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Abstract : In this paper, a study of the empirical performance of the universal portfolios generated by certain
reciprocal functions of the price relatives is presented. The portfolios are obtained from the zero-gradient sets
of specific logarithmic objective functions containing the estimated daily growth rate of the investment wealth.
No solution of the zero-gradient equations is available and hence the pseudo Lagrange multiplier is used to
generate the portfolios.
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I.  Introduction

Investment in a market where no assumption is made on the stochastic model of the stock prices has
been of interest to many researchers (see [1]). A general method of generating a universal portfolio using the
moments of probability distributions has been proposed by Cover and Ordentlich in [2]. However, the study in
[2] is confined to the Dirichlet distribution with two special parametric vectors. Another method of generating a
universal portfolio using a probability mass function is proposed by Ordentlich and Cover in [4]. By considering
investment in a game-theoretic setting, a mini-max bound is obtained for the ratio of the universal wealth to the
best constant-rebalanced-portfolio wealth in [4]. The Cover-Ordentlich universal portfolio consumes a
substantial amount of computer memory and implementation time. To overcome this problem, Tan [5]
introduces the memory-cum-time saving finite-order universal portfolios generated by probability distributions.
Empirically, it has been shown that the finite-order portfolios can perform as well the Cover-Ordentlich
portfolios and can even outperform them.

A method of generating a universal portfolio using the zero-gradient set of an objective function
containing the Kullback-Leibler divergence of two portfolio vectors is introduced by Helmbold et al. [3]. The
performance of the Helmbold universal portfolios is studied in [3,6]. An extension of this method to the zero-
gradient set of an objective function containing the Mahalanobis squared-divergence of two portfolio vectors is
proposed by Tan and Lim in [7]. In this paper a different logarithmic objective function is used to generate a
universal portfolio using a pseudo Lagrange multiplier.

Il.  Theoretical Results
Definition 2.1: Investment in a stock market with m stocks is considered. The price relative of a given stock on
a given day is the ratio of its closing price to its opening price. Let x,, = {x ;! denote the price-relative vector
on the n™trading day, where x; is the price relative of stock i on day =, fori = 1.2, ...m; n = 1,2, ... The
investment portfolio or strategy on day # is denoted by b, = (...} where b,; is the proportion of the current
wealth on day = invested on stock i, for i = 1.2, ...m, where 0 = b,; = 1 and Z[%, b,; = 1. The initial wealth
is assumed to be 1 unit and the wealth 5., (x,,} at the end of day = is calculated recursively as:
Eﬂ':xr::l = ':'I-’E:'r?::l-"-r:—:':xr:—::l' (1)
— vm

whereblx, = E7L. by v, ;. Alternatively, 5, (x,.) can be written as:

Splxy) = Hbix;. )

wherebLx;, = ETL, by fork = 1.2, ..m,

Propositions 2.2: The universal portfolios to be introduced in this paper are additive-update portfolios where
the updates depend on reciprocal functions of price relatives. Hence they will be called RPR (Reciprocal-Price-
Relative) universal portfolios. The gradient vector of an objective function F(b,..} is defined as:

- T
vE ==

LY-1- .

]. It is more convenient to consider the portfolio components 5.,y 4. ... 5,4y .. as free variables
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subject to the constraint Xt.b,..;=1. Hence, we include the Lagrange multiplier # and regard
E(b,...0: b,.x.) as a function of b, and A given b,and x,,. The zero-gradient set of 7 (b,, ... 4] is the set
{b"—‘lTF:b“—‘lJ ):' = ﬂ} 3

The pseudo Lagrange multiplierd is a function of the variable &,.; obtained by some mathematical
operation on the zero-gradient equations of the objective function F(b,...A). Since it is a variable, it is not a
valid solution of the zero-gradient equations. The pseudo 4 is said to be a pseudo solution of the zero-gradient
equations.

