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Underlyings vs. derivatives

Underlyings

» Stocks, interest rates, FX rates, deposit, plain bond, ...
More complex financial products are ,,derived” from simpler products

» Derivatives are payoff claims somehow based on prices of simpler products or other
derivatives

» Derivatives may be traded via an exchange or directly between two counterparties
(OTC: over-the-counter)

» OTC-Derivatives are based on freely defined agreements between counterparties
and may be arbitrarily complex
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Example I. Forward (or Futures) contract

Buying (or selling) assets at some future date

Long position: you bought the stock

E A (Your counterparty is short)
Payoff Sy - K at / &
maturity (expiry) T
Physical Settlement:
get Asset, pay K - =

K ST

Cash Settlement: get
St-K Asset Price Sy at

maturity (expiry) T
Forward Price K

or Strike Price
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Example Il: (Plain Vanilla) Bond

Zero coupon bond
A
Start date

\f_f_tf

Maturity date

dTine
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Example of Bond term sheet

Filed pursuant to Bule 433

Registration Statements Mos, 233-183618 and 333-183618-0]
Relating to Preliminary Prospectus Supplement dated

March 1, 2014

LS. 52, 500,000,000 6.250% Global Notes due 2024

Pricing Term Sheet

A preliminary prospectus supplement of Petrobras Global Finance B.Y. accompanies this free writing
prospectus and is available from the SEC's website at www.sec.gov.

Issuer:

Guarantor:

Form:

Offering:
Currency:
Principal Amount:
Maturity:

Coupon Rate:
Interest Basis:
Day Count:

Interest Payment Dates:

First Interest Payment Date:

Gross Proceeds:
Issue Price:

1.5, Treasary Benchmark:

Petrobras Global Finance BV, (“PGF™)

Unconditionally and irrevoecably guaranteed by
Petrdlen Brasileiro 5. A, - Petrohras

Senior Unsecured Notes
SEC-Registered

1.5, Dollars

LS. 52, 300,000,000

March 17, 2024

6.250%

Payable semi-anmually in arrears
300360

March 17 and September 17
September 17, 2004
11.5.52.454 300,000

Q0. 7T2%

2. 7507 due Febroary 15, 2024

Benchmark Treasury Spot and Yield:
Spread to Benchmark Treasury:
Yield to Investors:

Make-Whole Call Spread:

Pricing Date:

Settlement Date:

file:Cblp/data/CFpbra201403 10 fwp2 hitm

99-23+/ 2.781%
+ 350 hps
6.281%

+ 50 bps

barch 10, 2014

March 17, 20014 (T+35)

01/15/2015

pbra20140310 fwp2.htm - Generated by SEC Publisher for SEC Filing Seite 3 von 3

Denominations:

CUSIP:
ISIN:

Joint Bookrunners:

Co-Managers:

11.5.52.000 and integral multiples of U.S.51,000 in
excess thereof

TI64TH AMI
USTI64TNAMI L

Bank of China (Hong Kong) Limited
BB Securities Lud.

Banco Bradesco BBI 8 A,

Citigroup Global Markets Inc.
HSBC Secunties (USA) Inc,

LP. Morgan Securities LLC

Banca IMI S.p. AL
Scotia Capital (USA) Inc.
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Example IlI: Plain Vanilla Option

Simplest and most liquidly traded options

(Plain Vanilla) Call Option (Plain Vanilla) Put Option

-> >
K St K Sr
Payoff: Payoff:
max(Sy — K,0) = (S — K)*

max(K — S;,0) = (K — Sp)*
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Example IV: Bonus Certificate

Getting more than you might expect

A Zero strike call
Full protection

Payoff

against minor losses
5 A
©
o [ | [ |
i i >
7 H K St
/ I
. = +
7
Everywhere at or above stock B
price, but still could be sold at 3 A
current stock price level 0 Down and out put
| |
. | >
H K Sr
If Protection level H is Put becomes worthless, if / . \I >
hit once before expiry, barrier level H is hit once -~ :
. . H K
protection gets lost. before expiry.
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Arbitrage free pricing
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Time is money. But how much money is it?

» Money today is worth more than the same amount in some distant future

» Risk of default

» Missing earned (risk free) interest
» Zero discount bond P(t, T): discounted value as of time t of payment of 1 unit at future time T
» Discount factor: Factor to be multiplied to a future cash flow to get its present value

» Equal to price of zero bond

Interest earned over
time period T:
/ r (T —t) P(t,T)
N = P(t,T)
Cash flow 1 at future S W+ =1

time T is worth now

1 t
PT) = 1+7(T—-t)

Discounting

dTine
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Compounding of interest rates

» Usually, interest is paid on a regular basis, e.g. monthly, quarterly or annually

» If re-invested, the compounding effect is significant
> Annual, semi-annual, quarterly, monthly or daily compounding is used
> Anyway, the rate r is quoted as annualised rate, i.e. interest per year

» Without re-investing, the rate is called “simple compounding”

ey (L) (145) (14 5)= (145) ™ Number
Compoundings o times of years
per year

» Continuous compounding is the limit of compounding in infinitesimal short time periods

r nm
lim (1 + —) =e'l, T =n, P(t,T)=e T
m—-00 m
n=const.

