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On Local Times of Ranked Continuous Semimartingales;

Application to Portfolio Generating Functions

Raouf Ghomrasni∗
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We derive the decomposition of the ranked continuous semimartingales i.e. order-
statistics processes. We apply it to portfolios generated by functions of the ranked market
weights. Thus we generalize recent results of Fernholz.
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local time, ranked processes.
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1 Introduction

The distribution of capital, i.e., the family of ranked market weights, starting with the
largest weight and going to the smallest, is of central importance in stochastic portfolio
theory, as are functionally generated portfolios. Usually we identify stocks by their names,
i.e., their subscripts, X1,X2,X3, etc. However, with regards to the distribution of capital,
it is advantageous to identify the stocks by their ranks rather than their names. Portfo-
lios generated by functions of the ranked market weights first appeared in Fernholz ([2]).
Fernholz derivations require that the processes X1, · · · ,Xn be pathwise mutually nondegen-

erate. Here, we shall extend Fernholz’s results in its full generality. The relative return of
a functionally generated portfolio satisfies a stochastic differential equation wich depends
on the local times associated with the changes in rank among the stocks.

Section 2 of the paper contains the decomposition of the ranked continuous semimartin-
gales i.e. order-statistics processes. As an interesting byproduct, we obtain an extension of
Ouknine’s formula [5, 6, 7]. In section 3 we use these decompositions to portfolio generated
by functions of the ranked market weights. Thus we generalize recent results of Fernholz
[2, 3].

∗Fakultät II, Institut für Mathematik, Sekr. MA 7-5, Technische Universität Berlin, Straße des 17. Juni

136 , D-10623 Berlin, Germany, e-mail: ghomrasni@math.tu-berlin.de. Financial support of the Deutsche

Forschungsgemeinschaft through the SFB 649 “Economic Risk” is gratefully acknowledged.
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2 Decomposition of Ranked Continuous Semimartingales

Definition 2.1 Let X1, · · · ,Xn be continuous semimartingales. For 1 ≤ k ≤ n, the k-th

rank process of X1, · · · ,Xn is defined by

X(k) = max
i1<···<ik

min(Xi1 , · · · ,Xik)

where 1 ≤ i1 and ik ≤ n.

Note that, according to Definition 2.1, for t ∈ IR+,

max
1≤i≤n

Xi(t) = X(1)(t) ≥ X(2)(t) ≥ · · · ≥ X(n)(t) = min
1≤i≤n

Xi(t)

so that at any given time, the values of the rank processes represent the values of the
original processes arranged in descending order (i.e. the (reverse) order statistics).

The following proposition shows that the rank processes derived from continuous semi-
martingales can be expressed in terms of the original processes, adjusted by local times.

Proposition 2.1 Let X1, · · · ,Xn be continuous semimartingales. For k ∈ {1, 2, · · · , n},
Let u(k) = (ut(k), t ≥ 0) : Ω × [0,∞[→ {1, 2, · · · , n} be any predictable process with the

property:

X
(k)
t = Xut(k)(t)

Then the k-th rank processes X(k), k = 1, · · · , n, are continuous semimartingales and we

have:

X(k)(t) = X(k)(0) +

n
∑

i=1

∫ t

0
1{us(k)=i} dXi(s) +

1

2

n
∑

i=1

∫ t

0
1{us(k)=i} ds L0

s((X
(k) − Xi)

+)

−
1

2

n
∑

i=1

∫ t

0
1{us(k)=i} ds L0

s((X
(k) − Xi)

−).

where L0
t (X) is the local time of the continuous semimartingale X at 0.

Proof: We adapt here the proof given by Chitashvili and Mania ([1]) for the decompo-
sition of the maximum of semimartingales (i.e. k = 1), we have,

X
(k)
t − X

(k)
0 =

n
∑

i=1

∫ t

0
1{us(k)=i} dXi

s +

n
∑

i=1

∫ t

0
1{us(k)=i} d (X(k)

s − Xi
s)

Where we used the property
∑n

i=1 1{us(k)=i} = 1 it follows,

X
(k)
t −X

(k)
0 =

n
∑

i=1

∫ t

0
1{us(k)=i} dXi

s +

n
∑

i=1

∫ t

0
1{us(k)=i} d (X(k)

s −Xi
s)

+−

n
∑

i=1

∫ t

0
1{us(k)=i} d (X(k)

s −Xi
s)

