1.840E+04 0.021206 4.412400 0.020600 0.000606
101 0.5000 0.5000 | 2.0400 || 0.2175 0.3528 0.4296 453.3200 0.2173 0.3475 0.4352 2.141E+04 0.021172 4.449300 0.020500 0.000672
102 0.3960 2.5250 0.3960 || 0.2141 0.3475 0.4385 514.8600 0.2140 0.3583 0.4277 2.457E+04 0.020957 4.448000 0.020300 0.000657
103 0.3960 2.5250 0.3960 [l 0.2106 0.3584 0.4309 596.7700 0.2107 0.3689 0.4204 2.875E+04 0.020760 4.449300 0.020100 0.000660
104 0.3960 2.5250 | 0.3960 | 0.2073 0.3692 0.4235 705.3700 0.2075 0.3792 0.4133 3.428E+04 0.020579 4.452900 0.019900 0.000679
105 0.5000 0.5000 | 2.0400 || 0.2040 0.3797 0.4163 804.8900 0.2043 0.3739 0.4218 3.918E+04 0.020544 4.487100 0.019900 0.000644
106 0.5000 0.5000 2.0400 | 0.2008 0.3743 0.4249 929.1800 0.2013 0.3686 0.4302 4.529E+04 0.020516 4.522300 0.019800 0.000716
107 0.3960 2.5250 0.3960 [ 0.1976 0.3690 0.4334 1097.900 0.1982 0.3786 0.4231 5.396E+04 0.020346 4.525800 0.019700 0.000646
108 0.3960 2.5250 | 0.3960 || 0.1945 0.3792 0.4263 1321.100 0.1953 0.3885 0.4162 6.544E+04 0.020189 4.531400 0.019500 0.000689
109 0.3960 2.5250 | 0.3960 || 0.1914 0.3893 0.4193 1618.000 0.1924 0.3983 0.4094 8.072E+04 0.020044 4.539000 0.019300 0.000744
110 3.0600 0.3333 0.3333 || 0.1884 0.3991 0.4125 1370.500 0.2043 0.3929 0.4027 7.056E+04 0.019422 4.453000 0.018800 0.000622
111 0.3960 2.5250 0.3960 [l 0.2010 0.3935 0.4055 1691.000 0.2014 0.4024 0.3962 8.769E+04 0.019284 4.461200 0.018700 0.000584
112 0.3960 2.5250 | 0.3960 | 0.1980 0.4032 0.3988 2121.100 0.1985 0.4118 0.3897 1.107E+05 0.019156 4.471100 0.018600 0.000556
113 0.5000 0.5000 | 2.0400 || 0.1950 0.4126 0.3924 2342.200 0.1957 0.4065 0.3979 1.225E+05 0.019118 4.500100 0.018500 0.000618
114 0.5000 0.5000 2.0400 || 0.1921 0.4073 0.4006 2616.100 0.1929 0.4013 0.4058 1.371E+05 0.019085 4.530000 0.018500 0.000585
115 3.0600 0.3333 0.3333 [| 0.1892 0.4021 0.4087 2221.600 0.2043 0.3962 0.3995 1.199E+05 0.018525 4.448100 0.018000 0.000525
116 3.0600 0.3333 0.3333 || 0.2012 0.3968 0.4020 1959.300 0.2156 0.3911 0.3932 1.086E+05 0.018036 4.374900 0.017600 0.000436
117 0.3960 2.5250 | 0.3960 || 0.2129 0.3916 0.3956 2409.200 0.2127 0.4002 0.3871 1.345E+05 0.017909 4.382200 0.017400 0.000509
118 0.3960 2.5250 0.3960 (| 0.2099 0.4007 0.3894 3009.300 0.2099 0.4090 0.3811 1.692E+05 0.017790 4.390900 0.017300 0.000490
119 0.5000 0.5000 2.0400 || 0.2070 0.4097 0.3833 3280.900 0.2071 0.4040 0.3889 1.849E+05 0.017748 4.416900 0.017300 0.000448
120 3.0600 0.3333 0.3333 || 0.2042 0.4046 0.3912 2920.100 0.2180 0.3991 0.3829 1.687E+05 0.017305 4.348000 0.016900 0.000405
121 3.0600 0.3333 0.3333 [ 0.2154 0.3996 0.3850 2688.500 0.2286 0.3943 0.3771 1.590E+05 0.016911 4.286200 0.016500 0.000411
122 0.5000 0.5000 2.0400 || 0.2264 0.3946 0.3790 2913.300 0.2258 0.3895 0.3847 1.727E+05 0.016864 4.310500 0.016500 0.000364
123 0.5000 0.5000 2.0400 | 0.2235 0.3898 0.3867 3191.600 0.2229 0.3849 0.3922 1.897E+05 0.016823 4.335500 0.016400 0.000423
124 3.0600 0.3333 0.3333 || 0.2206 0.3851 0.3943 2983.500 0.2333 0.3802 0.3864 1.812E+05 0.016461 4.277600 0.016100 0.000361
125 3.0600 0.3333 0.3333 || 0.2313 0.3804 0.3883 2875.700 0.2435 0.3757 0.3807 1.782E+05 0.016134 4.225400 0.015800 0.000334
126 0.3960 2.5250 0.3960 (| 0.2417 0.3758 0.3825 3439.400 0.2406 0.3842 0.3751 2.148E+05 0.016014 4.229300 0.015700 0.000314
127 0.3960 2.5250 0.3960 [ 0.2388 0.3844 0.3769 4176.600 0.2378 0.3926 0.3696 2.627E+05 0.015902 4.234600 0.015600 0.000302
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Appendix 3 continued

Day ) ) U.P. Generated by the Universal Time-Varying Log-Optimal Optimal S . . S .