The quantity log(b% ., x,., ) is the rate of growth of wealth on day » + 1 which can be estimated by

- - . . . e o (BELxet .
loglb}, . x,} since x,.. is unknown on day=. If the first-order Taylor series |loglb;x, ] —I”J',—*.I —1fis

f¥n
used to approximate lag{ b ., %, ], the resulting portfolio is known as the Type 1 RPR universal portfolio.
Proposition 2.2.1: Let £ = [¢;;) be a non-negative matrix satisfying 1°C = 1 where 1 = {1.1,...1) and
o = 0 are given. Given £ = I and b, consider the objective function

= b$-+1.-"=n = S
Flby,od) = [fng{baxnl + (ﬁ)— 1] ~ log ]H[m + (bpasi - am-}]} +2 (Z basi — 1) (4)

where
vy = :C":'i-’;:':'rr::l - rr:e']_: (5)
fori=1.2,...m and

i = ':;_:':1’:5:-1'.”::'2 iV (6)

fori=1.2,...m.
The pseudo Type 1 RPR (. ) universal portfolio generated by the zero-gradient set of £ (b, ... 4} is
given by
by = by + E7HbLa, ) v — Cvl, @)
forn = 1,2, ..., where { is any positive scalar satisfying .. = 0.
Proof: Differentiate (4) with respect to &.,.1 ; to obtain

aF Xy 1
CENUPR P SR PR L ©
fori = 1,2....m. From (8),
X ] )
E.'.J;.r“ +4 [i'.‘s' + s — "i'J?!E'.-:I] =1 )

for i = 1.2.....m. Multiply (8) by &,;; and sum over i to get

= Z [n; + -.J_ — 5] 3 (10)

The variable 4 in (10) is known as a pseudo Lagrange multiplier.
Substitute the value of 4 in (10) into (9) to get

£ Xni i by £ [ . ] -1 11
C by N j=1 [?:_i' T I::'EJ?!—i_i' - "-J“_.\'] B R )

fori=1.2,...m. Let

o= [i'.‘;' T '::'i-Jr:—: i~ "-J“'] (12)
fori = 1,2, ....m and hence from (11),

Z by === £ 1= e 13)
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The system of equations (13) in matrix form is
Az =y (14)
where

X i
=4 [1‘ B b;xﬂl (15)
fori=1.2....mand 4 = (a; ) is defined by
gy =by—1fori=1.2,...m

a; = by; fori = j. (16)

The solution to Az =1v is 2={1 —y where { is any real scalar (see the next lemma). Thus,
T-EBix, |+ f

“=fori = 1,2, .., m. By reparametrizing { = (& + 1J¢,

. =

[BEx. |
_ (bha,)
ECCTREES) G
fori = 1. 2. ... and from (5), (6), (12), we obtain
byoss = by + fs'_: =1 = by + "::_:':1’5:1-‘1) Vi — Z Cij Vs s
where (7) obtains.
Lemma 2.3: Let A be the m x m matrix defined by (16).
0} The solution to Az = y where v is defined by (15) is z = {1 — v for any real scalar ¢.
(i) The solution to 45 = g where g is defined by
Xomi
c=alh,,x. ] [1_ — l
g; = @lby. Xy, bix, (18)
fori = L2,...mand
b £l1 fotx, — (57 ) x, |
I-" . “" — 4 | _—
O e I o | (19)

is s = ¥1 — g for any real scalar ¥ where s™* = (s7*].
Proof.
(i) Any z of the form z = {1 — v satisfies Az = {(41} — 4y = {(A1) — (—y] = v. Conversely, if z isa
solution to 4z = v, then Az = (bjzll —z =y, implying that z = {1 — v where { = b}z,

(i) First note that Ag = (bhq)1l — g = —g since big = ¢(b,.x, ) T, [J, - ;’r”l = 0. Any s of the
form = = ¥1 — g will satisfy 4s = y(A1} — Ag = q. Conversely, any solution s to As = g must
satisfy As = (bLsl1 — s = g, implying that s = ¥1 — g where v = bLs.

The portfolio obtained from the zero-gradient set of E(b,...2) where the second-order Taylor series is
used to approximate log (k% .. x,!is known as the Type 2 RPR universal portfolio.