If not stated otherwise, this convenient notation is used throughout the rest of the talk. It is also most often
assumed in papers on finance.

dTine
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Arbitrage: making money out of nothing

» Arbitrage is the art of earning money (immediately) without taking risk
» If the markets are inefficient, there may be opportunities for arbitrage

» Since money earned by arbitrage is easy money, market participants will take
immediate advantage of arbitrage opportunities

» [Fair values should be arbitrage free

» Example:
» Party A offers to sell stock for 10 (ask price)
» Party B is willing to buy stock for 15 (bid price)
> Arbitrage! Buy from A and sell to B without risk, making riskless profit of 5

» Because of this, A will have a lot of potential buyers (and will rise the price) while B has
many offers and lowers the price, reducing the arbitrage opportunity until ask price > bid
price

} There is no free lunch!

dTine
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Example: valuation of Forward contract

» Forward contract buy some asset (e.g. a stock) for a fixed price K at a later time T
> Question: What is the fair strike price K?

» The bank replicates the Forward contract:

Attimet = 0: Attimet = T:

1. Step: Enter into short forward contract (0 cost) 1. Step: Settle Forward contract and

2. Step: Borrow amount S, at risk free rate receive K in return for stock

3. Step: Buy stock at price S, 2. Step: Pay back loan

t =0 0 So =Sy 0

t =T K-Sy Sy - eSs, K-e's,

Assume K > e'"S,. In this case, our strategy has provided us with a riskless profit (> 0) at no cost, which
contradicts the no-arbitrage assumption.
Assume K < e''S, . In that case, use the opposite strategy: long forward contract, short sell stock and lend

cash. You make K — e"TS, out of zero investment, no risk.

} To avoid arbitrage, the forward price (no dividends) must be K = e'” S,
dine
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The fundamental theorem of asset pricing

Theorem: Suppose we have an arbitrage free market and a numeraire, i.a. an asset N with
strictly positive price for all t € [0, T].

Then there exists a measure Qp (the martingale measure) such that for any derivative V with
payoff V(T) the present value is given by

e _ . (¥
N(©)  “A\N(T)
Example: With the zero bond P(t,T) as numeraire, we get

VForward(O) = P(O: T) (ET(ST) - K)
and therefore

VEorward (0) = So —e™™" K
since S(t) follows dS; = rS;dt + odW, under the martingale measure associated to P(¢t,T)

dTine
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Adding optionality

» For options, the distribution function matters o
» Plain Vanilla option: cut off distribution function at strike K %A
» European Call option payoff: max(S; — K,0) = (S — K)* al
>
» Question: Is there any arbitrage free replication strategy to K St
finance these payoffs?
St

dTine
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Stock process

The Geometric Brownian motion of some stock price S(t)

Standard normal distributed
Drift Volatility random number

dSt — ‘LlStdt + O-Stth th ~ 8\/& /J\F

0.2
dlnSt: ,lt—? dt‘I'O-th

dTine
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lto‘s lemma

» What's the stochastic process of a function of a stochastic process?
> Apply Ito’s lemma

» Process of underlying: dS = uSdt + aSdW
» [Falir value V of option is function of S: V = V(S)
» Ito's lemma:

dV = ov S+6V+1a2 25?2 dt+aV SdwW
—\9s™ T r T 2952 s ¢

Caused by stochastic

term ~Vdt.

dTine
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Replication portfolio for general claims

» Replicate option payoff by holding portfolio of cash account and stock
» Ansatz: V = B + xS with dB = rBdt .

» Changes in option fair value VV

dV = ov S+6V+102V 252 dt+aV Saw dV = rBdt + xuSdt + xoSdW
“\os" "o T20s2° as ° -7 H X0
» Choosex=3—‘;and insert for B =V — x8S:
oV 10 oy oy OV
ot " 295200 TP TV TG

0% av 10%*V
S _ 2¢2 -
5 TS 55 T 33520 S =TV Black-Scholes PDE

} With this choice of x, the stochastic term vanishes

dTine
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ECB policy drags down reference market interest rates

Status Quo:
» ECB deposit facility rate at -20BP —
»  Eonia fixing and Eonia swaps (up to 4Y) below OBP - 050 1
»  3M Euribor fixing around 2BP
» EUR 3M FRA (bid) rates already negative at short end 0.95 |
1.75 -
1.50

1.25
1.00
0.75
0.50 -
0.25 4 = temeeme—-

0.00 | . 2 | /
_0.28ur11 Jun-12 Jun-13 RS 7 e

Interest Rate in %

Interest Rate in %

----- ECB Deposit facility Eonia (w/o EoM effect) —SMEUFinor

Given the ongoing quantitative easing it is uncertain if current interbank rates levels already mark a floor.
Interest rates in other currencies, such as CHF and DKK, already show a strong negative tendency.

dTine
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There are various types of risk in low interest rate markets

Negative Eonia - Zero/Negative Euribor - Low Forward Rates - Zero/Negative Forward Rates

Operational Risk

Model Risk

Market Risk

Can systems process negative
values for fixings, forward rates
and strikes?

Are models still in line with peers
and market standard given the
new market environment?

Can models calibrate to market
environment and yield reasonable
pricing and risk numbers?

What if the answer is ‘No’?