n | Transformed Price Relatives || pyiriepieq (3, 4, .6) Distr.f, | Capital §, Portfolio, 5 Capital §° 5 I G, 5 O
128 3.0600 0.3333 0.3333 || 0.2359 0.3928 0.3713 4078.300 0.2477 0.3881 0.3642 2.614E+05 0.015602 4.185900 0.015300 0.000302
129 0.3960 2.5250 0.3960 [ 0.2460 0.3882 0.3657 4985.900 0.2449 0.3963 0.3589 3.218E+05 0.015496 4.191600 0.015200 0.000296
130 || 3.0600 | 03333 | 0.3333 | 0.0431 | 03965 | 0.3603 | 4967200 || 0546 | 03918 | 0353 | 3.263E+05 | 0015221 | 4146900 | 0.014900 | 0.000321
131 || 30600 | 03333 | 0.3333 | 0.2531 | 03920 | 03550 || 5083000 || 02642 | 03874 | 03484 | 3.396E+05 | 0014969 | 4106400 | 0.014700 | 0.000269
132 3.0600 0.3333 0.3333 || 0.2628 0.3875 0.3497 5336.700 0.2736 0.3830 0.3433 3.622E+05 0.014735 4.069900 0.014500 0.000235
133 0.5000 0.5000 2.0400 || 0.2724 0.3831 0.3445 5499.500 0.2706 0.3788 0.3506 3.746E+05 0.014681 4.087400 0.014400 0.000281
134 | 0390 | 25250 | 0.3960 || 0.0694 | 03788 | 03518 | 6612800 || 02677 | 03867 | 03456 | 4.536E+05 | 0014579 | 4091300 | 0.014300 | 0.000275
135 || 3.0600 | 03333 | 0.3333 | 0.0664 | 03868 | 0.3467 | 7008200 || 02769 | 03825 | 03406 | 4.880E+05 | 0014361 | 4056800 | 0.014100 | 0.000261
136 0.5000 0.5000 2.0400 | 0.2758 0.3825 0.3417 7191.600 0.2740 0.3783 0.3477 5.026E+05 0.014308 4.073600 0.014100 0.000208
137 0.5000 0.5000 2.0400 || 0.2728 0.3783 0.3489 7459.500 0.2711 0.3742 0.3547 5.232E+05 0.014258 4.091100 0.014000 0.000258
138 || 05000 | 0.5000 | 2.0400 || 0.0699 | 03742 | 03560 || 7818800 || 02682 | 03701 | 03616 | 5.502E+05 | 0014212 | 4109200 | 0.014000 | 0.000212
139 | 3.0600 | 03333 | 03333 | 0.670 | 03701 | 03629 | 8208300 || 02772 | 03661 | 03567 | 5.025E+05 | 0014006 | 4075700 | 0.013800 | 0.000206
140 0.5000 0.5000 2.0400 || 0.2761 0.3660 0.3579 8723.100 0.2743 0.3622 0.3635 6.248E+05 0.013962 4.093700 0.013700 0.000262
141 3.0600 0.3333 0.3333 || 0.2732 0.3620 0.3648 9405.100 0.2831 0.3583 0.3586 6.831E+05 0.013769 4.062600 0.013600 0.000169
142 | 05000 | 0.5000 | 2.0400 || 0.0821 | 03581 | 03598 | 9914200 || 02802 | 03545 | 03653 | 7.223E+05 | 0013726 | 4080500 | 0.013500 | 0.000226
143 | 03960 | 25250 | 0.3960 || 0.0792 | 03542 | 03666 || 1140300 || 02774 | 03621 | 03605 | 8.370E+05 | 0013624 | 4080500 | 0.013400 | 0.000224
144 3.0600 0.3333 0.3333 | 0.2763 0.3620 0.3617 12393.00 0.2860 0.3583 0.3557 9.219E+05 0.013443 4.050900 0.013200 0.000243
145 3.0600 0.3333 0.3333 [| 0.2850 0.3581 0.3569 13762.00 0.2944 0.3545 0.3510 1.037E+06 0.013274 4.024100 0.013100 0.000174
146 || 03960 | 25250 | 0.3960 | 0.0936 | 03543 | 03521 | 1583100 | 0916 | 03620 | 03464 | 1201E+06 | 0013177 | 4024100 | 0.013000 | 0.000177
147 | 05000 | 0.5000 | 2.0400 | 0.907 | 03619 | 0.3474 || 1638600 || 0888 | 03583 | 03529 | 1.048E+06 | 0013133 | 4040000 | 0.012900 | 0.000233
148 0.3960 2.5250 0.3960 [l 0.2879 0.3581 0.3540 18982.00 0.2860 0.3657 0.3483 1.456E+06 0.013041 4.040600 0.012800 0.000241
149 3.0600 0.3333 0.3333 | 0.2851 0.3655 0.3494 21080.00 0.2942 0.3620 0.3438 1.637E+06 0.012881 4.014600 0.012700 0.000181
150 || 03960 | 25250 | 0.3960 || 0.934 | 03618 | 03448 | 2458600 | 0914 | 03692 | 03394 | 1.922E+06 | 0012793 | 4015600 | 0.012600 | 0.000193
I5I_|[ 05000 | 0.5000 | 2.0400 || 0.2906 | 03691 | 03403 || 257800 || 02887 | 03655 | 03458 | 1.075E+06 | 0012749 | 4030400 | 0.012600 | 0.000149
152 0.5000 0.5000 2.0400 | 0.2878 0.3654 0.3468 26036.00 0.2860 0.3619 0.3521 2.049E+06 0.012708 4.045700 0.012500 0.000208
153 0.3960 2.5250 0.3960 || 0.2851 0.3617 0.3532 30361.00 0.2833 0.3690 0.3477 2.405E+06 0.012623 4.046800 0.012400 0.000223
154 | 03960 | 25250 | 0.3960 || 0.824 | 03689 | 03487 | 3586700 || 02807 | 03760 | 03433 | 2.860E+06 | 0012542 | 4048800 | 0.012400 | 0.000142
155 || 3.0600 | 03333 | 03333 | 0.797 | 03760 | 0343 | 3931300 || 02886 | 03723 | 03390 | 3.173E+06 | 0012390 | 4022300 | 0.012200 | 0.00019
156 3.0600 0.3333 0.3333 || 0.2878 0.3723 0.3399 43951.00 0.2965 0.3688 0.3348 3.589E+06 0.012248 3.998100 0.012100 0.000148
157 0.5000 0.5000 2.0400 || 0.2957 0.3687 0.3356 44692.00 0.2938 0.3652 0.3410 3.661E+06 0.012206 4.011900 0.012000 0.000206
158 || 03960 | 25250 | 0.3960 || 0.930 | 03651 | 03419 | 5243000 | 02912 | 03721 | 03363 | 4.324E+06 | 0012128 | 4013300 | 0.012000 | 0.000128
159 | 03960 | 2.5250 | 0.3960 || 0.2903 | 03720 | 03376 || 6230000 || _0.2886 | 03783 | 0332 | 5.168E+06 | 0012054 | 4015600 | 0.011900 | 0.000154
160 3.0600 0.3333 0.3333 || 0.2877 0.3788 0.3334 69642.00 0.2962 0.3753 0.3285 5.843E+06 0.011919 3.992000 0.011800 0.000119
161 3.0600 0.3333 0.3333 || 0.2955 0.3753 0.3293 79316.00 0.3037 0.3718 0.3244 6.727E+06 0.011791 3.970500 0.011600 0.000191

