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SUMMARY (ENGLISH)

After the two years of studies in the area of mathematical finance at University of Paris 1, | had a chance to
work with an asset management team as a quantitative analyst at Lyxor Asset Management, Société Générale in

Paris, France.

My first task was to develop an analysis of the performances of the funds on “hidden assets” where the
team’s main focus was on, such as Volatility Swap, Variance Swap, Correlation Swap, Covariance Swap, Absolute
Dispersion, Call on Absolute Dispersion (Palladium). The purpose was to anticipate the profit and to know when
and how to reallocate assets according to the market conditions. In particular, | have automated the analysis
through VBA in Excel.

Secondly, | had a research project on Correlation trades especially involving Correlation Swaps and
Dispersion Trades. This report is to summarize the research | have conducted in this subject. Lyxor has been
benefiting from taking short positions on Dispersion Trades through variance swaps, thanks to the fact that
empirically the index variance trades ‘rich’ with respect to the variance of the components. However, a short
position on a dispersion trade being equivalent to taking a long position in correlation, in case of a market crash (or
a volatility spike), we can have a loss in the position. Thus, the goal of the research was to find an effective
hedging strategy that can protect the fund under unfavorable market conditions. The main idea was to apply the
fact that dispersion trades and correlation swaps are both ways to have exposure on correlation, but with different
risk factors. While correlation swap has a ‘pure’ exposure to correlation, dispersion trade has exposure to the
realised volatilities as well as the correlation of the components. Thus, having risk to another factor, the implied
correlation of a dispersion trade is above (empirically, 10 points) the strike of the equivalent correlation swap. Thus,
taking these two products and taking opposite positions in the two, we try to achieve a hedging effect. Furthermore,
I look for the optimal weight of the two products in the strategy which gives us the return of the P&L, volatility of the
P&L, and risk-return ratio of our preference. Moreover, | tested how this strategy would have performed in past

market conditions (back-test) and under extremely bearish market conditions (stress-test).

After the research project, for the remaining period of my internship, | will conduct back-test, stress-test
and sensitivity-test on new strategies developed.
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SUMMARY (FRANCAISE)

Aprées deux ans d’études en mathématiques financieres, j’ai eu une grande opportunité d’appliquer mes
connaissances dans ce domaine comme analyste quantitatif, avec I'équipe des gérants de fonds, au sein de Lyxor

Asset Management, Filiale de la Société Générale, La Défense, Paris.

La premiéere étape de mon stage fut de développer une analyse de performance pour des fonds, ayant des
stratégies basées sur des parameétres implicites. Les fonds gérés par mon équipe sont principalement basés sur
des swaps de volatilité, swaps de Variance, swaps de Covariance, Dispersion Absolue, Call sur Dispersion
Absolue (Palladium). L’objectif étant d’anticiper les profits et de déterminer la meilleure partition des actifs du
portefeuille en fonction I'état du marché. Pour ce faire, j'ai développé des macros sous Excel afin de faire des tests

sur des données historiques.

En deuxiéme étape, jai effectué des recherches sur les contrats de Corrélation, en particulier les Swaps
de Corrélation et les contrats de Dispersion. Ce rapport développe essentiellement les recherches que j’ai conduite
au cours de cette deuxiéme étape. La stratégie qui a une position Short sur des contrats de dispersion a travers
des Swaps Variance fut profitable ces derniéres années car la variance des indices ont été globalement supérieurs
a ceux du panier correspondant. Cependant, puisque une Position Short sur un contrat de Dispersion est
équivalent a prendre une position Long sur Corrélation, si un ‘Crash’ boursier survient, ou un comportement de
volatilité équivalent, on peut avoir de grandes pertes liées a cette position. C’est pour se couvrir face a un tel
comportement du marché, que toute cette étude prend un sens. |l s’agit de développer une stratégie qui permettra
au fonds de se protéger en cas de comportement défavorable du marché. L’idée principale étant d’utiliser le fait
que les contrats de Dispersion et les Swaps de Corrélation permettent les deux d’avoir une exposition sur la
corrélation, mais avec différents facteurs de risque. Alors que le Swap de Corrélation est une exposition ‘pure’ a la
corrélation, un contrat de Dispersion est exposé a I'ensemble de la volatilité réalisée du panier et de la corrélation.
Etant exposée sur un autre facteur, le Strike d’'une corrélation implicite d’'un contrat de Dispersion est au dessus du
Strike d’'un Swap de corrélation équivalent. Donc, en considérant ces deux produits financiers et en adoptant des
positions différentes sur les deux produits dans la stratégie, on essaie d’établir une couverture. En plus, il s’agit
d‘optimiser la moyenne du P&L, la volatilité du P&L et le ratio de retour sur risque en paramétrant les poids des
deux produits (Swap de Corrél et contrat de Dispersion). J'ai également testé les performances de cette stratégie
sur des données historiques, et comment elle aurait performé dans le passé (Back-test) et sous des conditions du

marché extrémement défavorables (Stress-test).

Aprés avoir accomplis mes recherches, pour le temps restant de mon stage, je vais accomplir des back-

test, stress-test et des test de sensibilité pour de nouvelles stratégies.
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LYXOR ASSET MANAGEMENT

Lyxor Asset Management was created in 1998 by the Global Equities and Derivatives Solutions (GEDS),

the Financial Engineering Department of SOCIETE GENERALE Corporate and Investment Banking (SGCIB).
Under are the organization charts to demonstrate where Lyxor stands in SOCIETE GENERALE.
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~ OURSGCIB organization e

Investment
Banking (BIEN) |
JV with BDDF |

Audit (AUD)
— F Geotfroy
]
Midcaps i SGIB/DIR -
J-P Mustier — M Péretié I et
P Soulard
C Mianné Principal Finance (PFE)

T Chua

Boost (BST)
M Lama

Client Relationship Management

Corporates, Institutions and Advisory (CORI)
T Aulagnon & B Oftenwaelter

Issuer Business Solutions Investor Business Solutions
Capital Raising and Financing Fixed Income Currencies & Global Equities and Derivatives
(CAFI) Commeodities (FICC) Solutions (GEDS)
J-L Parer O Khayat C Mianné
Resources
Information Middle & back- Accounting & Human Corporate i;g;:’a::' e
technology offices Finance resources functions ) GO —
(ITEC) (OPER) (ACFI) (HUMN) (CORP) M Kaplan
B Lemarignier P Mina H de Kerdrel P Auge B Salewyn X Jacquemain
Regions
Americas
D Lebot
Asia Pacific

D Doan-Tran

Yujin Chloe Choi



ASSET MANAGEMENT BY

LYXOR
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LYXOR

ORGANIZATION CHART OF LYXOR
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Laurent SEYER
Chief Executive Officer
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PRODUCTS

Lyxor Asset Management has positioned itself as a specialist, a niche player, with expertise on three
expanding investment market.
e Index tracking : 1012 funds
e Structured funds: 394 funds

e Alternative investments: 127 funds

The amount of Asset under management is:

Total AUM: € 75.2 billion 100%
Index Tracking € 28.90 billion 38.4%
Structured
€ 20.50 billion 27.3%
Investment
Alternative
€ 25.80 billion 34.3%
Investment

Source: Lyxor Asset Management (figures as of May 27th, 2008)
Among these funds, my team managed the structured funds. In particular, they were categorized as Lyxor Generis

fund and Lyxor Quantic fund.
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GENERIS

Lyxor Generis is consisted of pure single-strategy hedge funds. It takes advantage from inefficiencies on

equity implied assets thus takes statistical arbitrage through a model-based process. It consists of 4 strategies

under the names Lyxor G-Volt, Lyxor G-Square, Lyxor G-Sphere, Lyxor G-Smile, and the main ideas for each

funds are described in the following chart.

Direct exposure to implied assets

—
Lyxor G-Volt Lyxor G-Square Lyxor G-Sphere Lyxor G-Smile
= Stock Volatility ® Index Volatility Surface | ® Index Implied/Realized ® Volatility Smile
Arbitrage Strategy Arbitrage Strategy Volatility Arbitrage Arbitrage Strategy
Strategy
Core beliefs m Volatility is an asset ® Main indices volatilities - N m Asymmetric investor
. are correlated on a short | ™ Long volatility pesition behaviour towards buy
B Market are not efficient hedaged against market
- - term ged ag and sell
when pricing volatility reversal recommendation
Inefficiency B The risk of certain ® Markets price a non- ®In nolrr_'nal markgt ® Non realisation of stock
stocks is undervalued convergence of indices conditions, implied smile
with respect to their volatility volatility is priced above
market the realised volatility level
Strategy | Arbitrage between squity ® Arbitrage between B Short spot index volatility || ™ Xoggti\ity Smile
and indices volatilities mplied volatility forward |l o) 0 position on implied roitrage .
B Long stocks volatility B Arbitrage between volatility m Short stock sm||<.e-
= Short indices volatility implied volatility smile % Long stock volatility
Objectives | ™ Performance: 15% p.a. m Performance: 15% p.a. | m Performance: 15% p.a. m Performance: 15% p.a.
 Volatility: 10% max. p.a. | ™ Volatility: 10% max. p.a. | m Volatility: 10% max. p.a. || ™ Volatility: 10% max. p.a.
QUANTIC

Lyxor Quantic is a more active and sophisticated investment strategy compared to Lyxor Generis. Still the

main idea is to take advantages of inefficiencies on implied assets. It consists of four strategies named Lyxor Low

Vol, Lyxor Progressive, Lyxor Dynamic, which differs in the performance objective.