−

We note the fact:
{us(k) = i} ⊂ {X(k)

s = Xi(s)}

Therefore, using the following formula

1

2
L0

t (X) =

∫ t

0
1{(Xs=0)} dXs

2



which is valid for non-negative continuous semimartingales X.
�

We can give a more explicit decomposition as follows:

Corollary 2.1 Let X1, · · · ,Xn be continuous semimartingales.Then the k-th rank processes

X(k), k = 1, · · · , n, are continuous semimartingales and we have:

X(k)(t) = X(k)(0)+

n
∑

i=1

∫ t

0
1{us(k)=i} dXi(s)+

1

2

n
∑

i=k+1

L0
t (X

(k)−X(i))−
1

2

k−1
∑

i=1

L0
t (X

(i)−X(k)).

where L0
t (X) is the local time of the continuous semimartingale X at 0.

Proof: We fixe i = 1, · · · , n and we deal with
∫ t

0 1{us(k)=i} ds L0
s((X

(k) − Xi)
+)

∫ t

0
1{us(k)=i} ds L0

s((X
(k) − Xi)

+) =
n

∑

j=1

∫ t

0
1{us(k)=i}∩{Xi=X(j)} ds L0

s((X
(k) − Xi)

+)

=

n
∑

j=1

∫ t

0
1{us(k)=i}∩{Xi=X(j)} ds L0

s((X
(k) − X(j))+)

We, conclude by noting:

n
∑

i=1

∫ t

0
1{us(k)=i}∩{Xi=X(j)} ds L0

s((X
(k) − X(j))+) = L0

t ((X
(k) − X(j))+)

Indeed,

∫ t

0
1{us(k)=i}∩{Xi=X(j)} ds L0

s((X
(k) − X(j))+)

=

∫ t

0
1{us(k)=i}∩{Xi=X(j)} × 1{X(k)−X(j)=0} ds L0

s((X
(k) − X(j))+)

=

∫ t

0
1{us(k)=i}∩{Xi=X(k)} × 1{X(k)−X(j)=0} ds L0

s((X
(k) − X(j))+)

=

∫ t

0
1{us(k)=i}ds L0

s((X
(k) − X(j))+)

�

In the particular case considered by Fernholz (see [2]) of rank processes derived from
pathwise mutually nondegenerate absolutely continuous semimartingales

Corollary 2.2 (Fernholz)
Let X1, · · · ,Xn be pathwise mutually nondegenerate absolutely continuous semimartingales,

and for t ∈ [0, T ], let pt be the random permutation of {1., n} such that for k = 1, · · · , n,

Xpt(k)(t) = X(k)(t), and pt(k) < pt(k + 1) if X(k)(t) = X(k+1)(t).

3



Then the k-th rank processes X(k), k = 1, · · · , n, are continuous semimartingales and we

have:

X(k)(t) = X(k)(0)+
n

∑

i=1

∫ t

0
1{ps(k)=i} dXi(s) +

1

2
L0

t (X
(k) −X(k+1)) −

1

2
L0

t (X
(k−1) −X(k)).

where L0
t (X) is the local time of the continuous semimartingale X at 0.

Now, we state the solution to Problem 4.1.13 stated in Fernholz’s book:

Corollary 2.3 Let X1, · · · ,Xn be continuous semimartingales.Then the k-th rank processes

X(k), k = 1, · · · , n, are continuous semimartingales and we have:

X(k)(t) =X(k)(0) +

n
∑

i=1

∫ t

0
1{ps(k)=i} dXi(s) +

1

2
L0

t (X
(k) − X(k+2)) +

1

2
L0

t (X
(k) − X(k+1))

−
1

2
L0

t (X
(k−2) − X(k)) −

1

2
L0

t (X
(k−1) − X(k)).

where L0
t (X) is the local time of the continuous semimartingale X at 0.

Theorem 2.1 Let X1, · · · ,Xn be continuous semimartingales.Then we have:

n
∑

i=1

L0
t (X

(i)) =
n

∑

i=1

L0
t (Xi)

where L0
t (X) is the local time of the continuous semimartingale X at 0.

