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Discussion PlanDiscussion Plan

Problem DescriptionProblem Description
Mathematical Model (Mathematical Model (MarkowitzMarkowitz))
Solution ApproachSolution Approach
Implementation, Implications, SavingsImplementation, Implications, Savings
Computational ExperimentComputational Experiment
Q & AQ & A
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Overview of Portfolio OptimizationOverview of Portfolio Optimization

Definitions:Definitions:
Portfolio Portfolio 
RiskRisk
ReturnReturn
CorrelationCorrelation
Asset weightsAsset weights

GE Asset Management manages GE Asset Management manages 
investment portfolios on behalf of clientsinvestment portfolios on behalf of clients
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Problem at GEProblem at GE

Optimization of nonOptimization of non--linear problems was linear problems was 
beyond computational limits of solversbeyond computational limits of solvers
Concerns posed by simple LP Concerns posed by simple LP 
approximationsapproximations
Previous algorithms, because of time Previous algorithms, because of time 
constraints, could be run only after market constraints, could be run only after market 
variables changed, not beforevariables changed, not before
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AssumptionsAssumptions

Investors are risk averse; they prefer less Investors are risk averse; they prefer less 
risk to more for the same level of risk to more for the same level of 
expected returnexpected return
Expected returns, variances and Expected returns, variances and 
covariancescovariances of all assets are knownof all assets are known
Ignore skew and kurtosis of distributionIgnore skew and kurtosis of distribution
No transaction costs or taxesNo transaction costs or taxes
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Mathematical ModelMathematical Model
Decision Variables
Asset weights w1, w2, and w3

Objective Function

Constraints

Weight constraints

Fixed return

Non-negativity
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MarkowitzMarkowitz ModelModel

Objective: Generate the Objective: Generate the minimum variance frontierminimum variance frontier
Find the lowest risk for a given level of return Find the lowest risk for a given level of return 
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Sequential Linear Programming Sequential Linear Programming 
(SLP) Overview(SLP) Overview
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Generate highest return by eliminating risk

Choose suitably small ε

Compute the tangent of the risk function at the 
previously generated solution

Solve the next LP along the efficient frontier with return -ε
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SLP AlgorithmSLP Algorithm
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SLP Example for 2 AssetsSLP Example for 2 Assets
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SLP Example for 2 AssetsSLP Example for 2 Assets
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SLP Example for 2 AssetsSLP Example for 2 Assets



13

Implementation and SavingsImplementation and Savings
ImplementationImplementation

Algorithm coded in MATLABAlgorithm coded in MATLAB
WebWeb--based Java interface using based Java interface using JMatLinkJMatLink
Deployed on GEDeployed on GE’’s Intranets Intranet

BenefitsBenefits
PolynomialPolynomial--time versus exponentialtime versus exponential--timetime
Managers can run algorithm multiple timesManagers can run algorithm multiple times
Optimized over 30 portfolios valued at $30 billionOptimized over 30 portfolios valued at $30 billion
Expected benefits total $75 million over five yearsExpected benefits total $75 million over five years

LimitationsLimitations
Uses historical data to predict future trendsUses historical data to predict future trends
Model works only for convex risk functionsModel works only for convex risk functions
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Computational ExperimentComputational Experiment
Choice of Stocks: RIM, Choice of Stocks: RIM, 
Gap, BallardGap, Ballard
Coded in MATLAB using Coded in MATLAB using 
linproglinprog

Minimum Variance Minimum Variance 
FrontierFrontier
Linear Risk Approximation Linear Risk Approximation 
(Taylor)(Taylor)
Advantages to Advantages to 
DiversificationDiversification
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Closeness of ApproximationCloseness of Approximation
LP vs. QPLP vs. QP
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Questions?Questions?
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