3M Euribor +

3M Euribor +
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+1,50 %
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A

—
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—

3%

—)
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-
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And the different performances are achieved through different strategies.

Discretionary strategy Fundamental analysis From 3 months Relative value and
Ciuantitative Inputs to 3 years opportunistic position on
implied assets

Quantitative arbitrage Quantitative models 2 years Statistical arbitrage and
Discretionary active systematic arbitrage on
allocation volatility, dispersion,

correlation, smile. ..

Tactical overlay Short term views Below 3 Directional positions on
months volatility , short term
indices option (vanilla
option or barrier option)

During my internship, most of my tasks were dedicated to Lyxor Quantic.

TEAM MEMBERS

| worked with the asset management team of 6 people including 4 fund managers 1 quantitative analyst and 1

intern. Following is a brief description of the team members.

Fabrice Tenga — Head of Fund Management Team

Fabrice joined Société Générale as a Financial Engineer in charge of Pricing and New Product Creation
for European market. In 2002, he moved to Hong Kong to head the equity derivatives financial
engineering team in charge of Asia ex Japan. In 2005 he became head of the financial engineering team
based in Milan in charge of the Italian market before being appointed Head of Fund Management Team of
Lyxor in 2007. Fabrice is a graduate from ENSAE in Malakoff, one of the leading french grandes ecoles
specialized in economics, statistics, probability and finance and has a Master degree in Statistics,

economic modelisation and Finance from the University of Paris VII.

Olivier Cornuot — Deputy head of Fund Management Team, responsible for Lyxor Quantic Funds

Olivier joined Lyxor AM in 2006 to take charge of the Lyxor Quantic management team. Previously, Olivier
was a portfolio manager at BNP PAM, first as a global balanced portfolio manager, then as a member of
the structured asset management team. He managed structured funds (mainly guaranteed or protected
accounts) and also contributed to the development of the activity through the development and
management of innovative structured funds. He started his career at Paribas’ Internal Audit Department
as an Auditor specialized in Capital Markets and Asset Management. He is a graduate of the French
engineering school “Ecole Nationale des Ponts et Chaussées” as well as of the “Institut d'Etudes

Politiques” in Paris. He is a CFA charter holder.
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Waiel Ben-Gaied — fund manager

¢ Waiel is a fund manager of Lyxor Quantic funds. Waiel joined Lyxor AM in 2006 as a financial engineer in
the Structured Management Team. He was appointed as fund manager in 2007. Previously, Waiel was a
financial engineer in HSBC France. Waiel graduated from the French engineering school “Ecole Nationale

des Ponts et Chaussées” and holds a Master in Probability and Finance

Quentin Perromat - fund manager
¢ Quentin joined Lyxor AM as a fund manager in 2007. Previously, he had worked in SOCIETE GENERALE
where he was risk analyst on equity and index derivatives. Quentin graduated from the French engineering
school “SUPAEROQ” financial engineering specializations.

Braihm Sentissi — Quantitative analyst
e Braihm joined Lyxor AM as a quantitative analyst in 2008. Braihm graduated from Ecole Centrale. Braihm

had been working as a quantitative analyst in SOCIETE GENERALE for two years.

GROWING INTEREST IN CORRELATION (p)

In the recent years, banks have sold structured products such as Worst-of op’tions1 , Everest ? and
Himalayas3, resulting in a short correlation exposure. They have hence become interested in offsetting part of this
exposure, namely buying back correlation. Two ways have been proposed for such a strategy: either pure
correlation swaps or dispersion trades which consist in taking a position in an index option and the opposite
position in the components options. These dispersion trades have been traded using calls, puts, straddles, and
they now trade variance swaps as well as third generation volatility products, namely gamma swaps and barrier

variance swaps. In this report we will focus on the dispersion trades through variance swaps.

To repeat, correlation exposure is achieved either through a Dispersion Trade or via Correlation Swap.

Correlation Swap gives a direct exposure to correlation; with the payoff of the difference between the
realised correlation (the average Pairwise correlation) and the strike set at inception of the trade. Although the
Correlation Swap is the most direct way to trade correlation, this instrument is not very liquid, since there is no
methodology to estimate the Implied Pairwise Correlation, meaning the valuation of the fair strike and hedging of
the instrument is very problematic. Therefore, the most common way to have a “direct” exposure to correlation is
via Dispersion Trades.

! Option that pays the worst performance among stocks within a pre-specified basket
2 Payoff on the worst performing
3 Average performance of best share of index
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When considering a dispersion trade via variance swaps, one immediately sees that it gives a correlation

exposure independent of the level of the stocks. But it has empirically been showed that the implied correlation —in

such a dispersion trade-was not equal to the strike of a correlation swap with the same maturity. Indeed, the
implied correlation tends to be around 10 points higher. We will further discuss this issue, and we begin by
explaining the definition of correlation used in this report.

DISPERSION & CORRELATION

DISPERSION

Dispersion is the difference between the average of single stocks volatility and the benchmark index volatility.

N
Disp = Za)lol. -0,

i=1

CORRELATION

Correlation is a measure of the tendency of share prices to move together. There are three different ways to

calculate correlation.

e AVERAGE PAIRWISE CORRELATION

The correlation between two assets, or pairwise correlation between date 0 and T, is defined as:

T ( _ _
V. —I’.X}". —I".) 0,7
Z it i Jot J COV(”'I» , rj )

i=0 —
0,7 __0,T
L ( —)2 o, 0,
Fja =15
=0

" \/ >, —Z)z\/

i=0 i

and the realized ‘average pairwise correlation’ is equal to:

1 n
— § E o,T
P averagerealised Pi J
nx (n - 1)

i=l i#j

e CLEAN CORRELATION

Consider an index (i.e. a basket) with n stocks. If we replicate the index, we constitute a basket with the
following volatility:

n n
2 2 2
o =300’ + Yoo,

i=1 i=1,j#i
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Assuming a single average value for the off-diagonal correlation, we can define the implied correlation, namely an

‘average correlation’ or ‘clean correlation’ of the portfolio, as follows:

¢ DIRTY CORRELATION

Bossu® assumed that, if the Index is well diversified (with more than 20 constituents), the term waaiz is
i=1

close to zero. Hence, a good proxy for the implied correlation, which we refer to as ‘dirty correlation’, is:

o (712 _ ( IndexVolatiliy ]2

n : WeightedAverageStockVolatility
S w0,
i=1

Hence, the dirty correlation can be seen as the ratio between two traded products, through variance swaps or
variance dispersion trades. Moreover, this formula can be used in reverse to predict a value for index volatility

given values for correlation and average single-stock volatility.
n
Z W;0; XA/ P =0,
i=1

We can see that the relationship is non-linear: when correlation is low, an increase in correlation will cause greater

increase in volatility than when correlation is high.
e REALISED CORRELATION VS. IMPLIED CORRELATION

Realised correlation can be computed using any of the above formulas with realized volatility. In the case
of implied correlation, as | have briefly mentioned before we cannot derive the Implied Pairwise Correlation, but the

‘clean’ and ‘dirty’ correlation can be computed with the equations above using ATM implied volatility.
REALISED CORRELATION < IMPLIED CORRELATION

Implied correlation is the market’s expectations of future realised index correlation. However, historically a
noticeable trend has been for implied correlation to stand above the subsequent realized correlation, as a

consequence of index volatility trading rich relative to the constituent single-stock volatility.

There are several explanations to the implied correlation risk premium:
o Negative Correlation with market level: Correlation tends to rise when equity markets fall, thus market

participants will ask for a premium to be short correlation.

4 Reference number 4
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Correlation skew: Index Skew tends to be steeper than the skew of the single stocks since market
participants anticipate a higher correlation when the equity market falls, and higher correlation would imply
a higher skew.

o Need for hedge of long correlation positions: As | have mentioned in the introduction, investment banks
with significant structured products business use correlation swaps or dispersion trades to lay-off part of
their correlation risk that they have built up by selling structured products.

e Flow Activity: Institutional investors often buy index put options to protect their portfolio and portfolio
managers sell OTM calls on single stocks in order to receive the premium in exchange of capping their
maximum potential upside thus resulting in a synthetic long implied correlation position. Investment banks
on the other side are short correlation and too many look to buy back correlation, which again acts as a

source in increasing the implied correlation.

CORRELATION SWAPS

A correlation swap is an instrument that pays the difference between the realised correlation and the strike.
Normally, for the realized correlation we use the Average Pairwise Correalation which we have defined before.

Thus, mathematically the payoff would be:

CorrSwap =N ZZ Pl -

zlt:tj

where p; " is the pairwise correlation.

FAIR STRIKE

In theory, the strike of a correlation swap should trade close to the dirty implied correlation. Thus, to
compute the fair strike of the correlation swap we need to replicate it using other liquid products. In fact, the
correlation swap can be dynamically quasi-replicated by a variance dispersion trade, but liquidity is not enough on

all markets for variance swaps, neither for every index and its components.