Proposition 2.2.2:Let C = (c;) be a non-negative matrix satisfying 1°¢ = 1 and «, a real scalar be given.
Given £ = [ and b., consider the objective function

= 1 L RE e by 2, \ 1libnx, \
Fib, ..A) =Fllogibx, )+ I'.__ bix, - 1| - EI'.__ bix, —1]
m ) fom kY (20)
—iog H[G. T W04 — ‘ur:_i',"]j t+4 I[ Z Dnt1j— 1
where
g; = £ (bLax, Y Z CiT (21)

fori = L1.2,...m,
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n= [c‘ (bha,)* + 'J'“ - .g':b?:'xr::l::“:b;:xr::l T _S'ib,,,..r_“_:lrm-] =0 (22)
fori =1.2,...mand

Blby xy) = £ (L xSl [Cr — 7], (23)

The pseudo Type 2 RPR (€. &} universal portfolio generated by the zero-gradient set of £ (b, ...} is given by

b,., =b, + 7 bix, Plr—Cr] (24)

for n = 1.2, ..., where { is any positive scalar satisfying b.,.; = 0, provided r is a consistent solution of (22).
Proof. Differentiate F (b, ...A} in (20) to get

oF f 2%g;  (Bfi1%n )]
Bhaes; o ':l’:z:'rr::l B ':'i-’:z:'r?::l:
Caq-d (25)
_[Gs'kur':—: i~ '5:':5',"] T
=0
fori=1.2,...m
Multiply (25) by &,; and sum over i to get the pseudo Lagrange multiplier
. £laz T
T '\bﬁx.“.» |
m (26)
T Z u“. IL'j_i' T I::"i'J?!—i_i' - ‘u“.' l
Substitute the value of 4 in (26) into (25) to obtain
2rg (BhL gy (B, x,) -1
o, e 2 ) | 19 F i~ ) +E b6 + (s = bag) ] =0 @n
fori=1.2,...m. Let
571 = by — b oo (28)
fori=1.2,...m and from (27),
Srsus e i |
bnisi—s;=glbpx, |1l ——7—
- Pui% TS @D X Lbhx,) (29)
fori=1.2,...m where
]
¢lbnx)=¢2~| 1: i- (30)
We use the vector notation s~ = (s7], From (28), (s™*Vx, = (bl .x,) — (bix, ) + (ex,], implying that
(b, x,) 3 (57 )%, — (efx,)
(bix,) bix, ' (31)

Substituting (31) into (30), the equivalent definition of (b, in (19) is obtained. The matrix form
of the set of equations in (29) is A5 = g where A4 and g are defined by (16) and (18) respectively. From Lemma
1, the solution to As = gq is s = ¥1 — g for any real scalar . An equivalent definition of 5(b,.x, ! in (23) is

§lby,x,) = (xho — xis™0). (32)

Hence, from (18), (19) and (32), s; =y —q; = v — £ [1 + %] fori=1,2,...m.

Reparametrizing ¥ as (e + 1J£,

= {bixn]_:f[ﬂibﬂxn]: + {xr![ - .E{war!:]}{bir'!xﬂ:] + .'r-:‘j{war!:]xr!i] = {bir'!xﬂ]_:'fﬂ_l

for i=12,...m where % is defined by (22). From (21) and (28),
Bors = by +570 — 0y = by + £ (b5, ) [ — I, m ] for i = 1,2, ..., m and (24) is proved.
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Remarks.
(i) From (23), _

.51':1’?:':?::' = ‘:;_:':'i-’:s:‘r-”!:l:z:"?:_i'?_’i' (33)

where

Ynj = Z Chj%nk — Xnj o

forj=1,2,...m,
The system of equations (22) can be expressed as:

=G ':1’5:1?:]: L r?:i":b:'::x?::l L ‘:;_:':'i-’:s:‘r?::l: Z Ynj y“ - I:'i-’:""'*'l]"'. (35)

fori = 1.2, ....=. In general, a consistent solution for T may be impossible.
(i) Some comments on the value of 5(h,.x, ! is in order. From (21) and (28),

Za =ZS;: = {‘:{b;xﬂzﬂz?—{ (36)

sincel"C = 1 and furthermore &; = 0 and =7* = 0 for all i=1.2....m Now,

(Z G) Tw{r, = Z 0% = ( Z 6) "rarc{r,

and

:I:E_in{r_v,i-} < Z st = (Ii s_i-':.):r.E_I-c{r_v,;}.