183




Appendix 3 continued

U.P. Generated by the

A

Day ) ) Universal Time-Varying Log-Optimal Optimal S'n B " S, .

n Transformed Price Relatives | by, oper (.3, .4, .6) Distr. [;n Capital S‘n Portfolio, bn Capital §” F p Gn S -G,
162 0.3960 2.5250 0.3960 || 0.3031 0.3718 0.3251 94189.00 0.3011 0.3785 0.3204 8.036E+06 0.011720 3.972700 0.011600 0.000120
163 3.0600 0.3333 0.3333 || 0.3004 0.3785 0.3211 1.09E+05 0.3085 0.3750 0.3165 9.358E+06 0.011599 3.952600 0.011400 0.000199
164 0.3960 2.5250 0.3960 || 0.3079 0.3750 0.3171 1.30E+05 0.3059 0.3815 0.3126 1.124E+07 0.011532 3.955200 0.011400 0.000132
165 3.0600 0.3333 0.3333 || 0.3053 0.3816 0.3131 1.51E+05 0.3132 0.3781 0.3087 1.324E+07 0.011418 3.936500 0.011300 0.000118
166 0.3960 2.5250 0.3960 || 0.3127 0.3781 0.3092 1.82E+05 0.3106 0.3845 0.3049 1.599E+07 0.011354 3.939400 0.011200 0.000154
167 0.3960 2.5250 0.3960 || 0.3100 0.3846 0.3054 2.21E+05 0.3080 0.3909 0.3011 1.953E+07 0.011293 3.943000 0.011100 0.000193
168 0.3960 2.5250 0.3960 | 0.3074 0.3910 0.3015 2.71E+05 0.3054 0.3972 0.2974 2.412E+07 0.011234 3.947300 0.011100 0.000134
169 0.5000 0.5000 2.0400 || 0.3049 0.3974 0.2978 2.60E+05 0.3029 0.3937 0.3034 2.321E+07 0.011187 3.956400 0.011000 0.000187
170 0.3960 2.5250 0.3960 || 0.3023 0.3939 0.3038 3.21E+05 0.3004 0.3999 0.2997 2.880E+07 0.011130 3.961100 0.011000 0.000130
171 3.0600 0.3333 0.3333 | 0.2998 0.4001 0.3001 3.69E+05 0.3075 0.3965 0.2960 3.347E+07 0.011022 3.941800 0.010900 0.000122
172 0.5000 0.5000 2.0400 | 0.3069 0.3967 0.2964 3.53E+05 0.3050 0.3931 0.3019 3.215E+07 0.010976 3.950600 0.010800 0.000176
173 0.5000 0.5000 2.0400 || 0.3044 0.3933 0.3023 3.41E+05 0.3025 0.3898 0.3077 3.116E+07 0.010933 3.959900 0.010800 0.000133
174 3.0600 0.3333 0.3333 || 0.3019 0.3899 0.3082 3.94E+05 0.3095 0.3865 0.3041 3.639E+07 0.010829 3.941400 0.010700 0.000129
175 3.0600 0.3333 0.3333 | 0.3089 0.3865 0.3045 4.63E+05 0.3163 0.3832 0.3005 4.317E+07 0.010730 3.924400 0.010600 0.000130
176 3.0600 0.3333 0.3333 || 0.3158 0.3833 0.3009 5.53E+05 0.3231 0.3800 0.2969 5.203E+07 0.010636 3.908900 0.010500 0.000136
177 3.0600 0.3333 0.3333 || 0.3227 0.3800 0.2973 6.71E+05 0.3298 0.3768 0.2934 6.365E+07 0.010546 3.894800 0.010400 0.000146
178 3.0600 0.3333 0.3333 || 0.3294 0.3768 0.2938 8.27E+05 0.3364 0.3736 0.2900 7.903E+07 0.010461 3.881900 0.010300 0.000161
179 3.0600 0.3333 0.3333 || 0.3361 0.3736 0.2902 1.03E+06 0.3430 0.3705 0.2865 9.955E+07 0.010379 3.870300 0.010300 0.000079
180 0.3960 2.5250 0.3960 || 0.3427 0.3705 0.2868 1.22E+06 0.3404 0.3764 0.2831 1.186E+08 0.010324 3.872100 0.010200 0.000124
181 3.0600 0.3333 0.3333 [| 0.3402 0.3765 0.2833 1.54E+06 0.3469 0.3733 0.2798 1.506E+08 0.010247 3.861200 0.010100 0.000147
182 0.5000 0.5000 2.0400 || 0.3467 0.3734 0.2799 1.44E+06 0.3443 0.3703 0.2854 1.409E+08 0.010201 3.867900 0.010100 0.000101
183 3.0600 0.3333 0.3333 || 0.3441 0.3703 0.2856 1.83E+06 0.3507 0.3672 0.2821 1.804E+08 0.010127 3.857800 0.010000 0.000127
184 0.3960 2.5250 0.3960 || 0.3505 0.3672 0.2823 2.15E+06 0.3481 0.3731 0.2788 2.136E+08 0.010074 3.859100 0.010000 0.000074
185 0.3960 2.5250 0.3960 || 0.3479 0.3732 0.2789 2.56E+06 0.3456 0.3789 0.2755 2.556E+08 0.010023 3.861100 0.009900 0.000123
186 0.5000 0.5000 2.0400 || 0.3454 0.3790 0.2756 2.37E+06 0.3431 0.3759 0.2811 2.374E+08 0.009978 3.867200 0.009900 0.000078
187 0.3960 2.5250 0.3960 || 0.3428 0.3759 0.2812 2.83E+06 0.3406 0.3816 0.2778 2.854E+08 0.009929 3.869400 0.009800 0.000129
188 0.3960 2.5250 0.3960 || 0.3403 0.3817 0.2780 3.43E+06 0.3381 0.3873 0.2746 3.466E+08 0.009882 3.872300 0.009800 0.000082
189 0.5000 0.5000 2.0400 || 0.3379 0.3874 0.2747 3.16E+06 0.3357 0.3842 0.2801 3.214E+08 0.009838 3.878200 0.009700 0.000138
190 0.3960 2.5250 0.3960 || 0.3354 0.3844 0.2803 3.84E+06 0.3333 0.3898 0.2769 3.920E+08 0.009792 3.881300 0.009700 0.000092
191 0.3960 2.5250 0.3960 || 0.3330 0.3900 0.2770 4.71E+06 0.3309 0.3953 0.2738 4.829E+08 0.009748 3.884900 0.009600 0.000148
192 0.5000 0.5000 2.0400 || 0.3306 0.3956 0.2739 4.34E+06 0.3285 0.3923 0.2792 4.471E+08 0.009706 3.890700 0.009600 0.000106
193 3.0600 0.3333 0.3333 [ 0.3282 0.3925 0.2793 5.33E+06 0.3346 0.3893 0.2760 5.532E+08 0.009634 3.878600 0.009500 0.000134
194 0.5000 0.5000 2.0400 | 0.3344 0.3895 0.2761 4.93E+06 0.3323 0.3864 0.2814 5.140E+08 0.009593 3.884500 0.009500 0.000093
195 0.3960 2.5250 0.3960 || 0.3320 0.3865 0.2815 6.01E+06 0.3300 0.3918 0.2782 6.294E+08 0.009550 3.887700 0.009400 0.000150
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Appendix 3 continued