» Interruption in EoD valuation
runs
» Limitations of new business

» Collateral disputes
» Disadvantages when
competing for deals

» Wrong prices/hedges/risks
» Bleeding P&L due to potential
arbitrage

} Current low interest rate markets require active operational, market and model risk management

dTine
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Vanilla option pricing is affected most by low and negative interest rates

A (very) brief introduction to Vanilla interest rate options
Call option (caplet)

Put option (floorlet) Straddle (caplet + floorlet) = = = Density

2.0% - 140 @
©
120 2
= >
2 o
= - 100 g
= S
Q y—
o - 80 O
g z
= - 60 ©
z S
(@]

p - 40 2
%
- 20 oo
o
(a

I 1 C.S% " 1 1 ~q 1 O

-1.0% -0.5% 0.0% 0.5% 1.0% 1.5% 2.0% 2.5% 3.0%

Underlying interest rate

} Vanilla option price becomes the option payoff integrated against the probability density of underlying rate

(1) Actual payoff is normalised payoff times annuity (notional, year fractions and discount factors) d-fine
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In the past log-normal-style models used to be market standard

» Example: log-normal model calibrated to price of interest rate option (1y x 1y straddle, forward at 1%)

Implied Density Put and Call Option Prices
160 0.14%
140 Puts Calls
140 0:12% -
120
0.10%
> \ .
) 100
g \ 3 0.08%
o on >
ov c
ks \ 2 0.06% \
S 60 B \
B 0.04%
A0 )
20 \¥ O e,
-1.00% 1.00% 3.00% -1.00% 1.00% 3.00%
Underlying Forward Rate Option Strike

» No probability density below zero forward rates; Hence zero-strike options are always priced at zero

» More advanced models (e.g. like SABR model) may show similar behaviour

} Limitation of Log-normal-style models force the industry to develop new models and methodologies

dTine
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The market does assign non-trivial values to low-strike interest rate options

1.2500
0.0500 | 0-220°

Ayt Interest rates go down

-0.0180 10.2000
0.1500

0.1000

0.0000 :
Nf 26.00

L\_, .
_.l'_'\JJ\_r/ LAU‘L.J 24.00

J v 22.00

AV

A A
An £\ -
BEAN. Tl 2050

f ZUUY
18.00
16.00

14.00

M/ § / J N Ilr' i
But straddle prices go up f historical market prices (1y x 1y straddle) 12.00

Dez Mar Jun
2015
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Shifted log-normal and normal distributions are alternatives for Vanilla option
modelling

Implied Density Put and Call Option Prices

e |_ogVol e ShLogVol NormVol | ogVol - ShLogVol NormVol

Puts) .o, | 4 Calls

B R RN
A O ® O
O O O O

Option Value

Implied Density

ZY, W\

-1.00% 0.00% 1.00% 2.00% 3.00% -1.00% 0.00% 1.00% 2.00% 3.00%
Underlying Forward Rate Option Strike

»  Shifted log-normal and normal distribution yield probability mass also for negative forward rates

» Zero- and negative strike options get a non-trivial model price

There is still no clear picture whether shifted log-normal or normal distributions become new modelling
standard
diine
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Summary
s Emm—

Pricing in Low Rates Environment

» New challenges for operational, model and market risk management

» Vanilla models require most attention

» Market standard log-normal Black formula (+ SABR interpolation) requires improvements

Shifted Log-normal and Normal Volatilities
» Quotation of log-normal volatilities switched to shifted log-normal and normal volatilities

» New modelling approaches for interest rate options are evolving

Further Reading (background, models and references)

http://www.d-fine.com/unternehmen/aktuelle-themen/negative-zinsen/

If you want to take up these and many other challenges with us then get involved! Contact us in person or
have a look at www.d-fine.com
diine
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CVA = Credit Value Adjustment

The value of counterparty default risk (credit risk) Positive part of

derivative value at time t

CVA=E ](1— R(t))1,,_,(t) B(O, )V * () ot
0 Y _

Recover Time of
y Rate default

The derivative value with default risk VP(0) equals V(0) — CVA.

Counterparty risk can be traded by means of Credit Default Swaps —

paying periodically a premium for insurance against default of specific
counterparty

dTine
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CVA simplified

Special assumption reduce complexity

1. Assumption: default probability can be T ot g
expressed in terms of hazard rate h(t) default °=V-E I (1-R)h(t)e V7 (t)dt
probability in infinitesimal short time dt. 0

2. Assumption: deterministic and constant VY _(1_ R)E ]h(t)e—h(t)t e—rtV+(t) dt
recovery

3. Assumption: no wrong/right way risk VL IRY _(1_ R)]h(t)e—h(t)t E[e—rtv+(t)]dt
(exposure and default probability are

independent)

4. Assumption: exposure is always positive VALY, _(1_ R)]. he MV dt =V _(1_ R)(l—e‘hT)\/

and (piece-wise) constant hazard rate

5. Assumption: zero recovery rate VP =e"V

dTine
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Forward fair value with CVA

Counterparty risk adds option feature

Call option with CVA:

VCaII CaII (1 R)( _hT )‘/Call

Special case R=0:

VCaII =e " (SN (d,)—Ke™N (dz))

dTine

2015-10-06 | Current issues of financial product valuation | Implications of counterparty credit risk (3/4) © d-fine — All rights reserved | 30



CVA for the bank’s derivatives portfolio

Effect of netting agreements and collateral management

Before Netting After Netting
A

Trades
Trades

Netting of
Exposures
2 Relevant for CVA

Netting Sets

Collateral

<Short Long >

dTine
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Products with credit risk
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Typical credit linked products

Asset Ba_cked CDO2 Option on CDO
Security

Index CDS .