Proof:
We recall first that L0

t (Z) = L0
t (Z

+) for every semimartingale Z. Hence, it is enough
to consider the case where X1, · · · ,Xn are non-negatives continuous semimartingales. We
need to check the following equality holds:

n
∑

i=1

1{X(i)=0} dX(i) =

n
∑

i=1

1{Xi=0} dXi

From Corollary 2.1, we have

dX(k) =
n

∑

i=1

1{ut(k)=i} dXi +
n

∑

i=k+1

1{X(k)−X(i)=0}d (X(k)−X(i))−
k−1
∑

i=1

1{X(i)−X(k)=0}d (X(i)−X(k)).

It follows:

1{X(k)=0} dX(k) =

n
∑

i=1

1{ut(k)=i} 1{X(k)=0} 1{Xi=X(k)}dXi +

n
∑

i=k+1

1{X(k)−X(i)=0}1{X(k)=0} d (X(k) − X(i))

−
k−1
∑

i=1

1{X(i)−X(k)=0}1{X(k)=0} d (X(i) − X(k)).

=

n
∑

i=1

1{ut(k)=i} 1{Xi=0}dXi +

n
∑

i=k+1

1{X(i)=0}1{X(k)=0} d (X(k) − X(i))

−
k−1
∑

i=1

1{X(i)=0}1{X(k)=0} d (X(i) − X(k)).

4



Now we may choose our ut(·) as a bijection on {1, · · · , n}, we denote its inverse by vt(·)

1{X(k)=0} dX(k) =

n
∑

i=1

1{vt(i)=k} 1{Xi=0}dXi +

n
∑

i=k+1

1{X(i)=0}1{X(k)=0} d (X(k) − X(i))

−
k−1
∑

i=1

1{X(i)=0}1{X(k)=0} d (X(i) − X(k)).

By summation over the index k = 1, · · · , n we obtain our result.
�

In particular,

Corollary 2.4 Ouknine’s formula
Let X and Y be semimartingales. It is shown that

L0
t (X ∨ Y ) + L0

t (X ∧ Y ) = L0
t (X) + L0

t (Y )

where L0
t (X) (t ≥ 0) denotes the local time at 0 of X.

3 Portfolio Generating Functions

Theorem 3.1 Let M be a market of stocks X1, · · · ,Xn. Let S be a function defined on a

neighborhood U of ∆n. Suppose that there exists a positive C2 function S defined on U .

Then S generates the portfolio π such that for k = 1, · · · , n,

πpt(k)(t) =
(

Dk log S(µ(·)(t)) + 1 −
n

∑

j=1

µ(j)(t)Dj log S(µ(·)(t))
)

µ(k)(t),

for all t ∈ [0, T ], a.s., with a drift process Θ that satisfies

dΘ(t) =
−1

2S(µ(t))

n
∑

i,j=1

DijS(µ(·)(t))µ(i)(t)µ(j)(t)τ(ij)(t)dt

−
1

2

n
∑

k=1

πpt(k)(t)

n
∑

i=k+1

dL0
t ((log(µ(k)) − log(µ(i))))

+
1

2

n
∑

k=1

πpt(k)(t)

k−1
∑

i=1

dL0
t ((log(µ(i)) − log(µ(k))))

Hence,

5



d log(Zπ(t)/Zµ(t)) =
n

∑

i=1

Dilog S(µ(·)(t)) dµ(i)(t)

−
1

2

n
∑

i,j=1

Dilog S(µ(·)(t))Dj log S(µ(·)(t))µ(i)(t)µ(j)(t)τ(ij)(t)dt

−
1

2

n
∑

k=1

πpt(k)(t)

n
∑

i=1

1{ut(k)=i}dL0
t ((log(µ(k)) − log(µi))

+)

+
1

2

n
∑

k=1

πpt(k)(t)
n

∑

i=1

1{ut(k)=i}dL0
t ((log(µ(k)) − log(µi))

−)

Remark 3.1 The theorem above extend Fernholz’s theorem where the assumption for X1, · · · ,Xn

of pathwise mutually nondegenerate was needed.