U.P. Generated by the

A

Da . . Universal Time-Varying Log-Optimal Optimal S, . ; S, .

o | Transformed Price Relatives | 1:< hier (3. 4. 6) Disr. b | Capital § Portfolio, b’ Capital §° 5 1 G, 5 O
196 3.0600 0.3333 0.3333 || 0.3297 0.3920 0.2784 7.41E+06 0.3360 0.3888 0.2752 7.812E+08 0.009480 3.876000 0.009400 0.000080
197 0.5000 0.5000 2.0400 | 0.3357 0.3890 0.2753 6.84E+06 0.3337 0.3859 0.2804 7.248E+08 0.009440 3.881700 0.009300 0.000140
198 0.5000 0.5000 | 2.0400 || 0.3334 | 0.3861 0.2806 6.38E+06 0.3314 0.3830 0.2856 6.783E+08 0.009402 3.887900 0.009300 0.000102
199 3.0600 0.3333 | 0.3333 || 0.3310 | 0.3831 0.2858 7.88E+06 0.3373 0.3802 0.2825 8.444E+08 0.009335 3.876600 0.009200 0.000135
200 3.0600 0.3333 0.3333 || 0.3370 0.3803 0.2827 9.87E+06 0.3431 0.3774 0.2795 1.065E+09 0.009270 3.866300 0.009200 0.000070
201 0.3960 2.5250 | 0.3960 | 0.3429 0.3774 0.2796 1.18E+07 0.3408 0.3827 0.2765 1.283E+09 0.009228 3.868500 0.009100 0.000128
202 0.3960 2.5250 | 0.3960 | 0.3406 | 0.3828 0.2766 1.43E+07 0.3385 0.3879 0.2735 1.561E+09 0.009187 3.871200 0.009100 0.000087
203 3.0600 0.3333 | 0.3333 | 0.3383 0.3881 0.2736 1.80E+07 0.3443 0.3851 0.2706 1.973E+09 0.009126 3.861300 0.009000 0.000126
204 0.5000 0.5000 2.0400 || 0.3441 0.3853 0.2706 1.65E+07 0.3420 0.3823 0.2757 1.816E+09 0.009087 3.866400 0.009000 0.000087
205 0.3960 2.5250 | 0.3960 || 0.3418 0.3824 0.2758 2.00E+07 0.3398 0.3875 0.2727 2.208E+09 0.009048 3.869000 0.008900 0.000148
206 0.3960 2.5250 | 0.3960 | 0.3395 | 0.3877 0.2728 2.44E+07 0.3375 0.3927 0.2698 2.708E+09 0.009010 3.872100 0.008900 0.000110
207 0.3960 2.5250 | 0.3960 | 0.3373 0.3928 0.2699 3.01E+07 0.3353 0.3977 0.2670 3.351E+09 0.008973 3.875700 0.008900 0.000073
208 3.0600 0.3333 0.3333 [l 0.3351 0.3980 0.2670 3.75E+07 0.3409 0.3949 0.2641 4.206E+09 0.008914 3.865500 0.008800 0.000114
209 0.3960 2.5250 | 0.3960 | 0.3408 0.3952 0.2641 4.64E+07 0.3387 0.4000 0.2613 5.224E+09 0.008878 3.869200 0.008800 0.000078
210 0.5000 0.5000 | 2.0400 | 0.3385 | 0.4002 0.2612 4.19E+07 0.3365 0.3972 0.2663 4.735E+09 0.008840 3.873400 0.008700 0.000140
211 0.5000 0.5000 | 2.0400 | 0.3363 0.3974 0.2663 3.81E+07 0.3344 0.3944 0.2712 4.327E+09 0.008803 3.878000 0.008700 0.000103
212 0.5000 0.5000 2.0400 || 0.3341 0.3946 0.2713 3.50E+07 0.3322 0.3917 0.2761 3.987E+09 0.008768 3.882900 0.008700 0.000068
213 3.0600 0.3333 0.3333 || 0.3319 0.3918 0.2762 4.33E+07 0.3377 0.3890 0.2733 4.971E+09 0.008710 3.872500 0.008600 0.000110
214 3.0600 0.3333 | 0.3333 || 0.3375 | 0.3891 0.2734 5.43E+07 0.3432 0.3863 0.2705 6.271E+09 0.008654 3.862900 0.008600 0.000054
215 0.3960 2.5250 | 0.3960 | 0.3430 | 0.3864 0.2705 6.61E+07 0.3411 0.3912 0.2677 7.674E+09 0.008619 3.865800 0.008500 0.000119
216 0.5000 0.5000 2.0400 | 0.3409 0.3914 0.2677 6.03E+07 0.3389 0.3885 0.2725 7.029E+09 0.008584 3.870400 0.008500 0.000084
217 0.3960 2.5250 | 0.3960 | 0.3387 0.3887 0.2726 7.38E+07 0.3368 0.3934 0.2698 8.635E+09 0.008550 3.873400 0.008500 0.000050
218 0.3960 2.5250 | 0.3960 | 0.3366 | 0.3936 0.2698 9.11E+07 0.3347 0.3983 0.2671 1.070E+10 0.008517 3.876900 0.008400 0.000117
219 3.0600 0.3333 | 0.3333 || 0.3345 | 0.3985 0.2671 1.13E+08 0.3401 0.3956 0.2644 1.340E+10 0.008464 3.867100 0.008400 0.000064
220 3.0600 0.3333 0.3333 || 0.3399 0.3958 0.2643 1.43E+08 0.3454 0.3929 0.2617 1.699E+10 0.008411 3.858000 0.008300 0.000111
221 0.3960 2.5250 | 0.3960 | 0.3452 0.3931 0.2616 1.76E+08 0.3433 0.3977 0.2590 2.103E+10 0.008380 3.861400 0.008300 0.000080
222 3.0600 0.3333 | 0.3333 | 0.3431 0.3979 0.2590 2.24E+08 0.3485 0.3951 0.2564 2.685E+10 0.008330 3.852900 0.008200 0.000130
223 0.5000 0.5000 | 2.0400 | 0.3484 | 0.3953 0.2563 2.00E+08 0.3464 0.3925 0.2611 2.412E+10 0.008295 3.856400 0.008200 0.000095
224 3.0600 0.3333 0.3333 | 0.3463 0.3927 0.2611 2.56E+08 0.3516 0.3899 0.2585 3.099E+10 0.008246 3.848400 0.008200 0.000046
225 0.5000 0.5000 2.0400 || 0.3515 0.3901 0.2584 2.30E+08 0.3495 0.3873 0.2632 2.795E+10 0.008212 3.852000 0.008100 0.000112
226 3.0600 0.3333 | 0.3333 || 0.3494 | 0.3875 0.2631 2.95E+08 0.3546 0.3848 0.2606 3.614E+10 0.008165 3.844400 0.008100 0.000065
227 3.0600 0.3333 | 0.3333 || 0.3545 | 0.3850 0.2605 3.84E+08 0.3597 0.3823 0.2580 4.725E+10 0.008120 3.837500 0.008000 0.000120
228 3.0600 0.3333 0.3333 || 0.3597 0.3824 0.2579 5.04E+08 0.3648 0.3798 0.2554 6.242E+10 0.008077 3.831300 0.008000 0.000077
229 0.5000 0.5000 2.0400 || 0.3647 0.3799 0.2553 4.50E+08 0.3626 0.3773 0.2600 5.598E+10 0.008043 3.834600 0.008000 0.000043
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Appendix 3 continued