Nth to
Default Swap

Credit Portfolio

Credit Default Swap
Digital CDS

Defaultable
Bond/Floater Credit Spread
Asset Swap Option
Total Return
Swap

Single Name

Credit Spread Based Default Dynamics

dTine
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Single name Credit Default Swap

Premium payments
A

tl tz : t5 T

_ _ Default time
Protection payment in

case of default

» Market practice is to use a simplified approach for pricing CDS
» Value of protection leg

Vprot = (1 —R) z D(t)(Q(ti—1) — Q(ty)

» Value of premium leg
n n 1
Vbrem = SZ D(t;)(ti—1,t)Q(t;) + SZ ED(ti)(S(ti—lr t)(Q(ti—1) — Q&)

dTine
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CDOJ/ABS: securitization of credit risk portfolios

» Securitization of credit risk portfolios allow transfer of credit risk without transferring the assets
itself

» Portfolio is cut in several tranches (see next slide)

ABS: Asset backed security CDO: Credit debt obligation

+ Large portfolio of (~thousand) of credit risky assets,  Portfolio of (~hundred) credit default swaps
e.g. consumer loans, mortgages, credit cards, etc. (sometimes bonds)
* Underlying assets are not tradeable * Usually tradeable credit names as CDS underlying

* No look-through on portfolio (i.e. buyer does not have | |+ Often look-through possible (i.e. credit names of
direct access to underlying portfolio underlying are known by CDO buyer)

« Valuation is highly depending on information provided | |« Models can be calibrated to available market data (i.e.
by issuer credit indices like iTraxx, CBX, etc.)

+ Pay off structure (waterfall) often rather complex + Pay off structure is usually fairly simple

+ Valuation is often limited to correct distribution of cash | |+ Valuation by dynamic simulation of defaults of single
flows assuming a deterministic default schedule underlying (with many simplifications)

dTine
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ABS/CDO performance over time

40% -
35% - O Super Senior: 30-100%
30% - O Senior: 15-30%
25% A E Mezzanine lll: 10-15%
20% - B Mezzanine Il: 7-10%
15% - B Mezzanine |: 3-7%
10% A W Equity: 0-3%

5% - Hl Default

0% -

Start 1st Year 2nd Year 3rd Year

After 1st year, 1% of total nominal has defaulted, i.e. 33% of equity tranche
After 2nd year, 100% of equity tranche has defaulted
After 3rd year, 5% of total nominal has defaulted, i.e. 50% of mezzanine | tranche

© 2007 d-fine All rights reserved. dT"ine
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Valuation of structured credit securitizations

© d-fine — All rights reserved | 37



d-fine’s approach to value structured credit securitizations (1/2)

» We offer: Independent and » Steps performed by d-fine:
transparent valuation of
structured credit securitization on In-depth analysis of the Critif:al an.ailysiﬁ of components of the contrzflct
deal based on the and identification of gaps and loopholes which
a per‘—deal basis transaction documents have the potential to change the value
significantly.
e Modeling of the underlying Appropriate cash flow structure resembling

» Data basis:

» Offering Circular (OC) of the
transaction including all

appendices and amendments e Modeling of the waterfall
structure, relevant triggers
and other relevant

pool interest, redemption structure (regular
redemption and prepayments), defaults and

recoveries from the reference pool.

Modeling of all waterfalls for the distribution
of principal, interest, defaults, recoveries,

> Investor reports and/or reinstatements. Modeling of specific ledgers,

supporting documents for the contractual components excess spreads, overcollateralization, triggers,
composition of the reference S
pool.

Validation of our deal
modeling

Validating waterfalls, triggers, ledgers to make
sure that the modeling corresponds to the
understanding of the contract.

» QOutput: Present values for all
tranches within transaction 9 Documentation of all steps
. . . above
including their cash flows

Transparent and traceable valuation

v v 9

dTine

2015-10-06 | Currentissues of financial product valuation | Valuation of structured credit securitizations (1/19) © d-fine — All rights reserved | 38



d-fine’s approach to value structured credit securitizations (2/2)

» Process of securitization valuatiop

Investor Reports (IR) |Reference Pool Results
Mappil
B Straﬁﬂcap':l?'orl"lumble I Reference Obligations I Expacted Cashflows for: ot .
— En‘ﬁ!ﬁtﬂ -:——hw-l--ln- :_p.-. F!-D:-:_Il-ﬂl.-l.ﬂ.l:_l.llrth - _‘-I "Ir‘l‘tel‘&st FELELILE b
| Ppie . BES = = omommn SR * Redemptions & Prepayments S
E 4 r - * Defaults & Recoveries (w/ Recoverylag) Tipe
[ - . vaiDats 1404 2009
o= e Disountcurys FUR mvap
- — AN | TEMGIO LN [ RedsvaniTrancha Cllas 00
i im '-:- uu.:.r.r 1.-1:‘::.1.1! T || Ty th AL Hominal atval Dete relev.Tr
—_ . == Wiwe | mnen | oeow ) o
= —airm = e v = e e [ “ PV CDNABS
. = o= e == = TeCTED 1R i IS IaI 00 i Wm‘m
Price [PV 131 To nominal)
Securitization Structure Ll"! | Cashflows of notes and pool I

IR e v e

Triggers change Watarfall structure as MoCo Modeling = T
waterfall siructure Language {MoML) a e 17 o

3

{4

ﬂ'-‘h_Dehu I;1 Tools Documentation for contract interpretation,
| Motes [ Tranches I " avallagbgle tgo verify reference pool mapping, validation
N re—E e | _| distribution of
[ > | amounts

JL sadievy J

<> b

Treatment of deferred principal
and reinstatements, lost
interest, amortization
schedules etc.
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Reference pool modeling

dTine
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Modeling the reference pool

» Reference pool: Usually consists of a pool of credits.