Moreover, even using options which are liquid enough, the implied average pairwise correlation can not be
computed since it depends on the correlations between all pairs of stocks. We would need implied covariance data
to calculate such implied correlation with plain vanilla options. Even if the implied covariance between pairs of
single stocks could be obtained through out-performance or spread options, these instruments are neither listed

nor liquid enough to provide useful estimates of covariance. Thus it is difficult to estimate the fair strike.

In reality, since the market for correlation swaps is not liquid enough, the traders determine the strike of the
correlation swaps by the supply and demand of the market participants. Moreover, the traders have a rule of thumb

to calculate a lambda which transfers the realised pairwise correlation to implied pairwise correlation and vice
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versa, which gives an intuitive range where the fair strike should lie between. The lambda is calculated from

existing correlation trades. First we derive the implied pairwise correlation from the Mark to Market values.

MarkToMarket = p,, .., ¥ Eﬁelapsed + Pimpiiea > (1 B T%d‘”’ Sed)
MarkToMarket — p,, ;... % T

Y%elapsed
1-T.

Yelapsed

= p implied =

And then we deduce the lambda by the following equation.

pimplied = ﬂ‘ + (1 - Z‘)prealised

pimplied - prealised
A=
1 - p realised

<~

DISPERSION TRADES

Dispersion Trade’s payoff slightly differs from the ‘Dispersion’ we have defined above. It is because
dispersion trade have been traded using equity options in the past but since the liquidity of variance swaps
increased, the variance dispersion has become the standard correlation vehicle in the Equity Derivative world.
Here, we introduce two different types of dispersion trades, namely vega-neutral dispersion trade and vega-neutral

dispersion trade, which differ in the weighting schemes.

VEGA-NEUTRAL DISPERSION

The ‘Plain Vanilla’ dispersion consists in selling index variance swaps while buying single stocks variance

swaps.Thus the dispersion P&L is given by:

iy =[S lo? - 2| -l <)
i=1 i 1

In particular, this dispersion trade is called “Vega-Neutral” as same amount of vega notional is bought and

sold thus making the trader immune against short moves in volatility.

The P&L of a vega-neutral dispersion trade can be restated as:

Disp = N((i%(af —K,-z)J—%(Gf -k} )j

i=1 i
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LONG DISPERSION = SHORT CORRELATION

We demonstrate how engaging in a dispersion trade gives us exposure to correlation.

As the dirty correlation is given by p = O-—l,

Differentiating the P&L with respect to correlation yields a value always negative.

pn 3| £ 2ot )- £ S| |5 Zokix)

i=1 i

oDisp _

Hence, being long dispersion trade implies being short realized correlation. Below is a table that summarizes this.

Long Dispersion

op

Short Correlation

N
2K,

2
(Za}iaij <0
i=1

Short Index Variance

Long Stocks Variance

Short Dispersion

Long Correlation

Long Index Variance

Short Stocks Variance

POSITIVE SENSITIVITY TO (AGGREGATED) SINGLE STOCK VOLATILITY

So far we have talked about only the case of a Dispersion Trade we call ‘vega-neutral’, but this is not a
pure correlation trade as the volatility exposure is not null. To analyze the Dispersion Trade’s sensitivity to single
stock volatility, we rewrite the Vega-neutral Dispersion trade:

Dispepi-neutrar = (i% (af -K; )j _ N (0'12 -K; )

i=1 2I<1

(SN (o N[ (S Y s
(Bat ) 5 (g )

Then the Dispersion Trade’s sensitivity to single stock volatility is given by:

oDi. . Y
LMo Z-0,LY w0,
aO'i Ki 7 i=1
N
Za)idl
O N
=N . i —w L i=l 6

5 using the dirty realised correlation equation
6 using the dirty implied correlation equation: notation o
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=N a)lm(l - L_J !
N3
w;and m are always positive and L_ is smaller than 1 since correlation lies between 0 and 1. Hence, we can
12
see that while a vega-neutral dispersion trade provides a negative exposure to correlation, it is positively sensitive
to single stock volatility. In particular, it can be proved that the sensitivity of a dispersion trade with respect to the

‘overall’ single stocks volatility exposure is positives:

And this value is likely to be positive since L_ is likely to be lower than one. Hence, a vega-neutral dispersion
VP
trade is not a pure correlation trade but yields a positive sensitivity to realized volatility. Such a dispersion trade

would therefore underperform in a falling volatility environment, all other things being equal.

THETA-NEUTRAL DISPERSION

There is another way to capture a more ‘pure’ correlation risk premium without being exposed to volatility
movements. One way to reduce the exposure to single stock volatility is to increase the initial index Vega that is

sold in the following proportion:

In this case, the dispersion is called ‘theta-neutral’ or ‘correlation-weighted’ and has a P&L equal to:

N

Dispthem—neutral = (22]\]7! (0_1-2 - Kiz )J - 215\/'—[\/5 (012 - K12 )
! 1

i=l

S o) o) S

" For simplification reasons we assume that traders over or undervalue single stocks implied volatility but by the same amount
of bias for all stocks. Thus: o, = mK,

8 Reference number 8
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i=1 ,'

LS ) 2 (Soe

We can see that the implied part of the dispersion trade disappears, which can be explained by the fact the higher

index Vega notional compared to offset the initial strike price different between single stocks and index. If single

stocks and index variances move by the same absolute amount, the realised dispersion for that day will be equal to

zero which is why this trade is called ‘theta-neutral’.

trade have the same time decay.

THEORETICAL VALUE

In other words, the single stocks and the index legs of the

Moreover, we can derive the theoretical value of a vega-neutral dispersion trade. Below is the demonstration of the

calculation:

2K,

= i(pKiwi (0 -&)-(o

i=1

=9

o] g o)

N
9 Za)'K' _ﬁ — () by definition of implied dirty correlation (p)

i=1 P

'%|n case the standard deviation of the singles is low, which should be the case for a dispersion trade with more than 20

1 1

K, Za)K

constituents, we have:

" Here we consider a Correlation-weighted dispersion (theta-neutral Dispersion) which the total Vega notional of the singles is

multiplied by the square root of the index correlation;
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2K,

N
2](11 lza)io-iz(pl( _p)14

In conclusion, we have:

2K

N
Disp =— ZQ)[O'iz(pK—p) ")
I i

Which indicates the payoff of the dispersion is the spread between implied and realised correlation multiplied by

the average variance of the components.
GREATER SENSITIVITY TO CORRELATION

To compare, the theta-neutral dispersion ‘s sensitivity to dirty correlation is higher than in the case of a

vega neutral dispersion which is mainly due to the fact that more index variance swap is sold:

. n 2 ; n :
aDlsptheta—neutral - _ N (Z a)o-j S aDﬂ — _i(z Q)Gj S 0
op 2JpK, o op 2k, T

i=1

LESS SENSITIVE TO (AGGREGATED) SINGLE STOCK VOLATILITY

And if we look at the sensitivity to single stock volatility:

12
N, =0, x N, x\/py =@, x N, x

n

2
13 2
Y00~ Yoo,
i i

4 As of the footnote <16>
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Compared to the vega-neutral dispersion trade, the sensitivity is closer to zero as £ is closer to one than o .
5 =

Il
—_
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The result holds when we aggregate all the single stock volatility as it yields:

pza)io-i

X, ODisp Y o pr
PN [ A =
; oo, ;a), K, s

p) oK,

i
i=1

The following table summarizes the comparison between the vega-neutral dispersion and the theta-neutral

dispersion:
N
N (& 2 N o pz ,0,
Vega-neutral - [Z 0.0, J Na),.m(l _ %J N i Fl L
2K, ‘S P i=1 ; \/EZ e
i=1
VS. v v v

Theta-neutral

2
i N N p = o-i i=1
(Correlation- - f( a)iaij N m[l - :] N Z o
weighted) 24 pK, ; ! P ~ 'K _<

In short, the theta-neutral strategy is more sensitive to correlation and less sensitive to volatility compared
to a vega-neutral strategy. Thus, vega-neutral trade would be an efficient way to own volatility, whereas

correlation-weighted dispersion trade would profit more in the moves of correlation.

PROFITABLE STRATEGY, ‘SHORT DISPERSION’

In particular, for the same reasons implied correlation tends to be above the realised correlation,
historically the sale of correlation through a dispersion trade has been a profitable strategy. Among some of the
reasons, one is that there is the demand for index protection. Institutions usually buy protection through index
volatility, hence keeping the volatility level of the index higher relative to the average volatility level of the basket. In

contrast there are more sellers of single stocks volatility than there are on the index side. Moreover, since the index

'® We use the same undervalue/overvalue assumption as the Vega-neutral dispersion trade.
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is more liquid than the single stocks, it's easy to observe the extra volatility on the index. Underestimation in event
risk such as bankruptcies, corporate scandals and mergers/takeover count as another reason the level of volatility

of baskets is lower.

Ppimp (DISPERSION TRADE) > pimp (CORRELATION SWAP)

It has empirically been showed that the implied correlation in a dispersion trade is not equal to the strike of

a correlation swap with the same maturitym. Indeed, the implied correlation tends to be around 10 points higher.