2

Using the definition of §(b,,. x,,} in (32) and (36),

0= .g':br:"rr::l = [f_:':b;xﬂ:l: Z L {TI{{J—“’ - Tq{f“’} (37)

(iii) The pseudo type 2 RPR universal portfolio may be relaxed by assuming that 5(b,.x, ] is a constant,
not depending on the b, and x,. The pseudo relaxed type 2 portfolio has parametric set (. e )
where the choice of & may be —1 = & = 1. The scalar & is chosen so that % =0 forall: = 1L.2,....m
in (22). This is always possible for a large enough «.

The portfolio obtained from the zero-gradient set of ?3{1:_“_ +.4) where the second-order Taylor series is
used to approximate log (b5 ., x,,1is known as the Type 2 RPR universal portfolio.
I11.  Empirical Performance
The Malaysian companies selected for the empirical study are listed in Table 1. There are five data sets
D, E, F, G and H. The stocks of the Malaysian companies are traded from 1% March 2006 until 2" August 2012,
consisting of a total of 1500 trading days.
The pseudo Type 1 RPR (.} universal portfolio is run on the five data sets D, E, F, G and H where
the selected matrix_ is
f0.24 020 0.23 031 0.21%
017 020 0.33 022 011
€=|030 027 030 003 024 (38)
a.00 0.04 0.02 015 031
Y020 0.28 0.13 029 013/

with the elements being randomly generated and having the property that each column sum is 1 or close to 1. It
is more convenient to use the parameter { = £=*. The initial wealth of the investor is assumed to be 1 unit and

used in the study. The { intervals searched for each « are listed in Table 2, together with the best wealth
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5izppobtained after 1500 trading days corresponding to the best { in the interval. The next portfolios &4z;, after
1500 days is also listed in the table. It is observed from Table 2 that the best wealth of 3.1154 units is obtained
for data set E corresponding to & = & and { = 0.0031. The lowest wealth of 1.26784 units is obtained for data
set F corresponding to & = 0. 1,... 10 and { = 0. Average wealths of 2.385, 4.443 and 5.200 units are obtained
for data sets D, G and H respectively. It is also observed from Table 2 that for sets D, E and H, a proportion 0.7
of the current wealth after 1500 trading days tends to be invested in the fourth company of the portfolio,
whereas the proportion invested in the first company tends to zero. This indicates that the fourth and the first
stocks are the best and worst stocks respectively. For sets F and G, the portfolios become constant after a long
run.

Similarly, the pseudo relaxed Type 2 RPR portfolios with parametric set (C,a, 5} are run on the data
sets D, E, F, G and H. The matrix C selected is an equal-entry matrix with each entry 0.2 and eleven integer
values of « from 0 until 10 and § = 0.& are investigated. The best wealths 5.:;; obtained after 1500 trading

days corresponding to a ¢ = £7* in the zeta interval searched are listed in Table 3. The next portfolios
bycppafter 1500 trading days are also listed in the table. It is observed that average wealths of 2.57, 9.27, 1.46,

4.44 and 4.57 units are obtained for data sets D, E, F, G and H respectively. The best portfolio corresponds to E
with G and H exhibiting good performance. In set E, current-wealth proportions of around 0.37 and 0.26 tend to
be invested in the first and fifth stocks respectively, whereas in set D, proportions of 0.25 and 0.23 tend to be
invested in the second and third stocks. For sets G and H, the portfolios tend to be constant after a long run.

The performance of the pseudo Type 1 and Type 2 RPR portfolios seem to be comparable, with neither
exhibiting a superior performance over the other.

Table 2

Table 1

LIST OF MALAYSIAN COMPANIES IN THE DATA SETSD, E, F, GAND H

Data Set Five Malaysian Companies in Each Set
D 101 Corporation, Carlsberg Brewery Malaysia, British American Tobacco, Nestle,
Digi
Public Bank, Kulim, KLCC Property Holdings, AEON Corporation, Kuala Lumpur
Kepong
AMMB Holdings, Berjaya Sports TOTO, Air Asia, Gamuda, Genting

AEON Corporation, British American Tobacco, Kulim, Nestle, Digi

@ mm m

Digi, Public Bank, KLCC Property Holdings, Carlsberg Brewery Malaysia, Kuala
Lumpur Kepong

The best wealths obtained after 1500 trading days by running the pseudo Type 1 RPR (C. e} universal portfolios over