» Credits are characterized by properties from which cash flows can be derived. Those
properties are:

> Current notional

N

Paydays for interest and amortizations

N

Specific interest rates

v

Credit type (Amortization structure of the credit)

v

Estimated prepayment rate

» For the valuation of the securitization one also needs the default probability.

» The distributions of the properties for the pool are given in the Offering Circular (OC) and
later in the Investor Reports (IR).
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Interpreting raw data and converting to pre-processed data

» @Goal: Construction a reference pool » Example: Maturities as Tenors
P : H Raw Data Pre-Processed Data
consisting of synthetic credits that has Miatariy et | [Enddate weight |
the same marginal distributions given in Up to 1Year 3,42% 01.10.2008  3,42%
2 Years 4,80% 01.10.2009 4,80%
the reports' 3 Years 4,83% 01.10.2010  4,83%
4 Years 2,77% 01.10.2011 2,77%
5Years 2,90% 01.10.2012 2,90%
7 Years 10,45% 01.04.2014 10,45%
. . .. . 10 Years 13,37% 01.10.2016  13,37%
» Available Information: Stratification 15 Years 16,55% 01.10.2020  16,55%
. . . N . 20 Years 23,85% 01.10.2025  23,85%
tables contain marginal distributions of 25 Years 12.22% 01102030  12.22%
M h , % U4, ) %
the properties for the pool. Tables may More than 25 Years  4,84% 01.08.2033  4,8%%
contain one or several properties. » Example: Survival probabilities from Rating
Raw Data Mapping to Markit Pre-Processed Data
Rating Weight] Moodys |Markit |Weight SurvProbRef Weight
1 0,04% Aaa AAA 0,04% MarkitSurvival_AAA 0,04%
. ° + ,46% a ,70% arkitSurvival ,70%
» Interpretation and pre-processing of the i v A o T e
- 2- 0,63% Aa3
data fr‘om the OC or IR IS hecessa ry. 3+ 13,58% AL [A 27,60% MarkitSurvival_A 27,60%
3 5,10% A2
3- 8,92% A3
4+ 12,04% Baal |(BBB 48,14% MarkitSurvival_BBB 48,14%
4 14,91% Baa2
4- 16,42% Baa3
5+ 11,76% Bal BB 18,02% MarkitSurvival_BB 18,02%
5 4,50% Ba2
5- 1,76% Ba3
6+ 0,88% Bl B 3,34% MarkitSurvival_B 3,34%
6 1,99% B2
7 0,47% B3
8 0,17% Caal |CCC 0,17% MarkitSurvival_CCC 0,17%
Caa2
Caa3 d+ine
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Creating synthetic credits

» By combining the distributions of the

Nominal Discount | NomFactor | CreditType | StartDate | EndDate | EffDate
propertlesl d reference pOOI Of 2.299.282 80 0|Annuity 30.01.2009| 31.12.2010| 30.04.2009
Synthetlc Credlts IS bUIId' 44 586092 54 O|Annuity 30.01.2009| 01.07.2013| 30.04.2009
117.363.391,60 0[Annuity 30.01.2009| 02.07.2018| 30.04 2009
.- . . . 190.840.472,30 0|Annui 30.01.2009| 02.07.2023| 30.04.2009
» Our pricing library determines the cash el

248.922.355 20 0|Annuity 30.01.2009| 31.12.2032| 30.04.2009

flows of the reference pool by
395.776.547 90 0|Annuity 30.01.2009| 01.01.2028| 30.04.2009

considering, e.g.
» credit type

> interest rate periods

> reference rates.

PayDate Interest Prepayment Default Recovery RealizedLosses
01.04.2010 3.063.434,87 8.650.567,29 175.099,21 3.521.780,17 3.521.780,17

Principal

» The pool will generate expected cash

06.04.2010 2.198.878,36 16.274.412,65 126.008,17 2.533.521,09 2.533.521,09

flows for: 01.07.2010 3.034.280,45 8.680.735,84 173.419,96 3.525.771,90 3.525.771,90
02.07.2010 1.566.632,27 8.831.497,21 89.584,77 1.822.774,86 1.822.774,86

05.07.2010 301.212,01 7.493.634,81 14.750,66 354.368,53 354.368,53

> Interest payments 01.10.2010 2.899.128,47 8.811.556,87 165.682,50 3.405.240,32 3.405.240,32
. 04.10.2010 1.774.080,99 12.000.902,30 101.598,28 2.087.090,97 2.087.090,97

» Principal payments, prepayments 03.01.2011 4.395.874,27 21.083.383,56 251.380,41 5.165.120,72 5.165.120,72

> Defaults and recoveries
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Modeling expected cash flows of the reference pool

» We model expected cash flows, e.g. each payment is weighted by its survival probability
during the interest period.