Part of this correlation spread of the Dispersion Trade over a Correlation Swap may be viewed as the risk
premium due to the dependence of the Dispersion Trade level to the level of volatility compared with the Index
Correlation level. The result (*) clearly shows that the volatility affects the notional, which is to say, the P&L. If the
average volatility goes up, the notional increases. Thus, the person taking a position in a Dispersion trade rather

than a Correlation Swap bears more risk due to the effect from the volatility.

Thus, just as the convexity-adjustment justifies the higher value of the Variance Swap rate compared to
the Volatility Swap rate, the Dispersion Trade ‘Correlation’ level is higher than the weighted-average pairwise

correlation measure as traded through a Correlation Swap. We further demonstrate this spread in the following

section.

The effect between the correlation and the average volatility is not straightforward, although we can see a
strong positive relationship from the historical data. The relationship can be considered as correlation tending to
increase with the average volatility (high volatility regime = high correlation regime). Thus, when the investor is
short correlation (Long Dispersion) and correlation picks up, loss are going to be higher in a similar manner to short

variance.

ANALYTICAL FORMULA FOR THE SPREAD

n n n n
2 2 2 . o A2 2.2 A A oA
Let o, = E 0 o+ E ®,0,0,0,p,; implied volatility, and ¢&,” = E 0 6, + E w,0,6,6;p;

i=1 i=1, j#i i=1 i=1, j#i

realized volatility. By subtracting these two equalities, we get:

n n

A2 2 2(~2 2 AA A

6, -0, = E o, (O'l. -0, )+ E a)l.a)j(al.ajp” —O'I.O'jp”)
i=1

i=1,j#i

= i:a),.z(o‘i2 —0'1.2)+ Zn:a)l.a)j [O'iaj(,é—p)+(6'i6'j —0',.0']),6]
i=1

i=l, j#i

16 Reference number 6 and 7
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n n n
= Za)iz(&iz —O'i2)+ Za)ia)jaiaj([)—pﬁ Z,b(&i&j —aiaj)
i=1

i=1, j#i i=1, j#i

Hence, we obtain the spread on the right side:

{2@,—2(&[2 _0'[2)_ (5'12 _0'[2)} _ Zn:a)ia)jaio'j (/3 —p) = i[)(&i&j _ O-io-j)

i=1,j#i i=1,j#i

This is equivalent to taking a short position in a dispersion trade through variance swaps (short the components’

variance swaps and long the index variance swap) and a long position in a Correlation Swap.
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STRATEGY

As mentioned above, selling correlation through dispersion has historically been profitable. Thus, we will

take a long position on a dispersion trade and hedge our position by taking a long position on a Correlation Swap.

In case of a volatility spike, the loss on the dispersion trade will be compensated by the gain in the correlation swap.

In short the strategy we will take is:

Long Dispersion Trade

Long Correlation Swap

In particular, based on an existing Correlation Swap deal in Lyxor Asset Management, we build a

dispersion trade with their implied volatilities at the date of inception as their strikes. We take a Correlation Swap

whose underlyings are the components of the Eurostoxx50 with a maturity of 9 months and the strike of 52%.

Thus:
Strike Date 13-Mar-08
Maturity date 19-Dec-08
Strike =K 52
Nominal =N 10 000 000
Number of Stocks = n 50
Weight = o, Stocks and Indice (Ticker) | Vol Strike = K, Variance Cap
0.85% 39.29 96.47
0.86% 42.46 112.68
0.97% 28.93 52.31
0.64% 50.29 158.06
2.89% 35.60 79.19
2.04% 28.24 49.85
1.89% 33.55 70.35
2.66% 31.41 61.67
1.20% 29.73 55.23
2.77% 37.51 87.95
1.11% 29.55 54.57
2.29% 38.93 94.72
3.21% 34.51 74.44
0.93% 42.22 111.41
1.86% 34.63 74.94
1.09% 36.55 83.51
1.81% 28.75 51.64
1.46% 23.96 35.89
2.62% 26.17 42.80
3.74% 27.42 46.99
2.11% 40.31 101.55
5.31% 27.40 46.92
2.06% 29.08 52.86
23
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1.68% 25.16 39.57
2.21% 42.20 111.31
1.86% 30.87 59.56
2.84% 39.94 99.72
2.04% 27.62 47.67
0.97% 32.26 65.03
1.89% 42.67 113.77
1.24% 29.06 52.79
4.62% 42.35 112.12
0.98% 30.64 58.69
1.31% 31.25 61.02
0.90% 33.04 68.23
0.94% 42.72 114.04
1.90% 26.19 42.88
2.65% 29.70 55.14
3.82% 31.56 62.24
1.44% 30.36 57.61
1.18% 37.01 85.62
3.33% 35.44 78.48
1.00% 37.81 89.33
2.24% 30.45 57.96
4.06% 28.87 52.11
1.02% 33.03 68.19
3.18% 36.45 83.03
1.65% 27.33 46.69
1.54% 30.24 57.15
1.09% 21.91 30.00

25.54 40.77

The payoff of our strategy will be:
T
Z(rir _riX’”ir —r,)
1 N i " ' - N 2 2 N, 2 2
= X ———— - — Vo —-K )|- -
Strategy = N, )2 K +[,-=1 2K, (0', K, )j 2K (0, ; )

VT S b

i=0 i=0
Using the estimation for the value of the Dispersion Trade we have:

L s io(r e, 7))
VT S, S0 )

i=0 i=0

zN[x

N 2
_K+I(Zwio-i] (pK —,0)

| have calculated the correlations and the P&L of the strategy in excel using VBA. | have included the

workbook in <Appendix A> and the codes in <Appendix B>. The following are the results.
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CORRELATION

Correlation
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Different ways to calculate correlations

| have presented three ways to calculate correlation above. For the realised correlation, we can see
that the clean realised correlation and dirty realised correlation has an error, even thought smaller than
0.01, with respect to the average pairwise correlation which is the most accurate method (the clean
correlation assumes equal correlation for all pairs). And we can see that the dirty correlation which is again
a shortcut of the clean correlation overestimates the correlation but not by much. Actually, the distance
between the dirty and clean measures do not exceed a few correlation points, but the distance between
the clean and average Pairwise measures can occasionally be significant (more than 10 correlation
points)”. In fact, it has been shown that in short-term the two measures are almost identical, but as it gets
to long-term the change in stock weightings make the error.”® This is observable throughout the period and
right after inception we can see the significant distance between clean and average pairwise correlation. In
the case of implied correlation, first, it is not possible to calculate pairwise correlation for the implied
correlation, since it is difficult to estimate the implied pairwise covariance. Secondly, we can see again that

the dirty correlation overestimates the implied correlation as it was the case for realised correlation.

Implied Correlation tends to stand above Realised Correlation

7 Reference Number 9
'8 Reference Number 11
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We have seen before that implied correlation tends to be above realised correlation. Even though
there are some periods that they show an opposite behavior, we can conclude that this is the dominant

case.

Implied Correlation of the Dispersion Trade tends to stay above the Strike of the Correlation Swap
Also, as we have mentioned above due to the risk premium for baring additional risk of the level of

volatility, the implied correlation of Dispersion Trade tends to be higher than the strike of a correlation swap.

We can see that except for the last few periods the implied volatility (which is marked in light blue) is above

the strike of the correlation swap (which is marked in a straight red line).*

Average Realised Volatility of the components of the Indice and the Realised Correlation of the
Indice have the same trend
The last point we have seen before is that the when the volatility rises the correlation tends to rise

also and vice versa. We can see here that they are drawing an almost parallel line on the graph.
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PROFIT & LOSS

P&L (Total) = P&L (DT) + P&L(CS)
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P&L of the Correlation Swap is decreasing
From the graph above we can see that the realised pairwise correlation is continuously decreasing

pass the level of the strike. As a result, the P&L continues to drop.

P&L of the Dispersion Trade is positive
We can see that even if a dispersion trade is also a method to invest in correlation that it is

maintaining a positive P&L, as we have said before that historically this is the case.

Hedging effect
Our aim when we constructed a long dispersion trade and a long correlation swap strategy was in
belief that the correlation swap would act as a hedge to the dispersion swap. However, we can see that the

correlation swap is making the P&L more drastic than flattening it.
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VEGA-NEUTRAL VS. THETA-NEUTRAL

In the graph below we can compare the different dispersion trades. The first, marked in maroon, is the

vega-neutral dispersion. The third, marked in peach, is the theta-weighted dispersion (from now on we will call it

correlation-weighted) where we multiply the nominal of the index by the inverse of the implied correlation at

inception. The second series, in pink, is a theoretical estimation of the correlation-weighted dispersion.
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<Dispersion Trade : Vega-Neutral vs. Correlation-weighted vs. estimation of Correlation-Weighted>

The theoretical P&L of the Dispersion Trade has error with respect to the realised P&L
We have calculated before that we can estimate the value of a correlation-weighted Dispersion
Trade as a spread of the implied correlation and the realised correlation times the weighted average of the

variance of the components. We can see that this is only a “rough” estimation of the exact P&L.

