A Seguential Linear
Programming Algerithm
eI Poliiclier ©ptimizaiion

i GIEE

MSCI 331 Operations Research 1
Richard Hui, Rajesh Swaminathan, Sarah Vandalyar

November 30, 2006



Discussion Plan

= Problem Description

n Mathematical Moedel (Markewitz)

m Solution Approeach

s Implementation, Implications, Savings
a Computational Experiment

n Q& A



Overview of Portfielio Optimization

s Definitions:
m Portfolio
m Risk
s Return
n Correlation
m Asset weights

m GE Asset Management manages
Investment portfolios on behalf of clients




Problem at GE

= Optimization ofi non-linear problems was
peyond computational limits ef solvers

m Concerns posed by simple P
appreximations

m Previous algoenthms, because of time
constraints, could be run only after market
variables changed, not before




Assumptions

m Investors are risk averse; they prefer less
risk to more for the same level of

expected return

s Expected returns, variances and
covariances of all assets are known

n Ilgnoere skew and kurtesis ofi distribution
= No transaction costs or taxes




Mathematical Model

m Decision Variables
Asset weights w,, w,, and w;,
= Objective Function

MIN o :Zn:Zn:WiWJ.Cov(Ri R;)

i=1 j=1

m Constraints
Weight constraints ZW =1

Fixed return E(R )= Zw E(R,)=z2

Non-negativity > O j =12,3,..



Markowitz Model

n Objective: Generate the minimum. variance frontier
s Find the lowest risk for a given level of return

oTd. Lewldation
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Sequential Linear Programming
(SLP) Ovenview
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SLP zolutions




SLP Algorithm

Generate highest return by eliminating risk
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Choose suitably small ¢

i=0
| Compute the tangent of the risk function at the
- previously generated solution
+
= |
Solve the next LP along the efficient frontier with return -¢
Yes

risk level > risk ...) and (return > return

) 2

min




SLP Example for 2 Assets

Linear
constraints

Feasible
region
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SLP Example for 2 Assets

Monlinear
risk contour

Tangent
plane

Jiw) = flwg)

11



SLP Example for 2 Assets
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Implementation and Savings

= Implementation
m Algorthm coded inf MATLAB
m \Web-based Java interface using JMatlLink
m Deployed on GE's Intranet

= Benefits
n Polynomial-time versus exponential-time
m Managers can run algenthm multiple times
s Optimized over 30 portfolios valued at $30 billion
m Expected benefits total $75 million over five years

m Limitations

s Uses historical data to predict future trends
s Model works only for convex risk functions
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Computational Expernment

Choice of Stocks: RIM, _
Gap, Ballard andard S 62
qued iIn MATLAB using gf;g

'L]_np fog Ballard

Minimum Variance

Frontier

Linear Risk Appreximation
(Taylor)

Advantages to
Diversification
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Closeness ofi Approximation
LPvs. OP

Minimum-Yarance Frontier: Gap Inc., RIM, and Ballard
115
-~ neflicient Frontier
110 | —#— Efficient Frontier
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Questions?
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