» The modeling of the pool has the following particularities:
> No Monte Carlo simulation for the default of obligations

> Expected cash flow modeling = No correlations modeled

» In general possible to upgrade to a fully stochastic model, but would be based on very
unsafe assumptions

» Address model risk by providing a price range for the securitization by varying input
parameters, especially for the reference pool.
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MoCo Modeling Language
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Basics of the MoCo Modeling Language (MoML)

» MoCo Modeling Language (MoML): » Example:

* * _ *
s Table-based calculator > 0.3 * Nom(A)+ 0.2 * Nom(B)-0.5 * Nom(C)

> “Weighted_NotesNominal” is a function and can be called
> Connects different objects and functions from other functions.

by basic arithmetic in order to define

new functionalities.
ObjectName Order- Operat- Object- Object Function
ID ion Reference

» Includes specialized objects for
securitizations (e.g. triggers, tranches,

Weighted_NotesNominal ClassA GetNominal

Weighted_NotesNominal 2 mult 0.3 num
reference pOOI) Weighted_NotesNominal 3 ClassB GetNominal
. . Weighted_NotesNominal 4 mult 0.2 num
> Allows modeling and valuating of the _ .
L . . Weighted_NotesNominal 5 add
securitization transaction. Weighted_NotesNominal 6 ClassC GetNominal
Weighted_NotesNominal 7 mult 0.5 num
Weighted_NotesNominal 8 sub

» Waterfalls are modeled within a so called
“tasklist” based on MoML.
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Integrating specialized securitization objects into MoML
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Specialized securitization objects within MoML

» Goal: Simulating distribution of amounts (& simulating waterfalls) to determine expected cash flows of
tranches

» Specialized objects for securitizations:

e Controller

Controller unit of the complete system. Contains

* references to the sub-objects

 all global variables

* Steps through the task list and calls individual objects

* Main tasks are the aggregation of the regular income and its distribution to the tranches within the
different waterfalls

Q Tasklist
e Trigger Table

° Tranche

Reference
Portfolio

Contains a list ordered by the current system state (<> different modi of the transaction < different
waterfall structures)

Contains conditions ordered by the current system state. If a condition is true, the system state will
change and the transaction changes into a different distribution mode. The conditions are defined
within the Tasklist.

Describes a tranche. Different Types possible (,,Notes“ and ,CDS“). The tranche object has information
about the paydays, calculation of interest and many functions and references to keep track of defaults
and reinstatement mechanisms.

This object contains the cash flows from the reference pool (Interest, Principal, Prepayments,
Defaults, Recovery).

VvV V V'V
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Interaction of the components in the overall system

Controller NextTimeStep() 4

Zeitenim Contoller A

12212221112 222 12T
Controller
coordinates for
each time step: \
Tasklist \
ﬁ? Reference - ‘ I _
POfthliO I » = - EII:‘: ::j: mza\mmammmmumwnmmm
o = ] { e eres Calectn Setran
GetTimes() ] , e
‘ ‘ 1 : ~ Ml;;mw‘:nkwnn z:j: = _‘*.
et I T Public Function() — I S==
VVVVVVVV [ttt , : N e
! — T s
GetTimes() Tranches e
Class A Public Function() : e ‘
Class B Public Function() — Z
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Example securitization Berica 6
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Basic data for transaction Berica 6

»

»

»

Offering Circular (OC)

Investor reports for transaction performance and pool performance

The documentation belongs to the client. It contains around 15 pages and is structured in the following
sections:

1 Summary of the transaction

2 Representation of the deal constituents

2.1 Status of the SPV

2.2 Notes

2.3 Simplifications made in the PDL representation
2.4 Not modeled events / triggers

3 Reference Pool

3.1 Credit Types and Maturities of the credits

3.2 Interest rates and interest rate periods of the credits
3.3 Prepayment rates of the credits

3.4 Default probabilities of the credits

3.5 Recovery rates

4 Protocol of the validation

5 Information on data updates
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ransaction docomerts

)

J )
S o rages } e, s, s, o

)

Sndotnr reevant einsatemerts Modelng of spciic ledgers,

Schematic modeling for transaction Berica 6
e —

ure thatthe moseling coresponds o he

» The documentation usually contains a summary of the distributions of all amounts and the modeling of
the risk mitigation mechanisms:

| ]
+ o
[ T ] [(A) equals the aggregate Notional Outstanding Amount (B) aquals the aggregaie | _Cmenh st |
cipsl Avaliabis Funds [Delinquent Mortgage Loan as of the last day of the aizﬂ"d"lﬂ"""(“";ﬂfj" [
immediatel ding Collection Period or that ha arigage Loans (excluding P
T : — ecome a betauitad Mengaga Loan dutingthe. # Principal Deficiency Ledger Amasmt any Morigage Loan in Waterfall (Pre-Enforcement Interest (irder of Priority)
Waterfall (Pre-Enforcement Prmmpalf‘rmnty of Payments) immediately praceding Collection Period {net of pal <y respact of which a Limitad

[Recourse Loan has been
arantad) classified as in
soflersnza during the
immediately preceding

lamounts aiready debited to the Principal Defici [ 7ees |

ILedger in respect of the same Mortgage Loal
oreceding Calculation Dates):

(i) 1o set aside, o form part of the Interest Available Funds of such Payment Dale, the
Interest Shortfall Amaunt (i any);

1) T'ees. Lost, EXpanses (INiercrediior Agreement. Issuar EXpenses ACoo

i

(i in or towards provision of the Availabla Funds for Amortisation (as dafined balow) to
e applied fowards mandatory redemption of the Notes. provided that the Availzble
Funds for Amortisation of each Payment Date falling before the First Principal

Debliad With (-}

1

Collection Period

Principal Deficiency Ledger

Representative of ihe Noteholders  Issuer Disbursement Amount]

iy Fess, Gost, Expenses (Gash Manager, the Paying Agents, Acozunt Bank)