Day . . U.P. Generated by the Universal Time-Varying Log-Optimal Optimal S i . S .

N Transformed Price Relatives || .. (3. 4. 6) Distr. l;n Capital §n Portfolio, b’ Capital §° & ‘J ; G, ra G,
230 0.5000 0.5000 2.0400 || 0.3626 0.3774 0.2600 4.05E+08 0.3605 0.3749 0.2646 5.061E+10 0.008011 3.838200 0.007900 0.000111
231 0.5000 0.5000 2.0400 || 0.3605 0.3750 0.2646 3.68E+08 0.3584 0.3724 0.2691 4.610E+10 0.007980 3.842200 0.007900 0.000080
232 0.3960 2.5250 0.3960 [ 0.3583 0.3725 0.2691 4.37E+08 0.3564 0.3771 0.2666 5.504E+10 0.007948 3.843700 0.007900 0.000048
233 3.0600 0.3333 0.3333 [ 0.3563 0.3772 0.2666 5.71E+08 0.3613 0.3747 0.2640 7.220E+10 0.007906 3.837200 0.007800 0.000106
234 3.0600 0.3333 0.3333 |f 0.3612 0.3748 0.2640 7.52E+08 0.3662 0.3723 0.2615 9.568E+10 0.007864 3.831300 0.007800 0.000064
235 0.3960 2.5250 0.3960 [ 0.3662 0.3724 0.2615 8.94E+08 0.3642 0.3768 0.2590 1.142E+11 0.007834 3.832700 0.007800 0.000034
236 0.5000 0.5000 2.0400 || 0.3641 0.3770 0.2589 8.04E+08 0.3621 0.3744 0.2635 1.030E+11 0.007803 3.836200 0.007700 0.000103
237 0.5000 0.5000 2.0400 | 0.3620 0.3745 0.2634 7.28E+08 0.3601 0.3721 0.2679 9.366E+10 0.007773 3.839900 0.007700 0.000073
238 0.5000 0.5000 2.0400 || 0.3600 0.3722 0.2679 6.64E+08 0.3580 0.3697 0.2722 8.579E+10 0.007745 3.844100 0.007700 0.000045
239 3.0600 0.3333 0.3333 [ 0.3579 0.3698 0.2723 8.70E+08 0.3629 0.3674 0.2697 1.129E+11 0.007705 3.837900 0.007600 0.000105
240 3.0600 0.3333 0.3333 || 0.3628 0.3675 0.2698 1.15E+09 0.3676 0.3651 0.2673 1.501E+11 0.007666 3.832300 0.007600 0.000066
241 0.3960 2.5250 0.3960 || 0.3676 0.3651 0.2673 1.35E+09 0.3656 0.3696 0.2648 1.768E+11 0.007635 3.833100 0.007600 0.000035
242 0.3960 2.5250 0.3960 [ 0.3655 0.3697 0.2648 1.60E+09 0.3636 0.3740 0.2624 2.100E+11 0.007605 3.834200 0.007500 0.000105
243 0.5000 0.5000 2.0400 || 0.3635 0.3741 0.2623 1.44E+09 0.3616 0.3717 0.2667 1.905E+11 0.007577 3.837800 0.007500 0.000077
244 0.5000 0.5000 2.0400 || 0.3615 0.3718 0.2667 1.31E+09 0.3596 0.3695 0.2709 1.741E+11 0.007550 3.841800 0.007500 0.000050
245 0.5000 0.5000 2.0400 || 0.3595 0.3695 0.2710 1.21E+09 0.3576 0.3672 0.2752 1.603E+11 0.007524 3.846000 0.007500 0.000024
246 0.5000 0.5000 2.0400 || 0.3575 0.3672 0.2753 1.11E+09 0.3557 0.3649 0.2794 1.486E+11 0.007499 3.850500 0.007400 0.000099
247 0.3960 2.5250 0.3960 [ 0.3556 0.3649 0.2795 1.31E+09 0.3538 0.3693 0.2769 1.750E+11 0.007469 3.851200 0.007400 0.000069
248 0.3960 2.5250 0.3960 || 0.3536 0.3694 0.2770 1.55E+09 0.3518 0.3737 0.2745 2.077E+11 0.007440 3.852300 0.007400 0.000040
249 3.0600 0.3333 0.3333 || 0.3517 0.3737 0.2746 2.00E+09 0.3565 0.3714 0.2721 2.698E+11 0.007402 3.845700 0.007300 0.000102
250 0.3960 2.5250 0.3960 [ 0.3564 0.3715 0.2722 2.37E+09 0.3546 0.3757 0.2697 3.214E+11 0.007374 3.847000 0.007300 0.000074
251 0.3960 2.5250 0.3960 [ 0.3545 0.3758 0.2697 2.83E+09 0.3527 0.3800 0.2673 3.858E+11 0.007347 3.848600 0.007300 0.000047
252 3.0600 0.3333 0.3333 || 0.3526 0.3801 0.2674 3.67E+09 0.3573 0.3777 0.2650 5.020E+11 0.007310 3.842100 0.007200 0.000110
253 0.3960 2.5250 0.3960 || 0.3572 0.3778 0.2650 4 41E+09 0.3554 0.3820 0.2627 6.048E+11 0.007284 3.843900 0.007200 0.000084
254 0.3960 2.5250 0.3960 [ 0.3553 0.3821 0.2626 5.33E+09 0.3535 0.3862 0.2603 7.340E+11 0.007259 3.845900 0.007200 0.000059
255 0.3960 2.5250 0.3960 [ 0.3534 0.3863 0.2603 6.49E+09 0.3516 0.3903 0.2581 8.974E+11 0.007234 3.848300 0.007200 0.000034
256 0.3960 2.5250 0.3960 || 0.3515 0.3905 0.2580 7.97E+09 0.3498 0.3944 0.2558 1.105E+12 0.007210 3.850900 0.007100 0.000110
257 0.3960 2.5250 0.3960 || 0.3497 0.3946 0.2557 9.85E+09 0.3479 0.3985 0.2535 1.370E+12 0.007188 3.853900 0.007100 0.000088
258 0.5000 0.5000 2.0400 || 0.3478 0.3988 0.2534 8.77E+09 0.3461 0.3963 0.2576 1.225E+12 0.007161 3.856700 0.007100 0.000061
259 3.0600 0.3333 0.3333 [ 0.3460 0.3965 0.2575 1.12E+10 0.3506 0.3940 0.2554 1.571E+12 0.007124 3.849700 0.007100 0.000024
260 0.5000 0.5000 2.0400 || 0.3505 0.3942 0.2553 1.00E+10 0.3488 0.3918 0.2594 1.408E+12 0.007099 3.852600 0.007000 0.000099
261 3.0600 0.3333 0.3333 || 0.3487 0.3920 0.2594 1.28E+10 0.3532 0.3896 0.2572 1.818E+12 0.007064 3.845900 0.007000 0.000064
262 0.3960 2.5250 0.3960 [ 0.3532 0.3897 0.2571 1.57E+10 0.3514 0.3936 0.2549 2.235E+12 0.007041 3.848500 0.007000 0.000041
263 0.5000 0.5000 2.0400 || 0.3513 0.3938 0.2549 1.40E+10 0.3496 0.3914 0.2590 2.002E+12 0.007015 3.851300 0.007000 0.000015
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U.P. Generated by the

