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Martin Demel, Application Engineer
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Market Data

Interest rates

Recovery rates

——95% VaR: $798232,
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4 A 4.18%
Losses (in USD)
0.23%
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Credit Risk Modeling with MATLAB

Modeling Data

Transition
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Risk thresholds

Time horizon
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Case Study

[ Historical Data ]

-

Portfolio Data |
Ratings  |€ Rating System

Coupon rates

-

! Modeling Data

Dates a ) Transition
Market Data 3l probabilities I

Industries Interest rates Risk thresholds

Seniorities Recovery rates Time horizon

Credit Value at Risk




| @\ MathWorks

Challenges you are facing today

= Analysis is evolving
— More data
— Larger models

- Markets are changing
— Shifting behavior
— Rapid evolution

= Need for transparency is increasing
— More collaboration
— Extra oversight
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Challenges through the organization

Regulators

Financial

'

Engineer

)

Other groups
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Computational Finance Workflow
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MATLAB - Introduction

MATLAB — Programming Language

MATLAB - Interpreter

MATLAB - Development Environment
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MATLAB — Summary

MATLAB — A Complete Development Environment

MATLAB Editor/Debugger il
= Capture work from history
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4
ontUnits 0in "—
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Computational Finance Workflow

1

Access

Files

Databases

Datafeeds
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Datafeed Toolbox
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Data Analysis and Visualization
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Application Development
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r Share
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The problem at hand: Credit Risk

«  Quantitative credit analyst

= Qverseeing a bond portfolio
— 1311 different obligors
— 12 different industries
— Maturities in 1 to 4 years

- Management asks: “What is the
risk associated with this portfolio?”

&\ MathWorks:
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| @\ MathWorks
Credit Risk Application

« Goal: Develop a tool that can be used for
easy and fast computation of Credit VaR

[ Historical Data]

Portfolio Data )

Ratings ](

Coupon rates

Rating System

£ Y

Modeling Data

Dates % Transition
Market Data 9' probabilities l
Industries Interest rates Risk thresholds
Seniorities Recovery rates Time horizon
_4
\ 8 F4

Credit Value at Risk
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What are our challenges?

= Computing power
— Over 1,000 bonds
— 10,000 simulations

- Ever-changing needs
— Quick to develop
— Easy to adapt

= Increased transparency
— Quick to deploy
— Easy to explain to others

&\ MathWorks:
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Task 1: Calibrating the rating system

- Goal: Develop a classifier that can rate obligors
based on financial information

" Portfolio Data |

[ Historical Data]

Ratings ](

Coupon rates

Dates

Industries

Seniorities

vy

J

Rating System

| Market Data

Interest rates I

Recovery rates

Vs

Modeling data

Risk thresholds

Transition
robabilities

Time horizon

Credit Value at Risk

@\ MathWorks

14



Task 1: Calibrating the rating system

ID WC_TA RE_TA EBIT_TA MVE_BVID S TA

60644 0.049 0.220 0.041 2.400 0.489

Rating System

Ratings

Sub-tasks

1. Import raw data: database and Excel
2. Perform ad hoc data analysis

3. Create a robust classifier

Industry

4\ MathWorks'

6
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Task 2: Estimating transition probabilities

- Goal: Evaluate probabilities of credit up-/downgrades
based on historical information

[ Historical Data]

" Portfolio Data |

Ratings ](

Coupon rates

Rating System

£ Y

Modeling data

Dates r Transition
Market Data 9' probabilities l
Industries Interest rates Risk thresholds
Seniorities Recovery rates Time horizon
_4
\ 8 F4

Credit Value at Risk
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Migration History

07-Jul-05
31-Nov-07
07-Jul-05
02-Dec-08
02-Dec-09
07-Aug-06
27-Sep-08

A
BBB
AAA

AA
AAA
A
AA

&\ MathWorks

Task 2: Estimating transition probabilities

Migration Matrix

BBB
AAA
A

BBB
AA
AA

BBB
AAA
AA

Transition Probability Matrix

0.5
0.5
0
0

0.5
0.5
0.33
0

0
0
0.33
0

0
0
0.33
1
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Task 2: Estimating transition probabilities

Sub-tasks
1. Convert raw data
2.

3. Visualize transition probability matrix

AAA AA A BBB BB B CCC D
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Task 3: Credit risk analysis

= Goal: Calculate credit value at risk for bond

portfolio

" Portfolio Data

Ratings ](

Coupon rates

Dates

Industries

Seniorities
_4

Historical Data

Rating System

Market Data

Interest rates

Recovery rates

|

J

Vs

Modeling data

Risk thresholds

Transition
robabilities

Time horizon

Credit Value at Risk

@\ MathWorks

19



Task 3: Credit risk analysis

Sub-tasks

1. Value bonds

2. Perform Monte Carlo simulation

3. Re-value portfolio for each simulated result

[ Historical Data]

Portfolio Data )

Ratings ](

Rating System

@\ MathWorks

Vs

~

Coupon rates Modeling data
Dates r Transition
Market Data 9' probabilities l
Industries Interest rates Risk thresholds
Seniorities Recovery rates Time horizon
y
\ 8

Credit Value at Risk
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Computational Finance Workflow

1
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Support and Community

@\ MathWorks' | Book Program

B MATLAB

4 MathWorks' | Consulting Services

4\ MathWorks'

‘ MathWorks' | Connections Program

@\ MathWorks' | Training Services
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Review: What are the challenges?