Repayment Date shall be set aside 10 the [ssuer Investment Account and shall form part

==

ot the Principal Available Funds of the next succaeding Payment Date; an ) ol amounts 1o tha Commingling Fisk Guaranor under he Commingling Fisk
|Guarantee or substitute
Credited With (+) ¥
(i) la set aside, Lo form part of the Interest Available Funds of such Payment Date, an amounts standingf to the credit
|S..,p.us £l v | | Initially: Euro 11,422,000 | are part of Iniergst Available |t Swaps, inerest ete caps |
Funfis

Principal Deficiency Amount |f"'"[“”" interest: Class A1 and Class A2 Notes, Class B Notes, Class C Notes

1 I
|‘7

Cash Reserve

Idaml balance of such Ledger is reduced to zero

PRIOR TO: Trigger Notice or

if the Cumulative Default Ratio is greater than 12%, the
Ipayment of interest di wyable on the Class B Notes
Jand the Class C Notes shall ba subordinated to item (x) 1Amounl)
eredited 10 1he Issuer Cash Reserve Account out of any Interest Avallable: £3
Funds in accordance with the Pre-Enforcement Interest Order of Priority so as| J o) i Nomi(A_itt))>0 for | in (A1,A2,B,C), where t today of last pariod: credit Issuer Cash
to bring the balance of such Account ta the greater of |Resarve Account to bring balance to Target Cash Reserve Amount
(Target Cash Reserve Amount)

[1<) pay moneys to Principal Avalabie Funds that have praviously taken from Principal
intarest shorifall (Interest Shortfall Replenishment

L Insovency Evert

Available Funds for

Jiix) to credit the Principal Deficiency Amount to the Principal Deficiency Ledger until the |

| ;
Pro-Rata A2, B, C (xiii) 1o st aside to form part of the Available Funds for Amortisation of such Payment
Class D (b E Date an amount equal to the Cash Reserve Excess
Class E
i 2
Jixivs Servicers and Masisr Servicsr casts and expensas |

TkvI-(0) INErest COmponent and Interest of the Inial PUIChase PrIGe 10 b paid

Euro 18,560,000, being 1.30%
of initial Mominal (A1,A2,B,C)

pursuant o the Transfer Agreements
Class A1 vollstindig getilgt for the redemption of the Class E Notes
anly, the Additional Return Reallacatian y ) The amourt oTire: (xvil) repayment of any Advance Indemnity andior Limited Recourse Loan) pursuant to
Principal Available Funds [Amount which the Issuer has elecied to 1f Sum N_ift) <= 50% * Sum N_(t=0) (a} the difference (if positive) Interest Available the Transfer Agreements, the Warranty and Indemnity Agreements, the Class D Notes
[Das Verhalinis zwischen Nominal von avelable ahar Ba T RRoT apply towards satisfaction of the Prineipal 130% of the Principal Amaunt b;t:een m;"TaEle;fc‘a;h Fonde iecie) [ Subscription Agreement, the Class E Notes Subscripiion Agresment, repay Servicer any
| |Bund Cund Giass A1 und A2 ist () of the Pre-Enforcament [Amount Qutstanding of the Class E Notes Outstanding of tha Class A1 aservs Al ol peymant okl Servicer Advance Indemnity and interest
mindestens doppett 50 gro8 wie zum Princeel it on such Payment Date Notes, the Class A2 Notes, the Class preceding PayimeriDe SIERE i) o the Pre- F
closing B Notes and the Glass G gt Cosh Mlecel Enforcement Interest -
such Payment Date; Order of Priorit (xviii) upon termination of a Swap Agreement, all amounts due and payable to the
Net Cumulative Default s FCH AISIITE relevant Swap I Swap Counterparty is the Defaulting
Ratio > 5% ? Party o s the Affected Party as a resull of either (a) a Rating Event or (b) a Moody's
[Frincipal Deficiency Ledger ist Null Rating Event (sach such term as defined in tha Swap Agreemants), othar than payments
referred to under item (v) above:
Cash Reserve ist bis zum Sollwert
auigefalt L ?;’5; o [ixix 0 pay interest dua and payabie on the Class E Notes; |
i) Redeem Class E down to T
500,000 -
No(B)+ N(C) 4 L N,(B)+N,(C) T T (i) Use Cash Resarve as I[xx) to pay the Additional Return on the Class E Notes; and |
. £ 2= Principal available funds
wlcan = vy (42) N(Al)+ N, (42 e ¥
[EEE i I[xxu if Notes are repaid in full the Deferred Purchase Price, to sach Originator |
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MoCo screenshots for transaction Berica 6

» MoCo representation of the reference pool:

Hererence Fortroho FFOIFECF G FOFDCFLILFD
Reload $F$6:$AE$12
i | Nominal | Discount |NomFaclor|CreditT9pe StantDate| EndDate | EffDate |LongStart LongEndl Tenor|5lubTenor CouponCal|Couponfdjust| PayOffset| PayAdjust|l
Mame FeferencePortfalio 2.299.282.80 0 Annuity 0012009 322000 30042003 FALSE FALSE 1M EU Follawing Ob Following
ReferenceCredit Rf_CreditList 4452605254 0| Annuity 0012009 0072003 30042008 FALSE FALSE 1M EU fallowing b Fallowing
YalDate 01022003 N7.362.39,60 0 Annuity 30012009 02.07.2018 30.04.2003 FALSE FALSE 1M EU Follawing Ob Following
130.840.472,20 0] Annuity 0012009 02072023 30.042008 FALSE FaLZE 1M EU following Ok Following
248.922.355,20 0 Annuity 30012009 3422032 30042003 FALSE FALSE 1M EU Follawing Ob Following
395.776.547 90 0] Annuity 20012003 01012028 30042008 FALSE FaLZE 1M EU following Ok Following