Proof :
Itô’s formula implies that:

d log S(µ(·)(t)) =

n
∑

i=1

Di log S(µ(·)(t))dµ(i)(t)

+
1

2S(µ(·)(t))

n
∑

i,j=1

DijS(µ(·)(t)) d < µi, µj >t

−
1

2

n
∑

i,j=1

Di log S(µ(·)(t))Dj log S(µ(·)(t)) d < µi, µj >t

Now let us consider the relative return process log(Zπ(t)/Z(t)). We have

d log(Zπ(t)/Zµ(t)) =

n
∑

i=1

πi(t)d log µi(t) + γ⋆
π dt

=
n

∑

k=1

πpt(k)(t) d log µ(k)(t) +
1

2

n
∑

k=1

πpt(k)(t)
n

∑

i=1

1{ut(k)=i}dL0
t ((log(µ(k)) − log(µi))

+)

−
1

2

n
∑

k=1

πpt(k)(t)
n

∑

i=1

1{ut(k)=i}dL0
t ((log(µ(k)) − log(µi))

−) + γ⋆
π dt

=
n

∑

k=1

πpt(k)(t)

µ(k)(t)
dµ(k)(t) +

1

2

n
∑

k=1

πpt(k)(t)
n

∑

i=1

1{ut(k)=i}dL0
t ((log(µ(k)) − log(µi))

+)

−
1

2

n
∑

k=1

πpt(k)(t)

n
∑

i=1

1{ut(k)=i}dL0
t ((log(µ(k)) − log(µi))

−) + γ⋆
π dt

−
1

2

n
∑

k=1

πpt(k)(t)d < log µk(·) >t

Let assume that the weights πi, i = 1, · · · , n satisfy:

πpt(k)(t)

µ(k)(t)
= Dk log S(µ(·)(t)) + ϕ(t)

6



In this case:

n
∑

i=1

πpt(i)(t)

µ(i)(t)
dµ(i)(t) =

n
∑

i=1

Dilog S(µ(·)(t)) dµ(i)(t) + ϕ(t)
n

∑

i=1

dµ(i)(t)

=

n
∑

i=1

Dilog S(µ(·)(t)) dµ(i)(t)

Now we consider the last summation γ⋆
π dt − 1

2

∑n
k=1 πpt(k)(t)d < log µk(·) >t. It follows

γ⋆
π dt −

1

2

n
∑

k=1

πpt(k)(t)d < log µk(·) >t =

n
∑

i,j=1

Dilog S(µ(·)(t))Dj log S(µ(·)(t))µ(i)(t)µ(j)(t)τ(ij)(t)

Finally,

d log(Zπ(t)/Zµ(t)) =

n
∑

i=1

Dilog S(µ(·)(t)) dµ(i)(t)

−
1

2

n
∑

i,j=1

Dilog S(µ(·)(t))Dj log S(µ(·)(t))µ(i)(t)µ(j)(t)τ(ij)(t)dt

+
1

2

n
∑

k=1

πpt(k)(t)
n

∑

i=1

1{ut(k)=i}dL0
t ((log(µ(k)) − log(µi))

+)

−
1

2

n
∑

k=1

πpt(k)(t)
n

∑

i=1

1{ut(k)=i}dL0
t ((log(µ(k)) − log(µi))

−)

�

Corollary 3.1 In the particular case studied by Fernholz, where we assume the stocks

X1, · · · ,Xn are pathwise mutually nondegerate, we have:

d log(Zπ(t)/Zµ(t)) =

n
∑

i=1

Dilog S(µ(·)(t)) dµ(i)(t)

−
1

2

n
∑

i,j=1

Dilog S(µ(·)(t))Dj log S(µ(·)(t))µ(i)(t)µ(j)(t)τ(ij)(t)dt

+
1

2

n−1
∑

k=1

(πpt(k+1)(t) − πpt(k)(t))dL0
t ((log(µ(k)) − log(µ(k+1)))

3.1 Examples of Rank-Dependent Portfolios

As considered by Fernholz, we have more generally:

Example. (The biggest stock) Let S = x(1).

7



d log(Zπ(t)/Zµ(t)) =
1

(µ(1)(t))
dµ(1)(t) −

1

2
τ(11)(t) dt

−
1

2
πpt(1)(t)

n
∑

i=1

1{ut(1)=i}dL0
t ((log(µ(1)) − log(µi)))

Hence,

d log(Zπ(t)/Zµ(t)) = d log µ(1)(t) −
1

2
πpt(1)(t)

n
∑

i=1

1{ut(1)=i}dL0
t ((log(µ(1)) − log(µi)))

Equivalently,

d log(Zπ(t)/Zµ(t)) = d log µ(1)(t) −
1

2
πpt(1)(t)

n
∑

i=1

dL0
t ((log(µ(1)) − log(µ(i))))

Since the local time component of the drift process is decreasing, the long-term relative
performance of π will suffer if there are many changes of leadership in the market.

