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J Munich ...

... the capital of Bavaria 2 o

... Germany's third-largest city (1.4 mn in the city, 2.6 mn in urban area)

... founded in 1158

What else comes into your mind
when you think of Munich?
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Munich ...
... IS continuously ranked among the world’s most livable cities
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Munich ...
... home of the TUM
More than 100,000 young people are studying in Munich.

Munich is home of two (of the three) first national
“Excellence Universities™

- Ludwig Maximilian Universitéat (45,000 students) and

- Technische Universitat Minchen (26,000 students)

TUM was founded in 1868.
TUM has 461 professors in 13 departments.

The Department of Mathematics (located in
Garching) is divided into 15 chairs.

Approx. 1,000 students are enrolled in
mathematical programs.
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Munich and the TUM
The Chair of Mathematical Finance

Founded in 2001 as the HVB Institute for Mathematical Finance.
Chair at the Department of Mathematics of the TUM since 2011.
Strong cooperation with numerous renowned companies.

Currently 4 full-employed professors and lecturers and 11 PhD
students.

So far, supervised more than 250 Bachelor, Master, and Diploma students, many of
which have been awarded with renowned prices.

The RiskFactory in our new offices in Garching-Hochbrtick enables students to get a
hands-on experience in real-time trading.
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Munich and the TUM
The Chair of Mathematical Finance




Mathematical Finance
and Actuarial Science
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Mathematical Finance and Actuarial Science
Master Program at a Glance

Beginning - Winter semester (recommended) or summer semester
Duration - 4 semesters

Language - English (most courses) and German

Main Focus - Mathematical Finance or Actuarial Science

Economics

Minor Subject

Final Degree Master of Science (M.Sc.)

Remark: The winter semester starts on October 1 while the summer semester
starts on April 1.
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Mathematical Finance and Actuarial Science
Admission to the Master Program

General Requirement

General Link

Application Documents

Application Deadlines

German Certificate

Admission

- Bachelor in Mathematics, Physics or equivalent
degree programs

- http://www.ma.tum.de/Studium/EfV_MSc

- http://www.ma.tum.de/Studium/Unterlagen

- May 31 for the winter semester
December 31 for the summer semester

- http://lwww.ma.tum.de/Studium/MScFAQ

- based on interview with Admission Committee
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Mathematical Finance and Actuarial Science
Curriculum of the Master Program

J

8
0
()

=

T
)
—
(7]
)
=

13

S8INISIaAIUN JBY10 WOl

SOIWLIOU0DT

S8INISIaAIUN JBY10 WOl

sonewssyren

sonsnels

32U319S [elen)oy

aoueUld [ednewayren




LT

Mathematical Finance and Actuarial Science
Courses for the Master Program

Discrete Time Finance
Continuous Time Finance
Fixed Income Markets
Portfolio Analysis

Credit Derivatives

Quantitative Risk Management

Actuarial Risk Theory
Life Insurance
Non-Life Insurance
Health Insurance
Pension Insurance

Generalized Linear Models
Time Series Analysis
Computational Statistics
Linear Models

Multivariate Statistics

Functional Analysis

Partial Differential Equations
Discrete Optimization
Nonlinear Optimization

Corporate Finance

Derivatives

Asset Management

Risk Management and Banking

14
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Mathematical Finance and Actuarial Science
Contact Information

Study Consultant

PD. Dr. Aleksey Min

E-Mail: min@tum.de
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Finance and
Information Management
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Elite Graduate Program “Finance and Information Man

Exclusive Benefits

Individual Mentoring

Small class size

Interdisciplinary work environment
International research

Business experience

Soft-Skills

1 Rank by CHE

2 Universities

5 Disciplines

5 Faculties
10 Business Partners
25 Students a year

agement”
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Elite Graduate Program “Finance and Information Man  agement”
FIM ranked 15t by CHE Master Ranking 2009

T

=
finance and lNh

information

in cooperation with Knivcbrsitéit
WEUER AL DIE ZEIT and Handelsblatt Urercroisy

FIM ranked 1t among the top universities

in Master Ranking for Business Administration by the Center for Development of
Universities (CHE).