H

data sets D, E, F, G, H where C is given by (37), eleven integer values of &, the { intervals searched and the final
portfolios after 1500 trading days are listed

SetD

o { Best { S1s00 by by bg by bg

0 [0,0.00072] 0.00072 2.38548 0.00246 0.16739 0.05745 0.71236 0.06035
1 [0,0.00145] 0.00145 2.38526 0.00098 0.16712 0.05647 0.71589 0.05953
2 [0,0.00218] 0.00218 2.38518 0.00051 0.16703 0.05613 0.71707 0.05926
3 [0,0.00291] 0.00291 2.38514 0.00027 0.16698 0.05596 0.71766 0.05912
4 [0,0.00364] 0.00364 2.38512 0.00013 0.16695 0.05586 0.71801 0.05904
5 [0,0.00437] 0.00437 2.38510 0.00004 0.16694 0.05579 0.71822 0.05899
6 [0,0.00509] 0.00509 2.38504 0.00036 0.16699 0.05603 0.71740 0.05923
7 [0,0.00582] 0.00582 2.38504 0.00027 0.16697 0.05596 0.71765 0.05916
8 [0,0.00655] 0.00655 2.38504 0.00020 0.16696 0.05590 0.71785 0.05911
9 [0,0.00728] 0.00728 2.38503 0.00013 0.16695 0.05585 0.71800 0.05907
10 [0,0.00801] 0.00801 2.38503 0.00008 0.16693 0.05582 0.71813 0.05904

SetE

o { Best { S1z00 by by bg by bg

0 [0,0.00072] 0.00072 10.2858 0.00258 0.16725 0.05175 0.71226 0.06076
1 [0,0.00145] 0.00145 10.3008 0.00111 0.16702 0.05631 0.71585 0.05972
2 [0,0.00218] 0.00218 10.3058 0.00060 0.16695 0.05602 0.71704 0.05939
3 [0,0.00291] 0.00291 10.3083 0.00035 0.16692 0.05588 0.71764 0.05922
4 [0,0.00364] 0.00364 10.3098 0.00020 0.16690 0.05579 0.71799 0.05912
5 [0,0.00437] 0.00437 10.3108 0.00009 0.16689 0.05574 0.71823 0.05905
6 [0,0.00509] 0.00509 10.3115 0.00002 0.16688 0.05569 0.71840 0.05900
7 [0,0.00582] 0.00582 10.3079 0.00031 0.16693 0.05591 0.71764 0.05921
8 [0,0.00655] 0.00655 10.3088 0.00023 0.16692 0.05586 0.71784 0.05915
9 [0,0.00728] 0.00728 10.3095 0.00016 0.16692 0.05582 0.71799 0.05911
10 [0,0.00801] 0.00801 10.3101 0.00011 0.16691 0.05579 0.71812 0.05908