= Computing power
— Over 1,000 bonds
— 10,000 simulations

- Ever-changing needs

— Quick to develop
— Easy to adapt

= Increased transparency
— Quick to deploy
— Easy to explain to others

&\ MathWorks:
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MATLAB'’s solutions

= Computing power
— Fast engine, thousands of functions
— Parallel computing

= Flexible tools
— GUIs for ad hoc analysis
— MATLAB Central

= Increased transparency
— Report generation
— Quick to deploy.. after the break

4\ MathWorks
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Accessing Data from

Access

= Files

— Excel, text, or binary
— Multimedia, scientific

— Web, XML

Applications and languages
— C/C++, Java, FORTRAN

MATLAB

«): Import Wizard

-Select Column Separator(s

¢ Eomma (" Space

(" Semicolon % Tabh  Other

Preview of Clipboard

Number of text header lines: IE

&\ MathWorks

S [=3|

35.9662 35.37638
34.40526
35.15146
36.55117
35.82483
32.12614
33.56662
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1

— COM, .NET, shared libraries =/

— Databases

34.58519 2~ || A_pastespecial
33.50167 33.00978 1 F 3 4
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F8.z3797 33.0665 5 35,8247 35.6264 34,6389 4.425¢
33.19663 32.55285 f 341781 34738 A3.MAES A7 74F
EF]-) HOF Import Tool =[5 x|
5q File Help
33| View | File as HOF-E0S Metadsta I
ke |2 s s TS Name: DecorrelationStretchSWIR
32| B4 datafie hdt Dimensions:
31 -4 DecorreitionSiretchSyiR Name: ImageLine e
32 i Data Fields Size: 2100
Name: ImagePizel
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Size: 2490
* Banc =l
+ Bancg “Import; HDF-EOS Swath
Detaset hame.
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® GeodeticLatiude Unte: Decimal egiees || o
e — Subsetting Method Corner 1 st o
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B S Longiude __ Latitude S
" Direct Index fr——

- Corner 2
 Genoraphic Bt

Longtude  Latitude:

© Time

" User-defined

Cross Track Inclusion Mode |~

Gealocation Mode | Internal | ¥

imension or Field Name  Min Maix

Ditimageline
Dhtimageline

Workspace Vari
jQa,_DataPlane

™ Impart Metasats

Help | Resetto defaults | Import |

MATLAR Command [Eand? = hdfread('D: MATLAE Watafile hdf' DecorrelationStretchSAIR: Fields' Band?’)
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Data Analysis and Visualization in MATLAB

Explore & Discover

Confidente regions

= Data analysis
— Manipulate, preprocess, and
manage data

— Fast, accurate analysis with pre-built
math and engineering functions

Beta likeliood funciion

Visualization
— Built in graphics functions for
engineering and science
(2D, 3D, VolViz)
— Interactive tools to annotate and
customize graphics




Expanding the Capabilities of MATLAB

Explore & Discover

=  MathWorks add-on tools for:

Statistics and curve fitting
Signal and image processing

System identification and
control system analysis

Neural networks and fuzzy logic
Optimization

Model-based calibration and more ...

= Partner products for:
— Additional interfaces

Domain-specific analysis
Niche applications

4\ MathWorks'
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Sharing Results from MATLAB

= Automatically generate
structured reports

— Published MATLAB files
— MATLAB Report Generator

= Feed your results into
downstream design tools

= Deploy applications to
other environments

Share

=100 x]

File Edit Wiew Debug Desktop Window Help e
@ b C: b Demos b EnergyForecast » - @"
D IName £ |

& html -

- AT e
J 2006Da‘ Eile Edt Wew Go Debug Desktop Window Help u
‘j createﬁg - s | 2 ‘ &h | Locatlon:IFl\E:HiC:J‘DemusjEnergyFUrEcastjhtm\fl‘f'!alnﬂnalys\s.htm\ =1

=

% createSi
[4) finalFit.s
) importfil
%) MainAng

Energy Forecast Demo

This demo showcases visualization and analysis for forecasting energy
demand based on historical data. We have access to hour-by-hour
utility usage for the year 20086, including information on the day of the
week and the ambient temperature. Using this information, we will come
up with a model for forecasting future energy demands based on
parameters such as temperature and time of day.

Contents

+ Import
+ Preprocessin

+ |nitial Exploration of Data
+ Custom Visualization

+ Surface Fittin

+ Conclusion

Import

The first step in our process is to import the data from the Excel file.
importfile('2006Data.xls");

Preprocessing

4 | o

B
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12 Local Workers: Parallel Computing Toolbox

Easily experiment with explicit

‘Isﬂﬁﬁ parallelism on multi-core machines
Toolbo

Rapidly develop parallel
applications on local computer

1

- Take full advantage of desktop
power

Separate computer cluster not
required

29



Deploying with MATLAB

GUI Building Visualization

Algorithm Development
Analysis

Bloomberg Simulation

REUTERS!

4\ MathWorks

Enhancement Requests

Portfolio
Managers,

Traders,

Deploy Model

Traditional prototype to production system port
... development timeline 2 weeks ~ 6+ months

MATLAB prototype to production system

%

... Push button in the new project manager

30
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Deploying Applications with MATLAB

=  Give MATLAB code to

\
other users .» MATLAB
= Share applications with MATLAB Compiler
end users who do not
have MATLAB MATLAB MATLAB MATLAB

Builder EX Builder JA Builder NE

— Use MATLAB Compiler
to create standalone
executables and

shared libraries
MATLAB x
— Use MATLAB Compiler . ‘ Addon @ @

add-ons to create
software components

31
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Deploying to C/C++ with MATLAB Compiler

MATLAB

Toolboxes

VATLAB MATLAB End-User
) Application Desktop Machine

MATLAB Compiler