FIM ranked 1%t in the five most important criteria
“Practice relevance”, “Importance of research”, “Courses offered”,
“Transition to the Master’s program”, “Overall ranking”.
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Elite Graduate Program “Finance and Information Man
Business Partners

agement”
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Elite Graduate Program “Finance and Information Man  agement”

University Partners

-

Ryerson University

=

University of Reading

University of Piraeus

University of Toronto

University of Waterloo

University of Calgary

Univ. Autbnoma de Madrid

~
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Elite Graduate Program “Finance and Information Man
Curriculum

agement”
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Elite Graduate Program “Finance and Information Man  agement

Selected Courses

Continuous Time Finance
Credit Derivatives

Investment Strategies

Fixed Income Markets

Seminar in Quantitative Finance

Internet-Based Business Systems
Investment Risk Management
IT-Portfolio Management

Pricing & Analytics

Applied Econometrics

Integrated Risk & Return Management
Discrete Time Finance

Corporate Finance

Operations Management

Methods for Quantitative Finance

Introduction in Finance, Operations & Information
Management

Capital Investment & Finance
Business & Information Systems Engineering
Stochastic Processes
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Elite Graduate Program “Finance and Information Man

Admission Criteria

Bachelor's degree in the fields of

Business sciences

(Financial) mathematics
Computer science

Information systems engineering

Related disciplines

Personal requirements

Excellent academic results
Interdisciplinary interests
Practical experience
Social involvement

Language competencies

agement”

23




LT

Elite Graduate Program “Finance and Information Man  agement”
Contact Information

Daniela Selch

Technische Universitat Minchen
Department of Mathematics
Chair of Mathematical Finance
(Prof. Dr. R. Zagst)

Phone: +49 89 289-17405
selch@tum.de

Anna-Luisa Muller

Department of Information Systems Engineering
& Financial Management

(Prof. Dr. H. U. Buhl)

University of Augsburg

Phone: +49 821 598-4883
anna-luisa.mueller@wiwi.uni-augsburg.de

Web appearance: www.tum.de/fim




Examples of Current
Research Projects

General Overview
Pricing of CDOs
Certificates

Other Projects
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Examples of Current Research Projects
Research at the Chair of Mathematical Finance
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Examples of Current
Research Projects

General Overview
Pricing of CDOs
Certificates

Other Projects
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Examples of Current Research Projects
Pricing of CDOs under changing market conditions

SCHLOESSER A. and R. ZAGST (2010):

The Crash-NIG-Factor Copula Model:

Regime-Switching Credit Portfolio Modeling through the Crisis,
Working Paper, submitted to Journal of Credit Risk

SCHLOESSER A. and R. ZAGST (2011):

The Crash-NIG-Factor Copula Model: Risk Management  of Credit
Portfolios,

Journal of Risk Management in Financial Institutions,

Vol. 4, No. 4, accepted for Publication
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

We want to price the tranche j of a CDO that takes losses from the lower
attachment point |, to the upper attachment point u;.

The annualized spread for tranche j is denoted by s; and the constant interest
rate is denoted by r.

Given the relative portfolio loss L(t), the loss affecting the tranche j is given by
L,(t) =min{max {0,L{t)- I, },u; - 1|}, t1 [0,T].

For tranche j the remaining nominal is given by u;— l;— Ly(t), tl [0,T].

The expected discounted premium (PL) and default leg (DL) are given by

n

PL =s,;x e oot {u -1 - L (t)])
k=1

and

DL, = n e'”‘kx( L, (t,)]- [Lj(tk_l)])

k=1

Atissuance, the spread s; is fixed so that PL; = DL, .

34
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Expected loss:
Let F(t,x) denote the distribution function of the relative portfolio loss and R
the recovery rate. Then, the expected loss of tranche j is given by

1

[Lj(tk)] = min{(1- R)xx,uj}- min{(1- R)xx,l.} dF(t,x)
Ol 1
= (1 R)>x- 1, dF(t,x) - (1 R)>X - u; dF(t,x)
1 1
= (1- R)x x-—dF(t X) - x-—dF(t X)
R0=0,IJQ:=1_|—j udi=gk
Problem I:

Derivation of the distribution function of the relative portfolio loss.

35
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

One-factor copula model:
Standardized asset return up to time t of the i-th issuer in the portfolio:

Alt)=a ><1\/I(t)"'\/ﬁxxi(t)

M(t) and Xi(t), i=1,...,m, independent random variables for m credit instruments.

Known distribution functions: F,,(t,-) of M(t), Fy(t,-) of Xi(t), and F,(t,-) of A(t).
The variable A(t) is mapped to default time t; of the i-th issuer using a
percentile-to-percentile transformation, i.e. the issuer i defaults before time t
when

A1) £FMtQm)=Cft)

Q,(1)=Q(t) (risk-neutral) probability of the issuer i=1,...,m to default before time t.

