Putting Mathematica to work:
Integrated Value-at-Risk Modeling

Statement of the Problem

To demonstrate some useful feature®Mathematicas design, we turn to Benninga and Wiener's shqreéppan Value-at Risk (VaR), the
modern risk-measuring index. VaR is defined addhest quantile of the potential losses that casupwvithin a given portfolio during a
specific time period. The time periddand the confidence levglare the two major parameters, which are chosesfudgrand are
dependent upon the goal of the risk managementléiagy reporting, corporate risk management, ek} example, suppose that a
portfolio manager has a daily VaR equal to $1 omillat 1%. This means that, assuming normal maxkeditions, there is only one
chance in a hundred that there will be a daily lmgger than $1 million. While this problem canésesily stated, finding a solution can
frequently be computationally difficult.

The Single Asset Problem: Loading Mathematica Packages and
Constructing a Model

First, we load the relevant add-on packages andiaskematicato find the 5% VaR of $100 million invested iniagle asset, lognor-
mally distributed with expected return of 10% amdiance of 30%. This is stated formally below (H2000).

Log(vr) ~ Normal[(u - %2) T + Log(v), O'T]

.3
100—Exp[Q.|antiIe[NorrTaIDistribution [Log[lOO] + [.1- TJ .3], .05]]
35. 4968

In other words, there is a 5% chance that $100amilhvested in this single asset will lose morant$35,496,800.
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Accounting for Correlations: Matrix Algebra with Mathematica

Of course, real portfolios have more than one agy® key difficulty in modeling the behavior ofrgfolios with more than one asset is
measuring, and then accounting for, correlationthénmovement of asset prices. The above modelvisgeneralized to accommodate
three assets, the prices of which are lognormadlyiduted (meaning that returns are normally disted).

Portfolio size = $100 million

X1 0. 30
Portfolio allocation =x= | X» |=| 0.25 |,
X3 0. 45
Ha
Mean returnsg= | L2 |,
H3

011 O12 013
Variance-covariance S= | 021 022 023

O31 032 033
This program will work in three pieces. First, sopreliminary definitions are made.

X =Table[x;, {i, 3}1;

S=Table[ai j, {i, 3}, {i, 3}];

means = Tabl e [ux, {k, 3}1;

portfolioMean [X_, neans_, initial _]:=X neans *initial;
portfolioSigma[X_, S_, initial _]1:=Sqrt [X. S. X]«initial;

portfolioMean [X, neans, initial]
portfolioSigma[X, S, initial]

initial (X1u1+ X2z + Xz Hz)

initial \/X]_ (Xl 01,1 + X2 02,1 + X3 03,1) + X2 (Xl 01,2 + X2 02,2 + X3 03'2) + X3 (X]_ 01,3 + X2 02,3 + X3 03'3)

Then, we can add in some numerical data and rdatdciine portfolio's expected return and variance.

X ={0.3, 0.25, 0.45};
means = {0.1, 0.12, 0.13};
initial =100;
0.10 0.04 0.03
S=(0.04 0.20 -0.04|;
0.03 -0.04 0.60

portfolioMean [X, neans, initial]
portfolioSigma[X, S, initial]

11.85

38. 4838
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Bringing Everything Together: Writing Mathematica Functions

Finally, all of the pieces above are combined tibeathe new multivariate VaR for the portfolio.

VaR[X_, s_, initial _, level _]1:=
initial -Quantile[
Nor mal Di stri bution [
portfolioMean [X, neans, initial ],
portfolioSigma[X, s, initial 11, level ];

We can now look at VaR calculations for 1%, 5%, a6eél.

level = {.01, .05, .10};
VaR[X, S, initial, level]

{177.677, 151.45, 137.469}

Given the stated parameters, we can say thatdoeayear horizon, there is a 1% chance of losingertttan $177 million, a 5% chance
of losing more than $151 million, and a 10% chamiclesing more than $137 million.

The Next Step: Databases, Monte Carlo Simulations, and Building a
Real System

While these two problems demonstrate the basipsdta VaR calculation iMathematica modeling of real-world returns requires more-
involved calculations of the asset correlationsnfrempirical data. Benninga and Wiener's paper daivere deeply into this process,
including the techniques of risk mapping, histdrgienulation, variance-covariance techniques, dedMonte Carlo approach. Interested
readers are strongly encouraged to download thliso#trer white papers. To assist in the implemeotatif Mathematicain your firm,
Wolfram Research Account Executives can recommdathematicaconsultants in your region, tools to libkathematicato your
database, and tools to value derivative instruments

Note: All of the code used in this example was modifiean the article "Value-at-Risk (VaR)" by Simon Begnga and Zvi Wiener. The
article is a more thorough introduction to this jsgb and may be downloaded in PDF file format from
http://finance.wharton.upenn.edu/~benninga/wietet.h