Under the decreasing correlation environment, the correlation-weighted strategy shows a bigger
increase in the payoff than the Vega-neutral strategy (and a bigger decrease in payoff when the
correlation is high). Looking at the Correlation and average volatility again, we can see that since
volatility is always positive it is the difference in realised correlation and implied correlation who decides if
the trade has a profit or a loss, and the average realised variation acts as an accelerator or a de-
accelerator. Right after inception, the realised correlation is higher than the implied correlation thus
showing a loss in the strategy. After is becomes the other way around and thus turns into a profit position
but the spread decreases as time passes by and the average realised volatility decreases also thus

accelerating the decrease in profit.
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HEDGING EFFECT
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Has either of the vega-neutral or correlation-weighted dispersion been well hedged through a correlation
swap? Neither. Then what is the optimal weight of correlation swap and dispersion trade so that they hedge each

other well? We will show this by performing a back-test, in the next section.

BACK TEST

A back-test is to test a strategy under historical market conditions, to see how well it would have performed
in the past. We cannot conclude that the strategy that worked well will work as well in the future or vice versa, but a
back-test can give us a good idea of the performance of the strategy under various market conditions. Thus, we
conduct a back test with the same strategy before with correlation swap and dispersion trade for the maturity of 9

months and repeat the strategy over from October 2002 until July 2008.

ASSUMPTIONS

To simplify the analysis, | have posed some assumptions.

1. The components of the Eurostoxx is consistent during the analysis: In reality, the components of the Index

changes when there is a corporate action
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2. The weight of the components in the Eurostoxx didn’t change: In reality, index weights vary over time
because of changes in market capitalization. Thus, in theory, investors would need to dynamically re-

adjust their single stocks variance swap positions.

VOLATILITY VS. CORRELATION

We can see that the weighted realised variance and correlation have a positive relationship. As | have explained

before, variance and correlation tend to increase when the market conditions are not good.

Correlation vs. Volatility
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As we can see from the relationship driven from dirty correlation, Za)ioi x\/; =0, , they tend to have a non-
i=1
linear relation. It is clearly demonstrated in the graph below.

Volatility vs. Correlation
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FAIR STRIKE OF CORRELATION SWAP

Since it is difficult to deduce the fair strike of the correlation swap, in accordance with the first paper in the

reference, | apply the fact that it is historically 10 points below the implied correlation of the dispersion trade.

Moreover, intuitively the fair strike should lie between the historical correlation of the past period and the implied

correlation at the time of valuation. We can see that not all the time this is true, since until now the strike has

depended more on the supply and demand for the traders. Thus, for the period the realised correlation is above the

implied correlation, | take the strike as 5 points below the realised level. The following is the graph to demonstrate

this. Thus, Fair strike

Max {Implied correlation — 0.1, Realised correlation — 0.05}

Real Corr < Fair Strike < Implied Corr
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PAYOFF OF DISPERSION TRADE

We can see that on both vega-neutral and correlation-weighted index variance is indeed trading rich

relative to the variance of the components. Therefore the when the index variance has a positive return, it is

greater than the loss on the components, and when it has a negative return , it is smaller than the gain on the

components, thus leaving us with a positive carry globally. From the period between the maturities December 2006

and February 2007, we see that both the loss and gain on both legs are very small thus leaves us with a loss in the

sum of both legs, but the loss is smaller than 1% of the vega notional. Thus, we can say that Dispersion trade is

the “profit driver” in our strategy

Dispersion Trade (Vega-Neutral) = Index Leg + Basket Leg
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DISPERSION TRADE

VEGA-NEUTRAL VS. CORRELATION-WEIGHTED

Here, we compare the vega-neutral dispersion trade with correlation-weighted trade. We can see that indeed the

correlation weighted strategy is more sensitive to the level of realised correlation. On the other hand, we see in the

neutral strategy shows

the vega-

’

beginning and the end of the analysis that given the similar level of correlation

more sensitivity towards the level of weighted variance.

Correlation vs. Volatility
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CORRELATION-WEIGHTED DISPERSION TRADE: THEORETICAL PAYOFF

We can also compare the actual payoff with the theoretical payoff we have computed before.
2
Z W,0; (pK -pP )

We see that it has some errors, but the average error over the 6 years where | performed the back test was less
than 0.6%.

Dispersion Trade (Correlation-Weighted): Theoretical Payoff vs. Actual Payoff
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HEDGING STRATEGY

So | am trying to find an optimal weight of correlation swap and dispersion trade that will enable the
correlation swap to act as a hedge to the dispersion trade i.e. it will protect the dispersion trade in case of a
correlation spike. In particular, here we take the correlation-weighted dispersion trade to have maximum exposure
on correlation and minimum exposure on the level of volatility. And we suppose that the theoretical payoff has a
small error. In fact, this would not be wrong since from above we know that the error is less than 0.6%. If we set
« as the weight we put on, the theoretical payoff of the strategy at maturity would be

2

N
! Z a)io-i (pimpli - preal )
i=1

2K,

CorrelSwap + a x Disp = (p,,,, — K)+ ax

2

N
= (preal = Pimpii 0'1)+ ax 211<1 ;wiai (pimpli - preal) "

Y wo, | —1[+0.1

I i=1

= (pimpli _preal)x a X
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From this equation, only p, . and K, are known on the strike date and the realised volatility and realised

correlation are stochastic. Thus, we want a constant payoff whatever the realised values are at maturity. | take
2

N
! za)iai —1=0 thus whatever the realised correlation is the payoff would be 0.1.
i=1

2K

the o that makes ¢ x
I

Since it still contains a stochastic volatility term, | assume that implied volatility is a good approximation of the

future volatility. Thus, ¢ = szhere the volatility is implied and we can rewrite it as

N
Z 0,0,
i=1

Nominal of Correlation Swap : Nominal of dispersion Trade =1: a

where ¢ = L

N 2
Z@-Ki
i=1

Below is the back-test of the strategy with the new weight. We see that the average return has not been
compromised; it has even increased by 0.1%. The volatility of return has decreased by 32% from the previous

volatility, thus resulting in a big increase in the risk-return rate.

Average Return 2.6% 2.7%
Volatility of Return 1.29% 0.88%
Risk-Return Rate 2.03 3.06

We see that in the area colored light-blue we have a negative-payoff, but it is not more than 0.5%. This is the
period where the realised correlation was greater than the implied correlation so we took ‘realised correlation —

0.05’ as the strike. But in the hedging weight, we did not take this into account.

Dispersion Trade : Unhedged vs. Hedged
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TAILORING TO FIT THE RISK-PREFERENCE

Before, the purpose was to hedge the payoff of the dispersion trade, meaning less downside and at the same time
less upside. However, there is always a trade-off between return and risk. If we want to go for more return then we
have to bear more risk. In one word, it is the investor who had to choose how much risk he or she is willing to take
for the return. The graph below shows the P&L of the total position with various flat weights on the nominal

between the correlation swap and the dispersion trade (correlation weighted in particular).

Total Position with Disp Trade (Correlation-Weighted)
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Below is the average annualized return and volatility of the return of the strategy under the market condition of past
6 years. Also, the risk-return rate, simply the return divided by the volatility is shown below. The last two figures are
to compare how effective the strategy performed taking into account the risk it was bearing. We see that as we put
more weight on the dispersion trade, the average return decreases even if not by a great amount. However, the
volatility of return decreases by a great amount, thus leaving us with a non-decreasing risk-return ratio. In fact, the

risk-return ration increases until the weight of 1:6 and then it slightly decreases after. Thus, if we want to maximize

the risk-return ratio the weight ‘1:6’ would be optimal.

262% 276% 271% 269% 267% 267% 266% 2.65%
1.29%  2.40% 1.46% 1.09% 093% 088% 087%  0.89%
2.03 1.15 1.85 2.48 2.87 3.02 3.04 2.99
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Microsoft Excel - correl strat.xls =18 =
File Edit Wew Insert Format Tools Data  Window Help  Pricing Type a question for help [+ 2 & X
NEEESRY L R 0 o @ 2-4 1|l - 7w -0 - BIBGEU EEZE B %, B4 EE B2 A-,
[ Chart size... Select Colour Scheme * Select Colour = B2 Copy chart .

