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This material has been prepared for information pur poses to support the promotion or marketing of the transaction
or matters addressed herein. It is not a solicitati  on of any offer to buy or sell any security, commod ity or other
financial instrument or to participate in any tradi ng strategy. This is not a research report and was not prepared by
the Morgan Stanley research department. It was prep  ared by Morgan Stanley sales, trading, banking oro  ther non-
research personnel. This material was not intended or written to be used, and it cannot be used by any taxpayer, for
the purpose of avoiding penalties that may be impos ed on the taxpayer under U.S. federal tax laws. Eac  h taxpayer
should seek advice based on the taxpayer's particul ar circumstances from an independent tax advisor. P ast
performance is not necessarily a guide to future pe rformance. Please see additional important informat ion and
qualifications at the end of this material.




We will discuss

Credit Default Swaps (CDS)

Multi-name Credit Derivatives

Simple Poisson Process

Compound Poisson Process

Mixed Poisson Process

Poisson Process with Stochastic Intensity (Cox Process)

Self-exciting Poisson Process (Hawkes Process)
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CDS - Kinetics
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CDS - Constant hazard rate (toy) model

Premium leg : , _
Protection Protection - Default intensity h=const

buyer A |« seller B - Continuous premium payment
Bl - Fixed recovery

Default probability - Const interest rate

P(t <7 <t+At) =e ™ [hAt

defaults in interval
survives up to t

Default leg
-
DefPV = N j e [1- R)e ™hdt
0

Premium leg > expected default payment at t

-
PremPV = N[e™ 3e™ dt
. expected premium payment at t

»

-
PremPV, = N[ e @™ dt
0
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CDS - Fair spread

Premium leg
Protection Protection

buyer A |« seller B
Default leg

The fair spread s, makes the contract worth O
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CDS - Term structure

Simple model:

Does not depend on maturity T

flat term structure
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Market term structure of
CDS spreads on 26/2/2009
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CDS - Calibration

hazard rate

> maturity

1 T2 T3 T4

Piece-wise constant hazard rate model can be calibrated
to market term structure by bootstrapping

{S_L’SZ""’ST} - hl - h2 — e > hT
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Multi-name credit
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Portfolio of names

Sample path of portfolio loss
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CDX-NA-IG index:

125 North American
investment grade
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Multi-name credit - Products

Loss covered by
protection seller

»

Portfolio loss ($)

Loss covered by
protection seller

A

Portfolio loss ($)

Index swap
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Portfolio loss ($)

Tz T Ty Tgy

=

time

FTD (1st to default basket)

Loss covered by
protection seller

»

time
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n-th to default basket
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Portfolio loss ($)

Loss covered by
protection seller
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Multi-name credit - Kinetics

Loss covered by
protection seller

»

Portfolio loss ($)
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Portfolio Loss — Poisson Model

J Constant jump, corresponds
0} 0 a single default

dN @3] Increment of Poisson
t process with intensity

Time-dependent loss
distribution: Loss surface

Portfolio Loss

Given in closed form

Problem:
No correlation,

weak tail for loss
distribution
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Portfolio Loss — Compound Poisson Model

J Random jump, corresponds
to a cluster of defaults

Loss surface
Can be computed numerically
Panjer recursion

Portfolio Loss

Closed form for characteristic
function + FFT

Problem:
Simultaneous defaults

unrealistic in some
applications
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Portfolio Loss — Mixed Poisson Model

Portfolio Loss Intensity

dL, = J,dN

Random intensity

6
time

Loss surface

Portfolio Loss

Given in closed form +
numerical integration over
intensity distribution

Problem:

Value of intensity is
determined at start -
dynamically not realistic
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Portfolio Loss — Doubly stochastic (Cox) Model

Portfolio Loss Intensity

Loss surface

Portfolio Loss

Complicated closed form
for characteristic function +
FFT

Problem:

No explicit interaction
between names
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Portfolio Loss — Self-exciting (Hawkes) Model

Portfolio Loss Intensity

[
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time

dA, = /A, dW, + DAN?
= JAN

Loss surface

Portfolio Loss

Solving ODE
for characteristic function +
FFT
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Problem:

Hard to find instruments
to calibrate




We are currently hiring Mathematical Modelers

Let (X;) be cadlag, defined by
X, = /5(;.;,)[,(@(1,,).
A

Let F(t,z) be a (C1,C?) function. Then

dF(t, X;) = [F(t, Xi— 4 8(, V1)) — F(t, X;—)]dN;.

Integrating from O to t we get:

Ny
F(t,Xt) = Y [F(Tn
n=1
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This material was prepared by sales, trading, banki  ng or other non-research personnel of one of the fo  llowing: Morgan Stanley & Co. Incorporated,
Morgan Stanley & Co. International Limited, Morgan Stanley Japan Limited, Morgan Stanley Capital Group Inc. and/or Morgan Stanley Dean Witter
Asia Limited (together with their affiliates, herei nafter “Morgan Stanley”). Unless otherwise indicate d, these views (if any) are the author’'s and may
differ from those of the Morgan Stanley fixed incom e or equity research department or others in the fi rm.