Day ) ) Universal Time-Varying Log-Optimal Optimal S’n ; S, .
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264 0.5000 0.5000 2.0400 || 0.3495 0.3916 0.2589 1.26E+10 0.3478 0.3892 0.2629 1.806E+12 0.006991 3.854400 0.006900 0.000091
265 3.0600 0.3333 0.3333 || 0.3477 0.3894 0.2629 1.62E+10 0.3522 0.3871 0.2607 2.325E+12 0.006957 3.847700 0.006900 0.000057
266 0.5000 0.5000 2.0400 || 0.3521 0.3872 0.2607 1.46E+10 0.3504 0.3849 0.2646 2.103E+12 0.006933 3.850900 0.006900 0.000033
267 0.5000 0.5000 2.0400 || 0.3503 0.3850 0.2646 1.32E+10 0.3487 0.3828 0.2686 1.915E+12 0.006910 3.854300 0.006900 0.000010
268 0.5000 0.5000 2.0400 || 0.3485 0.3829 0.2686 1.21E+10 0.3469 0.3806 0.2724 1.755E+12 0.006888 3.858000 0.006800 0.000088
269 0.3960 2.5250 0.3960 || 0.3468 0.3807 0.2725 1.46E+10 0.3452 0.3846 0.2702 2.125E+12 0.006865 3.859900 0.006800 0.000065
270 0.3960 2.5250 0.3960 || 0.3450 0.3847 0.2703 1.77E+10 0.3434 0.3885 0.2680 2.590E+12 0.006843 3.862000 0.006800 0.000043
271 3.0600 0.3333 0.3333 || 0.3433 0.3887 0.2680 2.25E+10 0.3478 0.3864 0.2658 3.304E+12 0.006809 3.855000 0.006800 0.000009
272 0.3960 2.5250 0.3960 || 0.3476 0.3865 0.2658 2.74E+10 0.3460 0.3903 0.2637 4.041E+12 0.006787 3.857200 0.006700 0.000087
273 0.3960 2.5250 0.3960 || 0.3459 0.3905 0.2636 3.37E+10 0.3443 0.3942 0.2615 4.974E+12 0.006766 3.859700 0.006700 0.000066
274 3.0600 0.3333 0.3333 | 0.3442 0.3943 0.2615 4.28E+10 0.3486 0.3921 0.2594 6.357E+12 0.006733 3.852900 0.006700 0.000033
275 0.5000 0.5000 2.0400 || 0.3485 0.3922 0.2593 3.85E+10 0.3469 0.3900 0.2632 5.736E+12 0.006711 3.855900 0.006700 0.000011
276 0.3960 2.5250 0.3960 || 0.3467 0.3901 0.2632 4.72E+10 0.3452 0.3938 0.2610 7.058E+12 0.006690 3.858300 0.006600 0.000090
277 0.3960 2.5250 0.3960 || 0.3450 0.3940 0.2610 5.83E+10 0.3435 0.3976 0.2589 8.740E+12 0.006670 3.861000 0.006600 0.000070
278 0.5000 0.5000 2.0400 || 0.3433 0.3978 0.2589 5.24E+10 0.3418 0.3955 0.2627 7.881E+12 0.006648 3.864000 0.006600 0.000048
279 0.3960 2.5250 0.3960 || 0.3417 0.3957 0.2627 6.49E+10 0.3401 0.3993 0.2606 9.788E+12 0.006628 3.866800 0.006600 0.000028
280 3.0600 0.3333 0.3333 || 0.3400 0.3994 0.2606 8.18E+10 0.3443 0.3972 0.2585 1.240E+13 0.006596 3.859600 0.006500 0.000096
281 0.3960 2.5250 0.3960 || 0.3442 0.3974 0.2585 1.02E+11 0.3427 0.4009 0.2564 1.544E+13 0.006578 3.862500 0.006500 0.000078
282 3.0600 0.3333 0.3333 | 0.3425 0.4011 0.2564 1.29E+11 0.3468 0.3988 0.2544 1.966E+13 0.006546 3.855700 0.006500 0.000046
283 3.0600 0.3333 0.3333 || 0.3467 0.3990 0.2543 1.65E+11 0.3509 0.3968 0.2523 2.525E+13 0.006516 3.849300 0.006500 0.000016
284 0.3960 2.5250 0.3960 || 0.3508 0.3970 0.2522 2.04E+11 0.3492 0.4005 0.2503 3.143E+13 0.006498 3.852100 0.006400 0.000098
285 0.3960 2.5250 0.3960 || 0.3492 0.4007 0.2502 2.55E+11 0.3476 0.4041 0.2483 3.937E+13 0.006480 3.855200 0.006400 0.000080