» MoCo representation of the tranches:

TranchesList | Orderid | Name | ISIN |Eurrency|T9pe| InitNom CurrNom Startdate |Enddate| Effdate | Tenurlﬁtubtenur LongStart

TranchesList 1 Claz=zal EUR Mote 171.250.000,00 0,00 30012009 30042043 30.04.2043 30 M FALSE
Lizttr 2 Clazsh2 EUR Mote 1.125.000.000,00 92302 0012009 30042043 20.04.2043 304 M FALSE

3 ClazzB EUR Mate 42 800.000,00 42.200.000,00 0012009 30042043 30042043 304 M FAaLSE

4 ClazsC EUR Mote 28.E00.000,00 28.600.000,00 30012009 30042043 30.04.2043 30 M FALSE

A Claz=D EUR Mote 2.565.000,00 256600000 0012009 30042043 20.04.2043 304 M FALSE

E ClazzE EUR Mate 4 E00.000,00 4 600.000,00 0012009 30042043 30042043 304 M FAaLSE
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Transaction Berica 6

» MoCo representation of the tasklist:

Objectiame | orderid | operation | ObjectReference ObjectFunction Comment
F 1 1 breakif TriggerTable Check 1= Normal . 2 = Clean up. Termination Optiy
" 1 2
" 1 3 Touch_Tranches Technical: Tranches need to be touched ir
" 1 4
" 1 5 Collect_Amounts_Accrue_Interest Collects Amounts in Acc_TMP_Interest, Ac
r 1 6 Interest_Waterfal_LON_Paydays_D0O Follow pre-enforcement interest order of g
" 1 T Principal_Waterfall_ON_Paydays_D0O Follow pre-enforcement principal order of |
" 1 8
r 1 9 Store_Simulation_Date_As_| ast_NotePayday_Date
" 1 10 Controller NextTimeStep
r 2 1 Collect_Amounts_Accrue_Interest
" 2 z
" 2 3 Touch_Tranches Technical: Tranches need to be touched ir
" 2 4
" 2 5 Accrued_Interest_On_Receivables Get
r 2 6 add Acc_TMP_Principal Get
r 2 T add Acc_TMP_Prepayment Get
r 2 8 add Acc_Cash_Account Get
" 2 9 add Swap_Class_f_to_C Get
" 2 10 add Swap_Class_D Get
r z 1 add Cap_Euribor Get
" 2 12 add ReferencePortlolio GetOutstandingPrincipal
" 2 13 sub ReferencePortfolio GetPrincipal
r 2 14 sub ReferencePortfolio GetPrepayment
" 2 15
" 2 16
" 2 17 ClassAl PayDeferedinterest
r 2 18 ClassAl Paylnterest
" 2 19 ClassAl PayFixedPrincipal
" 2 20
r 2 21 ClassAZ PayDeferredinterest
" 2 22 ClassAZ2 Paylnterest
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Valuation output provided by MoCo for transaction Berica 6

» Sample Output:

LobosiISIN Link
ABSICDO 10 number PYPrice
Curreny Rate
Geschihsart Accrual

PavRec
YalDate 010z 2003 OptPyPrice
DiscountCurve ELR_zwap

RelevantTranche Clas=i2

Mominal at YalDate relev. Tr
F¥ spot

PY COOIABS

PY CDOMABS [EUR)

Price [PY rel. To nominal)

Please insert footer
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Summary: d-fine’s approach to value structured credit securitizations

» Independent and transparent valuation of structured credit securitizations on a per-deal basis:
» Valuation based on publicly available data: Offering Circular, investor reports

» Critical and independent analysis of components of the contract and identification of gaps and loopholes which
have the potential to change the value significantly.

> Reference Pool: Cash flow structure resembling interest, redemption structure (regular redemption and
prepayments), defaults and recoveries based on expected cash flows.

> Transparent consideration of waterfalls, triggers, loss buffers
> Thorough and transparent validation of the structure

> Deal specific documentation containing deal interpretation, summary of the distribution of amounts, validation
prOtOCOIS Which Can be used for an independent reView- 0 In-depth analysis of the } Critical analysis of components of the contract

deal based on the
transaction documents

and identification of gaps and loopholes which
have the potential to change the value
significantly.

» Time Estimate per deal is typically between 9-20 person days depending on: @ wesincoreumdeine

pool

Appropriate cash flow structure resembling
interest, redemption structure (regular
redemption and prepayments), defaults and
recoveries from the reference pool.

e Modeling of the waterfall } Modeling of all waterfalls for the distribution

> The quality of the Offering Circular / Contract

structure, relevant triggers of principal, interest, defaults, recoveries,
reinstatements. Modeling of specific ledgers,
excess spreads, overcollateralization, triggers,
swaps etc.

and other relevant

> The complexity of the deal structure contractua components

Validating waterfalls, triggers, ledgers to make
sure that the modeling corresponds to the
understanding of the contract.

> The considered complexity used in the valuation fiﬁ:ﬁ:’;"f"”"’ea'

Documentanon of all steps

» The time average for a deal structure is estimated to be 12 person days.

Transparent and traceable valuation
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