Example. (The size effect)
The size effect is the observed tendency of small stocks to have higher long-term returns
than large stocks. Let 1 < m < n and suppose

SL(x) = x(1) + · · · + x(m).

Then the drift dΘ is given by:

dΘt := −
1

2

m
∑

k=1

µ(k)

SL

n
∑

i=m+1

dL0
t (log µ(k) − log µ(i))

If we specify, the Fernholz’s case, we obtain:

dΘt := −
1

2

µ(m)

SL
dL0

t (log µ(m) − log µ(m+1))

Similarly,
SS(x) = x(m+1) + · · · + x(n).

Then the drift dΘ is given by:

dΘt := +
1

2

n
∑

k=m+1

µ(k)

SL

m−1
∑

i=1

dL0
t (log µ(i) − log µ(k))

Since the drift process is monotonically increasing, it is likely that the return on small-
stock index will eventually be greater than that of the large-stock index. Hence, the higher
long-term return of small-stock index is due to the increasing drift process, and the relative
level of small-stock risk is irrelevant.

8
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[6] Y. Ouknine, Généralisation d’un lemme de S. Nakao et applications. Stochastics 23
(1988), 149–157.

[7] J. A. Yan, A formula for local times of semimartingales. Northeast. Math. J. 1 (1985),
138–140.

9



 

SFB 649 Discussion Paper Series 

 
For a complete list of Discussion Papers published by the SFB 649, 
please visit http://sfb649.wiwi.hu-berlin.de. 
 

001 "Nonparametric Risk Management with Generalized 
Hyperbolic Distributions" by Ying Chen, Wolfgang Härdle and 
Seok-Oh Jeong, January 2005. 

002 "Selecting Comparables for the Valuation of the European 
Firms" by Ingolf Dittmann and Christian Weiner, February 
2005. 

003 "Competitive Risk Sharing Contracts with One-sided 
Commitment" by Dirk Krueger and Harald Uhlig, February 
2005. 

004 "Value-at-Risk Calculations with Time Varying Copulae" by 
Enzo Giacomini and Wolfgang Härdle, February 2005. 

005 "An Optimal Stopping Problem in a Diffusion-type Model with 
Delay" by Pavel V. Gapeev and Markus Reiß, February 2005. 

006 "Conditional and Dynamic Convex Risk Measures" by Kai 
Detlefsen and Giacomo Scandolo, February 2005. 

007 "Implied Trinomial Trees" by Pavel Čížek and Karel 
Komorád, February 2005. 

008 "Stable Distributions" by Szymon Borak, Wolfgang Härdle 
and Rafal Weron, February 2005. 

009 "Predicting Bankruptcy with Support Vector Machines" by 
Wolfgang Härdle, Rouslan A. Moro and Dorothea Schäfer, 
February 2005. 

010 "Working with the XQC" by Wolfgang Härdle and Heiko 
Lehmann, February 2005. 

011 "FFT Based Option Pricing" by Szymon Borak, Kai Detlefsen 
and Wolfgang Härdle, February 2005. 

012 "Common Functional Implied Volatility Analysis" by Michal 
Benko and Wolfgang Härdle, February 2005. 

013 "Nonparametric Productivity Analysis" by Wolfgang Härdle 
and Seok-Oh Jeong, March 2005. 

014 "Are Eastern European Countries Catching Up? Time Series 
Evidence for Czech Republic, Hungary, and Poland" by Ralf 
Brüggemann and Carsten Trenkler, March 2005. 

015 "Robust Estimation of Dimension Reduction Space" by Pavel 
Čížek and Wolfgang Härdle, March 2005. 

016 "Common Functional Component Modelling" by Alois Kneip 
and Michal Benko, March 2005. 

017 "A Two State Model for Noise-induced Resonance in Bistable 
Systems with Delay" by Markus Fischer and Peter Imkeller, 
March 2005. 

 
SFB 649, Spandauer Straße 1, D-10178 Berlin 

http://sfb649.wiwi.hu-berlin.de 
 

This research was supported by the Deutsche 
Forschungsgemeinschaft through the SFB 649 "Economic Risk". 



018 "Yxilon – a Modular Open-source Statistical Programming 
Language" by Sigbert Klinke, Uwe Ziegenhagen and Yuval 
Guri, March 2005. 

019 "Arbitrage-free Smoothing of the Implied Volatility Surface" 
by Matthias R. Fengler, March 2005. 