& Si container @ S# Graph | ¥ conkainers list » | Refresh container | Delete container ‘ﬂCreate user histatic | Create user basket » @ Input Farrnat @ Shivay Help | gk Instr. Browser SXTooIbar corfig
Q Funiction Parameters | £ Registered Function List f Execute Selection 7/ Execute ALL 7{)( Halt Execution | [ Calculate Selected Range(s) _
14 - e
A B D E | F | G | H L] 3
long Dispersion Trade
1 an Con S Today 13-Aug08 J
2 Strike Date 13-Mar-08 Correlation Strike 520
3 | Maturity date 15-Dec-08 Number of Stocks a0
4_ 31-Jul-08 Nominal 10 000 000 I .I
]
B
7 | Actual Weight | Weight Stocks and Indice Vol Strike | Variance Cap |
B Crédt Agricole 0.8480 % 0.85% B9 %47 Press to Update
9] Aegon 0.8565 % 0.86% 42,48 12,68
10 Air Liquide 0.9728 % 0.87% 2893 523
11| Alcatel-Lucent 0.6393 % 0.64% 50,29 158.06
12| Allianz 2.8864 % 2.89% 3560 79.19
13| BASF 2.0405 % 2.04% 2824 4985
14| Bayer 1.8939 % 1.89% 3355 7035
18] BEWA 2 6643 % 2 BE% 3.4 G167
16| Graupe Danone 1.2043 % 1.20% 2973 55.23
17 BMNP Paribas 2.7738 % 277% 37.51 87.95
18 Carrefour 1.1118 % 1.1% 29.55 5457
19 AXAZ22919 % 2.29% 38.93 94,72
20 Dairnler AG 3.2084 % 3.21% 34.51 74.44
21 Deutsche Birse 0.9305 % 0.93% 4222 11.41
22 Deutsche Bank 1.8585 % 1.86% 34.63 74.94
23 Vinci 1.0935 % 1.09% 36.55 83.51
24 Deutsche Telekom 1.8084 % 1.81% 2875 51.64
2 EMNEL 1.4645 % 1.46% 2396 35.89
2 Eni 2.6204 % 262% 617 42.80
27 E.ON 37418 % 374% 2742 46.99
28 Fortis 2.1084 % 21% 40.31 101.55
24 Total 5.A 53141 % 5.31% 2740 46.92
30 France Télécom 2.0645 % 2.06% 29.08 52.85
3 Assicurazioni Generali 1.6821 % 1.68% 2518 3B/
32 Société Genérale 22123 % 221% 4220 1M11.3
33 Iberdrola 1.8598 % 1.86% 30.87 5955
34 ING Group 2.8442 % 2.84% 39.94 99,72
35| Intesa Sanpaolo 2.0427 % 2.04% 2752 47 67
36 | LhiH 0.9663 % 0.897% J2.26 £5.03
a7 | Arcelorhittal 1.8905 % 1.89% 42 67 1377
38 | tunich Re 1.2433 % 1.24% 29.06 5279
39 | Mokia 4 65212 % 4 B2% 4235 12,12
40 L'Diréal 0.9310 % 0.93% 3064 5869
4 Philips 1.3128 % 1.31% 31.25 51.02
42 Repsal YPF 0.9028 % 0.90% 33.04 53.23
A3 Fanaylt [1 9404 % 194 h 4 114 hd
NN W, return ¢ average return f cov { pairwis v implied vol  implied var  § vol 1M wol 3M  vol 6M f wol 9M 4§ parameters J ﬂjJJ

37 Yujin Chloe Choi



LYXOR

APPENDIX B

Option Explicit price.GetTradeHistoricEx rgAdapterin, rgAdapterOut, params

'define parameters
Sub GetTradeHisto_Click() Dim Nbre_stocks As Integer
Dim Nbre_dates As Integer
Sheet1.Calculate
Dim i As Integer

If Sheet1.Cells(3, 5).Value > Sheet1.Cells(3, 10).Value Then Dim j As Integer
Sheet1.Cells(3, 5) = Sheet1.Cells(3, 10).Value Dim k As Integer
End If
Sheet2.Activate
Dim Answer As String 'detect corporate actions

Fori=1 To Nbre_stocks
If IsEmpty(Sheet2.Cells(2, i + 1)) = True Then

""download spot Answer = MsgBox("An error has occurred. Perhaps there has
Dim price As New SXPricesHistoric been a corporate action. Continue?", vbYesNo)
Dim rgAdapterin As New RangeAdapter, rgAdapterOut As New If Answer <> vbYes Then Exit Sub
RangeAdapter End If
Next i
Dim params As New SXTradeHistoricParams
Nbre_dates =
With params Application.WorksheetFunction.Count(Sheet2.Columns("A:A"))
.AllowExternalSource = SXTrue Nbre_stocks = Sheet1.Range(Sheet1.Range("Ric"),
.CodeType = SXAuto Sheet1.Range("Ric").End(xIDown)).Rows.Count - 2
.CompositionDatelfBasket = Date
.PriceType = SXPriceClose Sheet1.Cells(3, 7) = Nbre_stocks
.ProlongPercentlfBasket = 0
.RefCurrency = SXCurr_NONE 'fill empty cells
.UseProlonglfBasket = SXFalse Fori=1 To Nbre_stocks
If IsEmpty(Sheet2.Cells(Nbre_dates + 1, i + 1)) = True Then
With .HistoricParams Sheet2.Cells(Nbre_dates + 1, i + 1) = Sheet2.Cells(Nbre_dates, i
.fromDate = Sheet1.Range("DATE_FROM").Value +1)
.toDate = Sheet1.Range("DATE_TQ").Value End If
.HolePolicy = SX_LeaveHoles Next i
.ShowHeaders = SXTrue
.NbltemsToFill = 20
End With ""calculate log returp™"
End With Sheet3.Activate
Fori=0 To Nbre_stocks
Set rgAdapterin.xIRange = Sheet1.Range(Sheet1.Range("Ric2"), Forj=0 To Nbre_dates - 2
Sheet1.Range("Ric2").End(xIDown)) If Sheet2.Cells(Nbre_dates - j, 2 + i) = Sheet2.Cells(Nbre_dates +
Set rgAdapterOut.xIRange = Sheet5.Range("G25") 1-j,2+i)Then
Sheet3.Cells(Nbre_dates -j, 2 +i)=""
price.GetTradeHistoricEx rgAdapterin, rgAdapterOut, params Else
Sheet3.Cells(Nbre_dates + 1 -j, 2 +i) =
With params.HistoricParams Application.WorksheetFunction.Ln(Sheet2.Cells(Nbre_dates - j, 2 +
.AlignedDisplayDetails = SXTrue i).Value / Sheet2.Cells(Nbre_dates + 1 - j, 2 + i).Value)
.AlignedHistorics = SXTrue End If
.NbltemsToFill = 20 Next j
.HolePolicy = SX_FillHoles Next i
End With
‘align
Set rgAdapterOut.xIRange = Sheet2.Range("A1") Sheet3.Activate
Sheet3.Cells.Select
price.GetTradeHistoricEx rgAdapterin, rgAdapterOut, params Selection.Columns.AutoFit
With Selection
With params.HistoricParams .HorizontalAlignment = xICenter
.fromDate = Sheet1.Range("DATE_FROM").Value End With

.toDate = Sheet1.Range("DATE_TQ").Value
.DisplayOnlyValue = SXTrue calculate average log return
.NbltemsToFill = 20 Sheet4.Activate

End With

Fori=0 To Nbre_stocks
Set rgAdapterin.xIRange = Sheet1.Range("UDL_NAME") Forj=0 To Nbre_dates - 2
Set rgAdapterOut.xIRange = Range("L134")

38 Yujin Chloe Choi



LYXOR

Sheet4.Cells(Nbre_dates + 1 -j, 2 +i) =
Application.WorksheetFunction.Average(Sheet3.Range(Sheet3.Cells(N
bre_dates + 1 - j, 2 + i), Sheet3.Cells(Nbre_dates + 1, 2 + i)))

Next j
Next i

calculate return2
Sheet10.Activate

Fori=0 To Nbre_stocks
Forj=0 To Nbre_dates - 2
If Sheet2.Cells(Nbre_dates - j, 2 + i) = Sheet2.Cells(Nbre_dates +
1-j,2+i)Then
Sheet10.Cells(Nbre_dates -j, 2 +i)=""
Else
Sheet10.Cells(Nbre_dates + 1-j,2 +i) =
Sheet3.Cells(Nbre_dates + 1-j,2 +i)" 2
End If
Next j
Next i

calculate FRVA2 and realised var
'realised vol = average(rdt"2) * 252

Fori=0 To Nbre_stocks
Forj=0 To Nbre_dates - 2
Sheet9.Cells(Nbre_dates + 1 -j, 2 +i) =
Application.WorksheetFunction.Average(Sheet10.Range(Sheet10.Cells
(Nbre_dates + 1, 2 + i), Sheet10.Cells(Nbre_dates + 1 - j, 2 +i))) * 252
Next j
Next i

covV'
' log return - average spot
Sheet6.Activate

Fori=0 To Nbre_stocks
Forj=0 To Nbre_dates - 2
If Sheet3.Cells(Nbre_dates + 1-j,2+i)=""Then
Sheet6.Cells(Nbre_dates + 1-j,2 +i) = -
Sheet4.Cells(Nbre_dates + 1 -j, 2 + i)
Else
Sheet6.Cells(Nbre_dates + 1 - j, 2 + i) = Sheet3.Cells(Nbre_dates
+1-j,2+i) - Sheet4.Cells(Nbre_dates + 1 -j, 2 + )
End If
Next j
Next i

pairwise correlation
Dim Nbre_comb As Integer

Nbre_comb = Nbre_stocks * (Nbre_stocks - 1)
Dim m As Integer

Dim n As Integer

Dim Sum_cov As Double

Dim Sum_var As Double

Dim product As Double

Dim product1 As Double

Dim product2 As Double

Dim Sum_product1 As Double

Dim Sum_product2 As Double

*0.5

Sheet7.Activate

k=1
'Fori=1 To Nbre_stocks - 1

For m =1 To Nbre_stocks - i

! Sheet7.Cells(1 + k, 1) = Sheet6.Cells(1, 1 +i).Value & " vs. " &
Sheet6.Cells(1, 1 + i).Offset(0, m).Value