286 0.5000 0.5000 2.0400 || 0.3475 0.4044 0.2481 2.25E+11 0.3459 0.4021 0.2520 3.485E+13 0.006457 3.857300 0.006400 0.000057
287 0.5000 0.5000 2.0400 || 0.3458 0.4023 0.2519 2.00E+11 0.3443 0.4000 0.2557 3.105E+13 0.006436 3.859700 0.006400 0.000036
288 0.5000 0.5000 2.0400 || 0.3442 0.4002 0.2556 1.79E+11 0.3427 0.3980 0.2593 2.783E+13 0.006414 3.862300 0.006400 0.000014
289 3.0600 0.3333 0.3333 | 0.3426 0.3982 0.2593 2.26E+11 0.3467 0.3960 0.2573 3.544E+13 0.006385 3.855700 0.006300 0.000085
290 3.0600 0.3333 0.3333 [ 0.3466 0.3961 0.2572 2.89E+11 0.3507 0.3940 0.2553 4.551E+13 0.006356 3.849500 0.006300 0.000056
291 3.0600 0.3333 0.3333 | 0.3507 0.3941 0.2552 3.73E+11 0.3547 0.3920 0.2533 5.894E+13 0.006329 3.843700 0.006300 0.000029
292 3.0600 0.3333 0.3333 || 0.3547 0.3921 0.2532 4.85E+11 0.3587 0.3900 0.2513 7.698E+13 0.006301 3.838300 0.006200 0.000101
293 0.3960 2.5250 0.3960 || 0.3586 0.3902 0.2512 5.95E+11 0.3570 0.3936 0.2494 9.469E+13 0.006284 3.840600 0.006200 0.000084
294 3.0600 0.3333 0.3333 [ 0.3570 0.3938 0.2492 7.77E+11 0.3610 0.3916 0.2474 1.243E+14 0.006257 3.835400 0.006200 0.000057
295 0.5000 0.5000 2.0400 || 0.3609 0.3918 0.2473 6.85E+11 0.3593 0.3897 0.2510 1.098E+14 0.006236 3.837400 0.006200 0.000036
296 0.5000 0.5000 2.0400 || 0.3593 0.3898 0.2509 6.07E+11 0.3577 0.3877 0.2546 9.765E+13 0.006215 3.839700 0.006200 0.000015
297 0.5000 0.5000 2.0400 || 0.3576 0.3879 0.2545 541E+11 0.3561 0.3858 0.2581 8.738E+13 0.006196 3.842100 0.006100 0.000096
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U.P. Generated by the
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298 3.0600 0.3333 0.3333 || 0.3560 0.3859 0.2581 7.06E+11 0.3600 0.3839 0.2562 1.144E+14 0.006170 3.837000 0.006100 0.000070
299 3.0600 0.3333 0.3333 | 0.3599 0.3840 0.2561 9.28E+11 0.3638 0.3820 0.2542 1.510E+14 0.006144 3.832200 0.006100 0.000044
300 3.0600 0.3333 0.3333 || 0.3638 0.3821 0.2541 1.23E+12 0.3676 0.3801 0.2523 2.010E+14 0.006120 3.827800 0.006100 0.000020
301 0.3960 2.5250 0.3960 [ 0.3676 0.3802 0.2522 1.48E+12 0.3660 0.3836 0.2504 2.430E+14 0.006102 3.829300 0.006100 0.000002
302 0.5000 0.5000 2.0400 || 0.3660 0.3838 0.2503 1.31E+12 0.3644 0.3817 0.2539 2.158E+14 0.006082 3.831500 0.006000 0.000082
303 0.3960 2.5250 0.3960 || 0.3644 0.3819 0.2538 1.59E+12 0.3628 0.3852 0.2520 2.617E+14 0.006065 3.833200 0.006000 0.000065
304 3.0600 0.3333 0.3333 || 0.3627 0.3854 0.2519 2.10E+12 0.3666 0.3834 0.2501 3.474E+14 0.006041 3.828700 0.006000 0.000041
305 3.0600 0.3333 0.3333 [| 0.3665 0.3835 0.2500 2.80E+12 0.3703 0.3815 0.2482 4.648E+14 0.006017 3.824600 0.006000 0.000017
306 3.0600 0.3333 0.3333 || 0.3703 0.3816 0.2481 3.76E+12 0.3740 0.3796 0.2463 6.266E+14 0.005994 3.820800 0.005900 0.000094
307 0.5000 0.5000 2.0400 || 0.3740 0.3798 0.2462 3.30E+12 0.3724 0.3778 0.2498 5.527E+14 0.005975 3.822600 0.005900 0.000075