020 "A Dynamic Semiparametric Factor Model for Implied 
Volatility String Dynamics" by Matthias R. Fengler, Wolfgang 
Härdle and Enno Mammen, March 2005. 

021 "Dynamics of State Price Densities" by Wolfgang Härdle and 
Zdeněk Hlávka, March 2005. 

022 "DSFM fitting of Implied Volatility Surfaces" by Szymon 
Borak, Matthias R. Fengler and Wolfgang Härdle, March 
2005. 

023 "Towards a Monthly Business Cycle Chronology for the Euro 
Area" by Emanuel Mönch and Harald Uhlig, April 2005. 

024 "Modeling the FIBOR/EURIBOR Swap Term Structure: An 
Empirical Approach" by Oliver Blaskowitz, Helmut Herwartz 
and Gonzalo de Cadenas Santiago, April 2005. 

025 "Duality Theory for Optimal Investments under Model 
Uncertainty" by Alexander Schied and Ching-Tang Wu, April 
2005. 

026 "Projection Pursuit For Exploratory Supervised Classification" 
by Eun-Kyung Lee, Dianne Cook, Sigbert Klinke and Thomas 
Lumley, May 2005. 

027 "Money Demand and Macroeconomic Stability Revisited" by 
Andreas Schabert and Christian Stoltenberg, May 2005. 

028 "A Market Basket Analysis Conducted with a Multivariate 
Logit Model" by Yasemin Boztuğ and Lutz Hildebrandt, May 
2005. 

029 "Utility Duality under Additional Information: Conditional 
Measures versus Filtration Enlargements" by Stefan 
Ankirchner, May 2005. 

030 "The Shannon Information of Filtrations and the Additional 
Logarithmic Utility of Insiders" by Stefan Ankirchner, Steffen 
Dereich and Peter Imkeller, May 2005. 

031 "Does Temporary Agency Work Provide a Stepping Stone to 
Regular Employment?" by Michael Kvasnicka, May 2005. 

032 "Working Time as an Investment? – The Effects of Unpaid 
Overtime on Wages, Promotions and Layoffs" by Silke 
Anger, June 2005. 

033 "Notes on an Endogenous Growth Model with two Capital 
Stocks II: The Stochastic Case" by Dirk Bethmann, June 
2005. 

034 "Skill Mismatch in Equilibrium Unemployment" by Ronald 
Bachmann, June 2005. 

 

SFB 649, Spandauer Straße 1, D-10178 Berlin 
http://sfb649.wiwi.hu-berlin.de 

 
This research was supported by the Deutsche 

Forschungsgemeinschaft through the SFB 649 "Economic Risk". 



 

035 "Uncovered Interest Rate Parity and the Expectations 
Hypothesis of the Term Structure: Empirical Results for the 
U.S. and Europe" by Ralf Brüggemann and Helmut 
Lütkepohl, April 2005. 

036 "Getting Used to Risks: Reference Dependence and Risk 
Inclusion" by Astrid Matthey, May 2005. 

037 "New Evidence on the Puzzles. Results from Agnostic 
Identification on Monetary Policy and Exchange Rates." by 
Almuth Scholl and Harald Uhlig, July 2005. 

038 "Discretisation of Stochastic Control Problems for Continuous 
Time Dynamics with Delay" by Markus Fischer and Markus 
Reiss, August 2005. 

039 "What are the Effects of Fiscal Policy Shocks?" by Andrew 
Mountford and Harald Uhlig, July 2005. 

040 "Optimal Sticky Prices under Rational Inattention" by 
Bartosz Maćkowiak and Mirko Wiederholt, July 2005. 

041 "Fixed-Prize Tournaments versus First-Price Auctions in 
Innovation Contests" by Anja Schöttner, August 2005. 

042 "Bank finance versus bond finance: what explains the 
differences between US and Europe?" by Fiorella De Fiore 
and Harald Uhlig, August 2005. 

043 "On Local Times of Ranked Continuous Semimartingales; 
Application to Portfolio Generating Functions" by Raouf 
Ghomrasni, June 2005. 

SFB 649, Spandauer Straße 1, D-10178 Berlin 
http://sfb649.wiwi.hu-berlin.de 

 
This research was supported by the Deutsche 

Forschungsgemeinschaft through the SFB 649 "Economic Risk". 


	Frontpage 43.pdf
	SFB649DP2005-043_.pdf
	Endpage 43.pdf