SetF
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o { Best { S1z00 by by bg by b
0 [0,0.00072] 0 1.26784 0.2 0.2 0.2 0.2 0.2
1 [0,0.00145] 0 1.26784 0.2 0.2 0.2 0.2 0.2
2 [0,0.00218] 0 1.26784 0.2 0.2 0.2 0.2 0.2
3 [0,0.00291] 0 1.26784 0.2 0.2 0.2 0.2 0.2
4 [0,0.00364] 0 1.26784 0.2 0.2 0.2 0.2 0.2
5 [0,0.00437] 0 1.26784 0.2 0.2 0.2 0.2 0.2
6 [0,0.00509] 0 1.26784 0.2 0.2 0.2 0.2 0.2
7 [0,0.00582] 0 1.26784 0.2 0.2 0.2 0.2 0.2
8 [0,0.00655] 0 1.26784 0.2 0.2 0.2 0.2 0.2
9 [0,0.00728] 0 1.26784 0.2 0.2 0.2 0.2 0.2
10 [0,0.00801] 0 1.26784 0.2 0.2 0.2 0.2 0.2
Set G
o { Best { S1z00 by by bg by b
0 [0,0.00072] 0 4.44326 0.2 0.2 0.2 0.2 0.2
1 [0,0.00145] 0 4.44326 0.2 0.2 0.2 0.2 0.2
2 [0,0.00218] 0 4.44326 0.2 0.2 0.2 0.2 0.2
3 [0,0.00291] 0 4.44326 0.2 0.2 0.2 0.2 0.2
4 [0,0.00364] 0 4.44326 0.2 0.2 0.2 0.2 0.2
5 [0,0.00437] 0 4.44326 0.2 0.2 0.2 0.2 0.2
6 [0,0.00509] 0 4.44326 0.2 0.2 0.2 0.2 0.2
7 [0,0.00582] 0 4.44326 0.2 0.2 0.2 0.2 0.2
8 [0,0.00655] 0 4.44326 0.2 0.2 0.2 0.2 0.2
9 [0,0.00728] 0 4.44326 0.2 0.2 0.2 0.2 0.2
10 [0,0.00801] 0 4.44326 0.2 0.2 0.2 0.2 0.2
SetH
o { Best { S1s00 by by by by bs
0 [0,0.00072] 0.00072 5.19812 0.00246 0.16726 0.05670 0.71299 0.06029
1 [0,0.00145] 0.00145 5.20243 0.00101 0.16707 0.05622 0.71622 0.05948
2 [0,0.00218] 0.00218 5.20387 0.00533 0.16700 0.05596 0.71729 0.05922
3 [0,0.00291] 0.00291 5.20459 0.00294 0.16696 0.05584 0.71782 0.05909
4 [0,0.00364] 0.00364 5.20502 0.00151 0.16693 0.05576 0.71814 0.05902
5 [0,0.00437] 0.00437 5.20531 0.00006 0.16692 0.05571 0.71836 0.05897
6 [0,0.00509] 0.00509 5.20432 0.00038 0.16697 0.05595 0.71749 0.05921
7 [0,0.00582] 0.00582 5.20462 0.00028 0.16696 0.05589 0.71773 0.05915
8 [0,0.00655] 0.00655 5.20486 0.00020 0.16694 0.05584 0.71792 0.05910
9 [0,0.00728] 0.00728 5.20505 0.00014 0.16693 0.05580 0.71807 0.05906
10 [0,0.00801] 0.00801 5.20520 0.00009 0.16692 0.05577 0.71819 0.05903

Table 3
The best wealths obtained after 1500 trading days by running the pseudo, relaxed Type 2 RPR €, e 5.1 universal

portfolios over data sets D, E, F, G, H where each entry of C is 0.2, & is 0.6, the £ intervals searched and the final
portfolios after 1500 trading days are listed

SetD
= { Best { 51z by by by by bg
0 [0,0.1] 0.1 2.46438 0.24380 0.21627 0.21218 0.17654 0.15121
1 [0,0.5] 0.5 2.52712 0.23456 0.23665 0.22449 0.17672 0.12758
2 [0,1.3] 1.3 2.57281 0.23182 0.25012 0.23215 0.17530 0.11061
3 [0,2.2] 2.2 2.56920 0.22625 0.25142 0.23250 0.17754 0.11229
4 [0,3.5] 35 2.57869 0.22423 0.25482 0.23428 0.17777 0.10890
5 [0,5.1] 5.1 2.58523 0.22281 0.25718 0.23550 0.17794 0.10657
6 [0,6.9] 6.9 2.58608 0.22144 0.25797 0.23587 0.17839 0.10634
7 [0,9] 9 2.58756 0.22048 0.25876 0.23626 0.17865 0.10585
8 [0,11.4] 11.4 2.58923 0.21978 0.25950 0.23663 0.17881 0.10528
9 [0,14] 14 2.58892 0.21909 0.25969 0.23671 0.17906 0.10545
10 [0,16.9] 16.9 2.58920 0.21857 0.25998 0.23684 0.17923 0.10538