Q(t) is estimated from the average CDS spread.

36
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Large homogeneous portfolio:

Loss distribution of a large homogeneous portfolio , i.e. identical portfolio
weights, default probability, recovery, and correlation to the market factor, with
the asset returns following the one-factor copula model, is given by

E(x)=1- F, t P 6QM)- V1- @R (X)
a

with xI [0,1] denoting the relative portfolio loss and Q(t) denoting the risk-neutral
default probability of each issuer in the portfolio.

One-factor Gaussian copula model (Vasicek (1987,199 1)):
Gaussian distribution for all factors:

- V1- @ F - FQEM) _ o V1-a’ F (- C)
a

()= .

37
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

One-factor Gaussian copula model (Vasicek (1987,199 1)):
The density of the loss distribution in the one-factor Gaussian copula model

IS given by

— ¢ V1- @ F (- F Q)

_4/1- az) oa
F(tx) = a F &F (%))

38
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Experiment: One-factor Gaussian copula model, 10% default probability,
different correlations.

20 1

@ 30-100%: Senior Tranche
0 10-30%: Mezzanine Tranche 109
O 0-10%: Equity Tranche
O Korrelation

+ 0,8
15

+ 0,7

+ 0,6

10 + 05

{04

+ 0,3

+ 0,2
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Kalemanova, Schmid and Werner (2007):

- Normal Inverse Gaussian (NIG) distribution of factors, i.e. density
of the form

g s & b
P/ + (X - m)?

fuis (X;a’b'md) = >Kl(a x\/dz (X~ n)Z )

with

¥
K (w)=1x e gt

0

denoting the modified Bessel function of the third kind.
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

- Scaling properties:

X~NIG@a,bmd) cx~NIG 2.2.cmexd |
C C

- Stability of convolution for independent X and Y:

X, ~NIG(a,b,n,,d,), X, ~NIG(a,b,m,,d,)
X, + X, ~NIG(a,b,m +m,,d, +d,).

- With

2

NIG :NIG(sm,sm,-sx;%,sxg—Z), g=+a’-b*,

(s)

being assumed to fulfill:

M(t) ~NIG, X(t)~NIG , andtherefore A(t)~NIGy,

2
a
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Calibration of tranches for iTraxx as of 12.04.2006:

- NIG(1) denominating a NIG model with b=0 and therefore with only one
parameter a
- NIG(2) denominating a NIG model with two parameters a and b

- t(n)-t(n) denominating a double-t distribution with n degrees of freedom

42
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Problem II: Tranches have different maturities
Solution: Schldsser and Zagst (2010), Term-struct  ure NIG model

- Scaling factor s, independent increments and N (t) given by

2 3
dN,., () ~NIG sm,sm,-s%dt,s%dt = NIG,(dt), g=+a’- b?,

respectively

bg" .9
N (1) ~NIG s>a,s>0,- sxa—zxt,sxa—ZXt = NIG 4 (t).

- |t is assumed to be true:

M(t)~NIG(1)(t), X (t)~NIG = () andtherefore Ai(t)~NIG(;)(t)

a
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Problem lll:
It is impossible to fit tranches using the identical correlation coefficient:

Solution:
Large Homogeneous Cell (LHC) portfolio model of Desclee et al (2006).

44
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)
Desclee et al (2006):

- Portfolio consists of J rating cells j=1,...,J, each of them containing a
large number of credits with similar properties i.e.

o equal weights for all issuers in one cell,
o equal correlation coefficient a; to the market portfolio for rating cell J,
oequal risk neutral probability of default Q,(t) in cell ]

- The sum of the weights of cells J, denoted by w; is equal to 1.

- Within each rating cell the LHP model is applied.

- Portfolio loss conditional on the realization of the market factor M:

LME)= | @- Ry oy, T20(Qu)- 3 MO

=1 J1-a
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Loss distribution (LHC model):
The distribution of losses of a portfolio with (infinite) large homogeneous cells
(LHC model), and asset returns following a NIG model term structure, is given
by

F;HC (t’ X) =1- FM(t)(L_tl(X))’

with xI [0,1] being the relative portfolio loss. The inverse L, 1(x) needs to be
calculated numerically.
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Calibration of tranches as of 12.04.2006:
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

-~When using a mathematical model careful attention must be
given to uncertainties in the model®

Richard Feynman
US-American physicist and Nobel laureate, 11.05.1918 - 15.02.1988

* Feynman-Platz between Kanalstral3e and LiebherrstralRe, next to the Isartor in Munich

48
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Experiment: One-factor Gaussian copula model, 10% default probability,
different correlations.