This material has been prepared for information pur poses only and is not a solicitation of any offer t o buy or sell any security, commodity or
instrument or related derivative (hereinafter “inst rument”) or to participate in any trading strategy. Any such offer would be made only after a
prospective participant had completed its own indep endent investigation of the instrument or trading s trategy and received all information it
required to make its own investment decision, inclu ding, where applicable, a review of any prospectus, prospectus supplement, offering circular or
memorandum describing such instrument or trading st rategy. That information would supersede this mater ial and contain information not contained
herein and to which prospective participants are re ferred. If this material is being distributed in co nnection with or in advance of the issuance of
asset backed securities, information herein regardi ng any assets backing any such securities supersedes all prior information regarding such
assets. We have no obligation to tell you when info ~ rmation herein is stale or may change. We make nor  epresentation or warranty with respect to the
accuracy or completeness of this material, nor are we obligated to provide updated information on the instruments mentioned herein.

This material may have been prepared by or in conju  nction with Morgan Stanley trading desks that may d eal as principal in or own or act as market
maker or liquidity provider for the instruments men tioned herein. Where you provide us with informatio n relating to your order or proposed
transaction (“Information”), we may use that Inform ation to facilitate the execution of your orders or transactions, in managing our market making,
other counterparty facilitation activities or other wise in carrying out our legitimate business (which may include, but is not limited to, hedging a risk
or otherwise limiting the risks to which we are exp osed). Counterparty facilitation activities may inc lude, without limitation, us taking a principal
position in relation to providing counterparties wi th quotes or as part of the ongoing management of i nventories used to facilitate counterparties.
Trading desk materials are not independent of the p  roprietary interests of Morgan Stanley, which may ¢ onflict with your interests. Morgan Stanley
may also perform or seek to perform investment bank ing services for the issuers of instruments mention ed herein.

Any securities referred to in this material may not have been registered under the U.S. Securities Act of 1933, as amended, and, if not, may not be
offered or sold absent an exemption therefrom. Inr  elation to any member state of the European Economi ¢ Area, a prospectus may not have been
published pursuant to measures implementing the Pro spectus Directive (2003/71/EC) and any securities r  eferred to herein may not be offered in
circumstances that would require such publication. Recipients are required to comply with any legal or contractual restrictions on their purchase,
holding, sale, exercise of rights or performance of obligations under any instrument or otherwise appl icable to any transaction.

The securities, commodities or other instruments (o r related derivatives) discussed in this material m ay not be suitable for all investors. This
material has been prepared and issued by Morgan Sta  nley for distribution to market professionals and i nstitutional investor clients only. Other
recipients should seek independent investment advic e prior to making any investment decision based on this material. This material does not
provide individually tailored investment advice or offer tax, regulatory, accounting or legal advice. Prior to entering into any proposed transaction,
recipients should determine, in consultation with t heir own investment, legal, tax, regulatory and acc  ounting advisors, the economic risks and
merits, as well as the legal, tax, regulatory and a  ccounting characteristics and consequences, of the transaction. You should consider this material
as only a single factor in making an investment dec ision.

Options are not for everyone. Before purchasing or writing options, investors should understand the na ture and extent of their rights and obligations
and be aware of the risks involved, including the r isks pertaining to the business and financial condi tion of the issuer and the underlying instrument.
A secondary market may not exist for certain of the se Instruments. For Morgan Stanley customers who ar e purchasing or writing exchange-traded
options, please review the publication ‘Characteris tics and Risks of Standardized Options,” which is av ailable from your account representative.

The value of and income from investments may vary b ecause of changes in interest rates, foreign exchan  ge rates, default rates, prepayment rates,
securities, prices of instruments, market indexes, operational or financial conditions of companies or other factors. There may be time limitations on
the exercise of options or other rights in instrume nts (or related derivatives) transactions. Past per ~ formance is not necessarily a guide to future
performance. Estimates of future performance are ba  sed on assumptions that may not be realized. Actual events may differ from those assumed and
changes to any assumptions may have a material impa  ct on any projections or estimates. Other events no  t taken into account may occur and may
significantly affect the projections or estimates. Certain assumptions may have been made for modeling purposes only to simplify the presentation
and/or calculation of any projections or estimates, and Morgan Stanley does not represent that any suc  h assumptions will reflect actual future
events. Accordingly, there can be no assurance that estimated returns or projections will be realized or that actual returns or performance results
will not materially differ from those estimated her ein. Some of the information contained in this docu ment may be aggregated data of transactions
executed by Morgan Stanley that has been compiled s o as not to identify the underlying transactions of any particular customer.

Notwithstanding anything herein to the contrary, Mo rgan Stanley and each recipient hereof agree thatt  hey (and their employees, representatives,
and other agents) may disclose to any and all perso  ns, without limitation of anP/ kind from the commenc ement of discussions, the U.S. federal and
state income tax treatment and tax structure of the transaction and all materials of any kind (includi ng opinions or other tax analyses) that are
provided to it relating to the tax treatment and ta X structure. For this purpose, “tax structure” is li mited to facts relevant to the U.S. federal and sta te
income tax treatment of the transaction and does no t include information relating to the identity of t he parties, their affiliates, agents or advisors

In the U.K., this communication is directed in the U.K. to those persons who are market counterparties or intermediate customers (as defined in the
U.K. Financial Services Authority’s rules). In Japa  n, this communication is directed to the Qualified Institutional Investors as defined under the
Securities Exchange Law of Japan and its ordinances thereunder. For additional information, research r etports and important disclosures see
https://secure.ms.com/servlet/cls. The trademarks a  nd service marks contained herein are the property of their respective owners. Third-party data
providers make no warranties or representations of any kind relating to the accuracy, completeness, or timeliness of the data they provide and shall
not have liability for any damages of any kind rela  ting to such data.

This material may not be sold or redistributed with out the prior written consent of Morgan Stanley.
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