SetE
= { Best { 51z by by by by bg
0 [0,0.2] 0.2 9.17412 0.30314 0.19905 0.11999 0.11239 0.26543
1 [0,1] 1 9.46185 0.36914 0.15425 0.09283 0.10818 0.27560
2 [0,2.1] 2.1 9.36491 0.37176 0.14014 0.09788 0.12168 0.26854
3 [0,3.6] 3.6 9.31575 0.37245 0.13381 0.10079 0.12810 0.26485
4 [0,5.5] 5.5 9.28603 0.37265 0.13027 0.10264 0.13184 0.26260
5 [0,7.9] 7.9 9.28320 0.37495 0.12697 0.10265 0.13353 0.26190
6 [0,10.7] 10.7 9.27700 0.37604 0.12487 0.10298 0.13492 0.26119
7 [0,13.9] 13.9 9.27005 0.37654 0.12345 0.10341 0.13606 0.26054
8 [0,17.5] 17.5 9.26328 0.37674 0.12244 0.10385 0.13700 0.25997
9 [0,21.6] 21.6 9.26318 0.37761 0.12128 0.10381 0.13753 0.25977
10 [0,26] 26 9.25639 0.37741 0.12079 0.10427 0.13824 0.25929

SetF
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[1]
[2

(3]

[4]
(5]

(6]
[71

(i3 l;- Best-;_ 5:5:: ni.J: ni.J_- ni.JE ni.J_-;_ ni.JE
0 [0,0.1] 0.1 1.37957 0.13895 0.13657 0.29070 0.20205 0.23173
1 [0,0.6] 0.6 1.43715 0.11958 0.12320 0.33978 0.16434 0.25310
2 [0,1.5] 15 1.45959 0.11436 0.12027 0.36283 0.14144 0.26110
3 [0,2.7] 2.7 1.46457 0.11518 0.12207 0.36952 0.13025 0.26298
4 [0,4.2] 4.2 1.46533 0.11672 0.12416 0.37151 0.12423 0.26338
5 [0,6] 6 1.46486 0.11817 0.12595 0.37187 0.12068 0.26333
6 [0,8.1] 8.1 1.46401 0.11941 0.12743 0.37161 0.11842 0.26313
7 [0,10.5] 10.5 1.46310 0.12045 0.12864 0.37112 0.11689 0.26290
8 [0,13.2] 13.2 1.46221 0.12132 0.12965 0.37055 0.11582 0.26266
9 [0,16.2] 16.2 1.46140 0.12206 0.13049 0.36998 0.11503 0.26244
10 [0,19.6] 19.6 1.46167 0.12228 0.13081 0.37047 0.11388 0.26256
Set G
e { Best { Sz by by by by bz
0 [0,0.1] 0.1 4.44326 0.2 0.2 0.2 0.2 0.2
1 [0,0.5] 0.5 4.44326 0.2 0.2 0.2 0.2 0.2
2 [0,1.1] 1.1 4.44326 0.2 0.2 0.2 0.2 0.2
3 [0,1.9] 19 4.44326 0.2 0.2 0.2 0.2 0.2
4 [0,2.9] 2.9 4.44326 0.2 0.2 0.2 0.2 0.2
5 [0,4.1] 4.1 4.44326 0.2 0.2 0.2 0.2 0.2
6 [0,5.6] 5.6 4.44326 0.2 0.2 0.2 0.2 0.2
7 [0,7.3] 7.3 4.44326 0.2 0.2 0.2 0.2 0.2
8 [0,9.2] 9.2 4.44326 0.2 0.2 0.2 0.2 0.2
9 [0,11.3] 11.3 4.44326 0.2 0.2 0.2 0.2 0.2
10 [0,13.7] 13.7 4.44326 0.2 0.2 0.2 0.2 0.2
SetH
e { Best { Sz by by by by be
0 [0,0.1] 0.1 457123 0.2 0.2 0.2 0.2 0.2
1 [0,0.5] 0.5 457123 0.2 0.2 0.2 0.2 0.2
2 [0,1.1] 11 457123 0.2 0.2 0.2 0.2 0.2
3 [0,1.9] 19 457123 0.2 0.2 0.2 0.2 0.2
4 [0,3] 3 457123 0.2 0.2 0.2 0.2 0.2
5 [0,4.4] 4.4 457123 0.2 0.2 0.2 0.2 0.2
6 [0,5.9] 5.9 457123 0.2 0.2 0.2 0.2 0.2
7 [0,7.8] 7.8 457123 0.2 0.2 0.2 0.2 0.2
8 [0,9.8] 9.8 457123 0.2 0.2 0.2 0.2 0.2
9 [0,12.1] 12.1 457123 0.2 0.2 0.2 0.2 0.2
10 [0,14.7] 14.7 457123 0.2 0.2 0.2 0.2 0.2
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