! Forn =1 To Nbre_dates - 2

! product1 =0

! product2 = 0

! Sum_product1 =0

! Sum_product2 =0

! Sum_var =0

! Sum_cov =0

! Forj=0Ton

! product = Sheet6.Cells(Nbre_dates + 1 -j, 1 +i) *
Sheet6.Cells(Nbre_dates + 1 - j, 1 +i).Offset(0, m)

! product1 = (Sheet6.Cells(Nbre_dates + 1 -j, 1 +i)) * 2
! product2 = (Sheet6.Cells(Nbre_dates + 1 - j, 1 + i).Offset(0,
m)) A 2

! Sum_cov = Sum_cov + product

! Sum_product1 = Sum_product1 + product1

! Sum_product2 = Sum_product2 + product2

! Next j

! Sheet7.Cells(1 + k, Nbre_dates + 2 - j) = Sum_cov /
Sqr(Sum_product1) / Sqr(Sum_product2)

Next n
k=k+1

Next m
'Next i

L P——————— i

"'page results-P&

"realized part™————I"
Sheet8.Activate

'average correlation for corr swap
Sheet19.Cells(1, 2) = "Average Pairwise Corr"

Fori=1 To Nbre_dates - 2

Sheet19.Cells(2 + i, 2) =
(Application.WorksheetFunction.Average(Sheet7.Range(Sheet7.Cells(2,
2 +1i), Sheet7.Cells(Nbre_comb + 1, 2 +i)))) - Sheet1.Cells(2, 8).Value /
100 ™ (Sheet8.Cells(2 + i, 1) - Sheet1.Cells(2, 5)) / (Sheet1.Cells(3, 10)
- Sheet1.Cells(1, 10))
Next i

"P&L of Corr Swap
Sheet8.Cells(1, 2) = "P&L (CS)"

Fori=1 To Nbre_dates - 2

Sheet8.Cells(2 + i, 2) = Sheet19.Cells(2 + i, 2) - Sheet1.Cells(2,
7).Value / 100
Next i

""Carry of Dispersion
'(realised var - (vol/100)2 ) / (2 * vol strike /100) * time elapsed
Sheet16.Activate

Forj=1 To Nbre_dates - 1
Fori=1 To Nbre_stocks
Sheet16.Cells(2 + j, i + 1) = (Sheet9.Cells(2 +j,i + 1) -
(Sheet1.Cells(7 +i, 5) / 100) * 2) / (2 * Sheet1.Cells(7 + i, 5) / 100) '_
"* (Sheet12.Cells(2 + j, 1) - Sheet1.Cells(1, 10)) /
(Sheet1.Cells(3, 10) - Sheet1.Cells(1, 10))
Next i
Sheet16.Cells(2 + j, Nbre_stocks + 2) = (-Sheet9.Cells(2 + j,
Nbre_stocks + 2) + (Sheet1.Cells(7 +i, 5)/ 100) * 2) / (2 *
Sheet1.Cells(7 + i, 5) / 100) '_
"* (Sheet12.Cells(2 + j, 1) - Sheet1.Cells(1, 10)) /
(Sheet1.Cells(3, 10) - Sheet1.Cells(1, 10))
Next j

"to calculate sumproduct after

Sheet1.Range(Cells(8, 3), Cells(7 + Nbre_stocks, 3)).Copy
Sheet5.Range("C3").PasteSpecial Paste:=xIPasteAll,
Operation:=xINone, SkipBlanks:= _
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False, Transpose:=True
'to calculate correlation
Fori=0 To Nbre_stocks - 1

Sheet5.Cells(4, 3 + i) = Sheet5.Cells(3, 3 +i) * 2
Next i
"carry of dispersion"™"
Sheet8.Activate

‘weighted carry
Sheet8.Cells(1, 3)
Sheet8.Cells(1, 4)

="P&L (DT - basket)"
="P&L (DT - index)"
Fori=1 To Nbre_dates - 1
Sheet8.Cells(2 + i, 3) =

Application.WorksheetFunction.SumProduct(Sheet5.Range(Sheet5.Cell

s(3, 3), Sheet5.Cells(3, Nbre_stocks + 2)), _

Sheet16.Range(Sheet16.Cells(2 + i, 2), Sheet16.Cells(2

+ i, Nbre_stocks + 1)))
Sheet8.Cells(2 + i, 4) = Sheet16.Cells(2 + i, Nbre_stocks + 2)
Next i

'realized part
Sheet8.Cells(1, 5) = "P&L (DT)"

Fori=1 To Nbre_dates - 1

Sheet8.Cells(2 + i, 5) = Sheet8.Cells(2 + i, 3) + Sheet8.Cells(2 + i, 4)

Next i

"P&L of total position
Sheet8.Cells(1, 6) = "P&L (Total)"

Fori=1 To Nbre_dates - 2

Sheet8.Cells(2 + i, 6) = Sheet8.Cells(2 + i, 2) + Sheet8.Cells(2 + i, 5)

Next i

correlation
"'realised vol - to calculate realised corr
Sheet17.Activate

Forj=1 To Nbre_dates - 1
Fori=1 To Nbre_stocks + 1
Sheet17.Cells(2 +j, i + 1) = Sqr(Sheet9.Cells(2 +j, i + 1))
Next i
Next j

average realised volatility
Sheet19.Activate

Sheet19.Cells(1, 9) = "Average Realised Volatility"

Fori=2 To Nbre_dates
Sheet19.Cells(1 +1i, 9) =

Application.WorksheetFunction.Average(Sheet17.Range(Sheet17.Cells

(1 +1, 2), Sheet17.Cells(1 + i, 1 + Nbre_stocks)))
Next i

"'Dirty realised Correlation
Sheet19.Activate
Sheet19.Cells(1, 3) = "Dirty Realised Corr"

Fori=1 To Nbre_dates - 1
Sheet19.Cells(2 + i, 3) = Sheet9.Cells(2 + i, Nbre_stocks + 2) /
Application.WorksheetFunction.SumProduct _
(Sheet5.Range(Sheet5.Cells(3, 3), Sheet5.Cells(3,
Nbre_stocks + 2)), _
Sheet17.Range(Sheet17.Cells(2 + i, 2),
Sheet17.Cells(2 + i, Nbre_stocks + 1))) * 2
Next i
"clean realised correlation
Sheet19.Cells(1, 4) = "Clean Realised Corr"

Fori=1 To Nbre_dates - 1
Sheet19.Cells(2 + i, 4) = (Sheet9.Cells(2 + i, Nbre_stocks + 2) -
Application.WorksheetFunction.SumProduct _
(Sheet5.Range(Sheet5.Cells(4, 3), Sheet5.Cells(4,
Nbre_stocks + 2)), _
Sheet9.Range(Sheet9.Cells(2 + i, 2), Sheet9.Cells(2
+ i, Nbre_stocks + 1)))) _
/ (Application.WorksheetFunction.SumProduct _
(Sheet5.Range(Sheet5.Cells(3, 3), Sheet5.Cells(3,
Nbre_stocks + 2)), _
Sheet17.Range(Sheet17.Cells(2 + i, 2),
Sheet17.Cells(2 + i, Nbre_stocks + 1))) * 2 _
- Application.WorksheetFunction.SumProduct _
(Sheet5.Range(Sheet5.Cells(4, 3), Sheet5.Cells(4,
Nbre_stocks + 2)), _
Sheet9.Range(Sheet9.Cells(2 + i, 2), Sheet9.Cells(2
+ i, Nbre_stocks + 1))))
Next i

"fill holes in implied volatility
"1IM
Sheet12.Activate

Forj=1 To Nbre_stocks + 1
Fori=1 To Nbre_dates
If IsEmpty(Sheet12.Cells(Nbre_dates + 1 - i, 1 +j)) = True Then
Sheet12.Cells(Nbre_dates + 1 -i, 1 +j) =
Sheet12.Cells(Nbre_dates + 2 - i, 1 +)
End If
Next i
Next j

'3M
Sheet13.Activate

Forj=1 To Nbre_stocks + 1
Fori=1 To Nbre_dates
If IsEmpty(Sheet13.Cells(Nbre_dates + 1 - i, 1 +j)) = True Then
Sheet13.Cells(Nbre_dates + 1 -i, 1 +j) =
Sheet13.Cells(Nbre_dates + 2 - i, 1 + )
End If
Next i
Next j

'6M
Sheet14.Activate

Forj=1 To Nbre_stocks + 1
Fori=1 To Nbre_dates
If IsEmpty(Sheet14.Cells(Nbre_dates + 1 - i, 1 +j)) = True Then
Sheet14.Cells(Nbre_dates + 1 -i, 1 +j) =
Sheet14.Cells(Nbre_dates + 2 - i, 1 + )
End If
Next i
Next j