20 1

@ 30-100%: Senior Tranche
0 10-30%: Mezzanine Tranche 109
O 0-10%: Equity Tranche
O Korrelation

+ 0,8
15

+ 0,7

+ 0,6

10 + 05

{04

+ 0,3

+ 0,2
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Problem IV: Changing correlations
Solution:  Schlosser and Zagst (2010), Crash-NIG ~ Modell

Two different correlation states with the following conditions:

1. The distribution of the market factor does not depend on the
correlation.

2. The distributions of the factors have an expected value of zero in
both states.

3. The distributions of both factors in different regimes are stable under
convolution.

4. Asset returns have the same distribution in both states
(simple calculation of default hurdle).

Schlésser A. and R. Zagst (2011): “The Crash-NIG-Factor Copula Model: Regime-Switching Credit
Portfolio Modeling through the Crisis”, submitted for publication

Schlésser A. and R. Zagst (2011): “The Crash-NIG-Factor Copula Model: Risk Management of

Credit Portfolios”, Journal of Risk Management in Financial Institutions, accepted for publication
50
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Crash-NIG Model:
The Crash-NIG Modell is given by asset returns till time t of the i-th issuer

in cell j=1,...,J, Ay(t), in the form:
dA,(t) =a xdM(t)+,/1- a2 xdX;(t)

with independent stochastic processes:

1- Ll
———dt
raf o 1- @’ ’

j
a;

dM(t) ~NIG,, (L2 dt), dX,(t)~NIG

where L, a Markov process with state space {1, }, initial distribution p and
transition function {P(h)},., . The distributions of the incremental growth of
the asset returns are given by:

dA,(t)~NIG | (dt).

i
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

In the first correlation regime the variance of all factor changes is dt.

The variance of factor changes in the second regime is

1-I2><aj2
2
j

ar(dM) =1°dt, ar(dX;)= dt.

1-a

The correlation of asset returns of issuer i, from rating cell j; and
Issuer I, from rating cell j, in the second regime is

a; > ar[dM(t)]
dt

ajl ) 2
orrldA,, (t),dA, (1)] = =a, x|,

Generalizations for more than two regimes are easily possible.

There isn’t any analytical expression for the unconditional distributions of the

factors, but an approximation via the moments of the NIG distribution.
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Conditional distributions:

Given the assumptions of the Crash-NIG model andL,=z1 {1, } attime O.
Further, let T*(t):= (TlZ (t), T’ (t))( be the stochastic process of the duration of
a stay in Regime 1 respectively | from a start in regime z at time t=0 up to time
t and 'fz(t) =T/(t)+1° XT?(t). Then the distributions of M(t) and X;(0),
conditional to the realization of T#(t), are NIG-distributed with:

M| TAE)  ~ NIG(T2(t)

t- a7 xT*(t)
jraf  1-a’

a;

X,(t)| T*(t) ~ NIG

The distributions of the asset returns are given by

Alt)~NIG | (t).

a
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Approximation I:
Let the previous assumptions be satisfied. Furthermore,

ML) ~ NIG( [T2()])
t- a?x [T*(t)]
iraf 1- a2

j
a,

X,(t) ~ NIG

Then the first two moments of the distribution of I\7I(t) and )A(ij(t) are consistent
with the first twvo moments of the distribution of M(t) an X;(t).

Besides, the 3@ and 4" moment of the distribution in the approximate model
aren’t higher than the moments of the exact distribution.

In the special case of b=0 the skewness of both distributions is zero.

54




LT

J

Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Approximation Il
Under the assumptions of Approximation | and the LHC, the loss distribution
of a portfolio in the Crash-NIG model given by

LHC — -1
R (t’ X) =1- FNIG(l)( [fZ(t)])(Lt (X))
where xiI [0,1] denotes the relative portfolio loss and

J Fae (Q,()- M)

L(M(t) = (@- Ryw e ey d
j=1 NIG\} ' 1- a:

1- aj2 1- aj2 J

a
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Data:

History of the iTraxx Europe index since starting from 21. June 2004 untill
6. May 2008 (from “Morgan Markets”).