308 0.5000 0.5000 2.0400 || 0.3724 0.3779 0.2497 2.92E+12 0.3708 0.3760 0.2532 4.904E+14 0.005956 3.824700 0.005900 0.000056
309 0.5000 0.5000 2.0400 || 0.3708 0.3761 0.2531 2.60E+12 0.3692 0.3742 0.2566 4.377E+14 0.005938 3.827000 0.005900 0.000038
310 3.0600 0.3333 0.3333 || 0.3692 0.3742 0.2566 3.48E+12 0.3729 0.3723 0.2547 5.888E+14 0.005915 3.823100 0.005900 0.000015
311 0.5000 0.5000 2.0400 || 0.3729 0.3724 0.2547 3.11E+12 0.3713 0.3706 0.2581 5.269E+14 0.005897 3.825500 0.005900 0.000003
312 0.5000 0.5000 2.0400 | 0.3713 0.3706 0.2581 2.79E+12 0.3697 0.3688 0.2615 4.743E+14 0.005880 3.828000 0.005800 0.000080
313 0.3960 2.5250 0.3960 [ 0.3697 0.3688 0.2615 3.29E+12 0.3682 0.3722 0.2596 5.619E+14 0.005862 3.828800 0.005800 0.000062
314 3.0600 0.3333 0.3333 || 0.3681 0.3723 0.2596 4.40E+12 0.3718 0.3704 0.2578 7.541E+14 0.005840 3.824900 0.005800 0.000040
315 3.0600 0.3333 0.3333 || 0.3718 0.3705 0.2577 5.93E+12 0.3754 0.3687 0.2559 1.020E+15 0.005818 3.821400 0.005800 0.000018
316 0.5000 0.5000 2.0400 || 0.3754 0.3687 0.2559 5.30E+12 0.3738 0.3669 0.2592 9.142E+14 0.005801 3.823700 0.005800 0.000001
317 0.3960 2.5250 0.3960 || 0.3738 0.3670 0.2592 6.24E+12 0.3723 0.3703 0.2574 1.080E+15 0.005784 3.824400 0.005700 0.000084
318 3.0600 0.3333 0.3333 || 0.3722 0.3704 0.2574 8.42E+12 0.3759 0.3686 0.2556 1.461E+15 0.005763 3.820900 0.005700 0.000063
319 0.5000 0.5000 2.0400 || 0.3758 0.3686 0.2555 7.52E+12 0.3743 0.3668 0.2589 1.309E+15 0.005746 3.823300 0.005700 0.000046
320 3.0600 0.3333 0.3333 || 0.3743 0.3669 0.2588 1.02E+13 0.3778 0.3651 0.2571 1.779E+15 0.005725 3.819900 0.005700 0.000025
321 0.3960 2.5250 0.3960 [l 0.3778 0.3652 0.2570 1.19E+13 0.3763 0.3685 0.2552 2.093E+15 0.005708 3.820500 0.005700 0.000008
322 0.5000 0.5000 2.0400 || 0.3763 0.3685 0.2552 1.07E+13 0.3747 0.3668 0.2585 1.875E+15 0.005691 3.822800 0.005700 0.000009
323 0.3960 2.5250 0.3960 || 0.3747 0.3668 0.2585 1.26E+13 0.3732 0.3701 0.2567 2.213E+15 0.005675 3.823400 0.005600 0.000075
324 0.3960 2.5250 0.3960 [ 0.3732 0.3702 0.2567 1.49E+13 0.3717 0.3734 0.2549 2.628E+15 0.005658 3.824300 0.005600 0.000058
325 3.0600 0.3333 0.3333 [| 0.3716 0.3735 0.2548 2.00E+13 0.3752 0.3717 0.2531 3.552E+15 0.005638 3.820800 0.005600 0.000038
326 0.3960 2.5250 0.3960 || 0.3752 0.3718 0.2531 2.38E+13 0.3736 0.3750 0.2514 4.230E+15 0.005622 3.821800 0.005600 0.000022
327 0.5000 0.5000 2.0400 || 0.3736 0.3751 0.2513 2.11E+13 0.3721 0.3733 0.2546 3.763E+15 0.005606 3.823800 0.005600 0.000006
328 0.5000 0.5000 2.0400 || 0.3721 0.3734 0.2545 1.88E+13 0.3706 0.3716 0.2578 3.366E+15 0.005590 3.826000 0.005600 0.000010
329 0.5000 0.5000 2.0400 || 0.3706 0.3716 0.2578 1.69E+13 0.3691 0.3699 0.2610 3.027E+15 0.005574 3.828400 0.005500 0.000074
330 0.3960 2.5250 0.3960 || 0.3691 0.3699 0.2610 2.00E+13 0.3676 0.373 0.2592 3.593E+15 0.005558 3.829200 0.005500 0.000058
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