'OM
Sheet15.Activate

Forj=1 To Nbre_stocks + 1
Fori=1 To Nbre_dates
If IsSEmpty(Sheet15.Cells(Nbre_dates + 1 -i, 1 +j)) = True Then
Sheet15.Cells(Nbre_dates + 1 -i, 1 +j) =
Sheet15.Cells(Nbre_dates + 2 -i, 1 +j)
End If
Next i
Next j
" "implied volatility
Sheet20.Activate

Fori=0 To Nbre_dates - 1
Forj=1 To Nbre_stocks + 1

If Sheet20.Cells(Nbre_dates + 1 - i, 1).Value <=
Sheet1.[maturity].Value - 273 Then
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Sheet20.Cells(Nbre_dates + 1 -i, 1 +j) =
Sheet15.Cells(Nbre_dates + 1-i, 1 +j)/ 100

Elself Sheet20.Cells(Nbre_dates + 1 - i, 1).Value >
Sheet1.[maturity].Value - 273 And _
Sheet20.Cells(Nbre_dates + 1 - i, 1).Value <=
Sheet1.[maturity].Value - 182 Then
Sheet20.Cells(Nbre_dates + 1 -i, 1 +j) =
(Sheet14.Cells(Nbre_dates + 1 -i, 1 +j) + _
(Sheet15.Cells(Nbre_dates + 1 -i, 1 +j) -
Sheet14.Cells(Nbre_dates + 1 -i, 1 +j)) * _
(Sheet1.[maturity] - Sheet20.Cells(Nbre_dates + 1 -,
1).Value - 182) / 91) / 100

Elself Sheet20.Cells(Nbre_dates + 1 - i, 1).Value >
Sheet1.[maturity].Value - 182 And _
Sheet20.Cells(Nbre_dates + 1 - i, 1).Value <=
Sheet1.[maturity].Value - 91 Then
Sheet20.Cells(Nbre_dates + 1 -i, 1 +j) =
(Sheet13.Cells(Nbre_dates + 1 -i, 1 +j) + _
(Sheet14.Cells(Nbre_dates + 1 -i, 1 +j) -
Sheet13.Cells(Nbre_dates + 1 -1i, 1 +j))* _
(Sheet1.[maturity] - Sheet20.Cells(Nbre_dates + 1 -,
1).Value - 91) /91) / 100

Elself Sheet20.Cells(Nbre_dates + 1 - i, 1).Value >
Sheet1.[maturity].Value - 91 And _
Sheet20.Cells(Nbre_dates + 1 - i, 1).Value <=
Sheet1.[maturity].Value - 30 Then
Sheet20.Cells(Nbre_dates + 1 -i, 1 +j) =
(Sheet12.Cells(Nbre_dates + 1 -i, 1 +j) + _
(Sheet13.Cells(Nbre_dates + 1 -i, 1 +j) -
Sheet12.Cells(Nbre_dates + 1 -1i, 1 +j)) * _
(Sheet1.[maturity] - Sheet20.Cells(Nbre_dates + 1 -,
1).Value - 91) / 61) / 100

Elself Sheet20.Cells(Nbre_dates + 1 - i, 1).Value >
Sheet1.[maturity].Value - 30 Then
Sheet20.Cells(Nbre_dates + 1 -i, 1 +j) =
Sheet12.Cells(Nbre_dates + 1 -1i, 1 +j)/ 100

End If

Next j
Next i

implied correlation
"implied var - to calculate implied corr
Sheet21.Activate

Forj=1 To Nbre_dates - 1
Fori=1 To Nbre_stocks + 1
Sheet21.Cells(2 +j, i + 1) = Sheet20.Cells(2 +j,i+ 1) 2
Next i
Next j

"'Dirty Implied Correlation
Sheet19.Activate

Sheet19.Cells(1, 6) = "Dirty Implied Correlation"

Fori=1 To Nbre_dates - 1
Sheet19.Cells(2 + i, 6) = Sheet21.Cells(2 + i, Nbre_stocks + 2) /
(Application.WorksheetFunction.SumProduct _
(Sheet5.Range(Sheet5.Cells(3, 3), Sheet5.Cells(3,
Nbre_stocks + 2)), _
Sheet20.Range(Sheet20.Cells(2 + i, 2),
Sheet20.Cells(2 + i, Nbre_stocks + 1)))) * 2
Next i

"Clean Implied correlation
Sheet19.Cells(1, 7) = "Clean Implied Correlation"

Fori=1 To Nbre_dates - 1
Sheet19.Cells(2 + i, 7) = (Sheet21.Cells(2 + i, Nbre_stocks + 2) -
Application.WorksheetFunction.SumProduct _

(Sheet5.Range(Sheet5.Cells(4, 3), Sheet5.Cells(4,
Nbre_stocks + 2)), _

Sheet21.Range(Sheet21.Cells(2 + i, 2),
Sheet21.Cells(2 + i, Nbre_stocks + 1)))) _

/ (Application.WorksheetFunction.SumProduct _

(Sheet5.Range(Sheet5.Cells(3, 3), Sheet5.Cells(3,
Nbre_stocks + 2)), _

Sheet20.Range(Sheet20.Cells(2 + i, 2),
Sheet20.Cells(2 + i, Nbre_stocks + 1))) * 2 _

- Application.WorksheetFunction.SumProduct _

(Sheet5.Range(Sheet5.Cells(4, 3), Sheet5.Cells(4,
Nbre_stocks + 2)), _

Sheet21.Range(Sheet21.Cells(2 + i, 2),
Sheet21.Cells(2 + i, Nbre_stocks + 1))))
Next i

""DT theoretical value
Sheet8.Activate

Sheet8.Cells(1, 8) = "P&L (DT-Theoretical)"

Fori=2 To Nbre_dates - 1
Sheet8.Cells(1 + i, 8) = Application.WorksheetFunction.SumProduct
(Sheet5.Range(Sheet5.Cells(3, 3), Sheet5.Cells(3,
Nbre_stocks + 2)), _
Sheet17.Range(Sheet17.Cells(2 + i, 2),
Sheet17.Cells(2 + i, Nbre_stocks + 1))) * 2 _
* (Sheet19.Cells(1 + i, 7) - Sheet19.Cells(1 + i, 4)) / (2
* Sheet1.[Ric].Offset(Nbre_stocks + 1, 1) / 100)
Next i

copy MtM from DashBoard
'Sheet8.Cells(1, 3) = "MtM"

'Dim chemin As String
'Dim onglet As String
'Dim Nbre_datesM As Integer

‘onglet = Sheet1.[onglet]
‘chemin = Sheet1.[chemin] & "\" & Sheet1.[fichier]

'Workbooks.Open Filename:=chemin, UpdateLinks:=0, ReadOnly:=1
'Sheets(onglet).Select

'Nbre_datesM = Sheets(onglet).Range(Sheets(onglet).Cells(9, 2),
Sheets(onglet).Cells(9, 2).End(xIDown)).Rows.Count

'Fori=1 To Nbre_dates - 1
' Forj=1To Nbre_datesM
If Sheet8.Cells(i + 1, 1) = Sheets(onglet).Cells(8, 2).Offset(j,
)-Value Then
If IsEmpty(Sheets(onglet).Cells(8, 2).Offset(j, 2)) = True Then
Sheet8.Cells(i + 1,3)=""
Else
Sheet8.Cells(i + 1, 3) = Sheets(onglet).Cells(8, 2).Offset(j,
).Value
End If
End If
Next
'Next i

0
2

'ActiveWorkbook.Close False

"fill blanks

'Fori=1 To Nbre_dates - 1

! If Sheet8.Cells(Nbre_dates, 2).Offset(-i, 0) = 0 Then
! Sheet8.Cells(Nbre_dates, 2).Offset(-i, 0) =
Sheet8.Cells(Nbre_dates, 2).Offset(-i + 1, 0)

! End If

'Next i

'Fori=1 To Nbre_dates - 1

! If Sheet8.Cells(Nbre_dates, 3).Offset(-i, 0) = 0 Then
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! Sheet8.Cells(Nbre_dates, 3).Offset(-i, 0) = 'Sheet8.Cells(1, 7) = "Implied Part" & Chr(10) & "(EUR)"
Sheet8.Cells(Nbre_dates, 3).Offset(-i + 1, 0) !

! End If 'Fori=1 To Nbre_dates - 1

'Next i ' Sheet8.Cells(1 + i, 5) = Sheet8.Cells(1 + i, 2) * Sheet1.Cells(4,
! 8).Value

""calculate implied part™""""" " ' Sheet8.Cells(1 + i, 6) = Sheet8.Cells(1 + i, 3) * Sheet1.Cells(4,
'Sheet8.Cells(1, 4) = "Implied Part" 8).Value

! ' Sheet8.Cells(1 + i, 7) = Sheet8.Cells(1 + i, 4) * Sheet1.Cells(4,
'Fori=1 To Nbre_dates - 1 8).Value

' Sheet8.Cells(i + 1, 4) = Sheet8.Cells(i + 1, 3) - Sheet8.Cells(i + 1, 2) 'Nexti

'Next i !

! End Sub

realized part, MtM, implied part in Euros
'Sheet8.Cells(1, 5) = "Realized Part" & Chr(10) & "(EUR)"
'Sheet8.Cells(1, 6) = "MtM" & Chr(10) & "(EUR)"
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