Rating-composition of the portfolio on daily basis (calculated from “Markit”).

Average rating spreads of the iTraxx portfolio components (calculated from
Single-CDS).

Set-up:

Model with three states: the two crises (market turbulences after
downgrades of Ford and General Motors in May 2005 and the subprime
crisis since July 2007) have different characteristics.

Introduction of liquidity indicators |, where r=1,2,3 denotes the current state,
so that the part of the credit spread, which reflects the credit quality

(and therefore, determines the default probability), is exactly | times spread
(the markets for Single-CDS and iTraxx tranches have different liquidities).
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Two-step calibration:
1. Hidden Markov Modell (HMM) is fitted separately with the 5 year iTraxx

index spreads under the assumption of a normal distribution:
- Transition matrix is estimated with the Baum-Welch algorithm.

- Most likely states are estimated with the Viterbi algorithm.

Calibration of the HMM with two states Calibration of the HMM with three states
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Two-step calibration:

2. The other NIG model parameters (a;, | , a and |,) are calibrated by using the
histories of the tranches:

Parameter Crash-NIG model qgne-state model
alpha 0.3274 0.3615
al 0.2562 0.2476
a2 0.5437 0.9607
a3 0.3429 0.4975
a4 0.213 0.3256
ab 0.0828 0.1161
lambda_1 0.2353

lambda_2 1.7443

| 1 0.9679 0.9562
| 2 0.8827

| 3 0.7361

Aver. Error (%) 14.8 23.98
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Pricing of CDOs under changing market conditions
Collateralized Debt Obligations (CDO)

Results of the calibration of the 5-year iTraxx tranches:

59
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Pricing of CDOs under changing market conditions
Learning Effect

,1he world of models is different
than the world in reality”

Claudia Schiffer
German Mpdel, born 25.08.1970
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Research Projects
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Pricing of CDOs
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Other Projects
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Examples of Current Research Projects
Certificates

Gotz B., Zagst R., and Escobar M. (2010):

»Pricing Certificates under Issuer Risk",

in Kiesel R., Scherer M., and Zagst R. (2010):
JAlternative Investments and Strategies”, p. 123-146

G0tz B. (2011): ,Valuation of multi-dimensional
derivatives in a stochastic covariance framework®, Ph.D.
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Characteristics

J Certificates

Obligation including a guaranteed redemption and thus is a credit to the
Issuer.

Redemption is usually related to a market index.
Issuer is free in the intermediate investment of the money.
No ownership rights are transfered when buying a certificate.

Linear certificates are characterized by a linear payoff profile, i.e. the
evolution of the underlying index is matched exactly.

Non-linear certificates like guarantee certificates use asymmetric payoff
structures to reduce or eliminate the downside risk.

But: Credit risk involved !

Certificates are of special interest if it is not possible to directly invest
into the underlying index, e.g. in commodities.
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Evaluation of linear Certificates

J Certificates

Model (risk-neutral):
- V,(t) value of a company (assets) at time t

S,(t) value of the stocks at time t
D, (t) Value of the debt at time t
- For the evolution of the assets and the debt we assume:

dVy(t) = (1 - dy)Vy(t)dt +V,(t)>s,dW,(t), V4(0) =S,(0) +Dy(0)
D,(t) = D,(0)e"

with riskles return r and divident return d,
- Time of default (insolvency of the company):

t=inf{tl (0,T]: V,(t) £D,(t) } =inf{t] (O,T]: S,(t)£0}

- S,(t) value of a stock index with dividend return d, attime t and evolution
according to

dS,(t) =(r - d,)>XS,(t)dt +S,(t) x5,dW,(t)
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Certificates
Evaluation of linear Certificates

Hence:

4S,(t) = (r - d,)>S,(1)dt +(S,(t) + D,(1))>5,AW, (1)
dS,(t) =(r - d,)>xS,(t)dt +S,(t) x5,dW,(t)
dW, (1), dW,(t) =rdt,-1£r £1

where  denotes the correlation between S; and S.,.

Problem:

Pricing of an index certificate on a stock index with maturity T, which was
issued by a company which is exposed to credit risk (recovery rate R).

Solution:
For the value of the index certificate at time t we have:

IC(t,S,,S,) =S, (t) - (1- R)>e ™™V x [S,(T) ey |A ]

= Slz:) (t,51,S;)
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Certificates
Evaluation of linear Certificates

S,P satisfies the following PDE with boundary conditions:

ﬂSD ﬂSD ﬂZSD
D D D
(- 0,8, 02 4 (r - d,)08, 122+ I52 g0 -
1S, 1S, 1t

S2(t,0,S,) =0
S;(T.S.,S;) =S,(T)

Closed-form solution:

GO0tz B., Zagst R., and Escobar M. (2010):
-Pricing Certificates under Issuer Risk",
p. 123-146 in:
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Certificates
Evaluation of linear Certificates

S,(0)= S,(0)= 100, s,=s,=0.40, =0.30, r=0.04, d,=d,=0, R=0.40, D(0)=50, T=4
The higher the debt, the lower the value of the index certificate.
The higher the risk (volatility), the lower the value of the index certificate.

Impact of the correlation on the value increases with increasing volatility.
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Certificates
Evaluation of Guarantee Certificates

Guaranteed minimum redemption K at maturity, independent of the value of
the underlying.

Additional positive participation p in the price changes.

Problem:

Evaluation of a guarantee certificate on a stock index, which was issued by
a company that is exposed to default risk (recovery R) and guarantees a
redemption of K% of the nominal and additionally a positive participation p in
the price changes.
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Evaluation of Guarantee Certificates

Payoff profile:

Profit / loss (absolute)
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Evaluation of Guarantee Certificates

Solution:
Value of the guarantee certificate at time t:

GOtS,S,) = e Vx [K+psmax{s,T)- K0}A]

- (1- Ry ™™V x [(K +pmax{ S,(T)- KO}) 4, |A]

= Kxe ™Y +px [e'r‘”) xmax{ S,(T) - K,O}\At]

B(t) C(t,S,K)

S (1- R)K x o0, 0 ]A ]

B (t,S,.,K)

- (1- Ry x [T smax({ S,(T) - K0} A

CP(t,S,.,K)
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Evaluation of Guarantee Certificates

CP and BP satisfy the same PDE as S.,P with the folowing boundary
conditions:

C°(t,0,S,) =0 ; B°(t,0,S,) =0
an
C°(T,S,,S,) =max{ S,(T)- K,0} B°(T,S,,S, >K) =1

Closed-form solution:

GO0tz B., Zagst R., and Escobar M. (2010):
-Pricing Certificates under Issuer Risk",
p. 123-146 in:
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Evaluation of Guarantee Certificates

S,(0)= S,(0)= 100, s,=5,=0.40, =0.30, r=0.04, d,=d,=0, R=0.40, D(0)=50,
T=4, K=100, p=0.5

The higher the debt, the lower the value of the index certificate.
The higher the risk (volatility), the lower the value of the index certificate.
Impact of the correlation on the value increases with increasing volatility.
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Model Extension to stochastic Volatility Models

As an extension consider the following system:
dS,(t) = (r - d,)>8,(t)dt +(S,(t) + D,(1)) x5, " dW,(t)
dS,(t) =(r - d,)>S,(t)dt +S,(t) x5, v "dW,(t)
dv(t)=AXv - v)dt +s, »dW,(t)
dW,(t),dW,(t) =rdt,-1£r £1
dw, (t),dw,(t) =0, il {1,2}

Heston S. (1993): n=g=1/2.
Stein E.M. and Stein J.C. (1991): n=1, g=0.

Value of the index certificate at time t:

IC(t,5,,S,,V) =S,(1) - (1- R)xe "0 x |S,(T) %, ny|A, ]

=S2(t,5,,S,v)
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Model Extension to stochastic Volatility Models

S,P satisfies the following PDE with the well-known boundary conditions:

2 ﬂsg _l_%xszz )VZn @5@"‘%@5 >VZQQ
1S; 1S; iv
S5

15,95,

D ﬂSD

1s; 1s; _ 1S, > D _
-d,))xS k XV - -rxS; =0
1S, +(r )5S, s, +h XV -V) v + Tt F>xo;

3551 W XS, +D))

+ 1 %5, %5, WP XS, +D,)S,

+(I‘ - dl) >61

Closed-form solution:

GOtz B. (2011): ,Valuation of multi-dimensional derivatives in a stochastic
covariance framework", Ph.D., TUM in cooperation with

M University of Toronto Ryerson University
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Mathematical Finance @ TUM
www.mathfinance.ma.tum.de

Thank you very much
for your attention!
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