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• Research has been done at ABN AMRO

– Quantitative Consultancy

– Risk Advisory Services

– Liability Driven Investments

This presentation is a personal view, based on research done at ABN Amro in 

2006-2007. 

1. Introduction
Background
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1. Introduction
Research overview
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• Solve Markowitz 

Model

• Use convex 

constraints

• Investigate estimation 

errors

• Periodical fluctuation 

in parameters

Fluctiations in optimal 

portfolio

High transaction 

costs 

• Reduce effect 

parameter fluctuation

• Apply                

Robust Optimization

Stabilize portfolio

Reduce transaction 

costs

Optimize asset 
allocation

Investigate 
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• Portfolio Optimization Theory

• Use volatility as risk measure

• Only first and second moment needed

• Elliptical distribution fully determined by mean and variance

– Gaussian or normal distribution

– Laplace distribution

– Logistic distribution

– And more

2. Markowitz model
Model
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• Risk and return trade-off

2. Markowitz model
Efficient frontier
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Risk

Return

Equity
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2. Markowitz model
Process

• Pick asset classes

• Determine weights

• Rebalance portfolio  Transaction costs
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• Assets n

• Expected returns ɛ

• Covariance Matrix ɋ

• Weights x

• Maximum Risk σ2

2. Markowitz model
Mathematical formulation
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• Assets n

• Expected returns ɛ

• Covariance Matrix ɋ

• Weights x

• Maximum Risk σ2

2. Markowitz model
Mathematical formulation
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• ɛ and ɋ estimated using historical data

• However: 

– What distribution?

– Data sample independent?

– Data sample identically distributed?

– Outliers present?

– Enough data?

– Optimization sensitive to estimation error

3. Parameter uncertainty
Estimation based on assumptions
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• Change model

– Limit number of assets

– Constraint weights

• Statistical methods

– Stein estimation

– Robust statistics

• Scenario analysis

3. Parameter uncertainty
Handling uncertainty (1)
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• Stochastic programming: Describe data by distributions

– Need distributional knowledge

– Computationally very difficult

• Robust Optimization: describe data by uncertainty sets

– No distributional knowledge needed

– But if available, it is useful

– Flexible

– Bounds on performance

– Computationally efficient

3. Parameter uncertainty
Handling uncertainty (2)
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• Standard formulation of Linear Optimization Problem:

4. Conic Optimization
Linear Optimization
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• A set C is called a Cone if:

For every point in the set, the half-line from origin crossing this point, is 

part of the set as well

4. Conic Optimization
Convex Cones

17

CxCx Í²Í" qq :0,



• A set C is called a Cone if:

For every point in the set, the half-line from origin crossing this point, is 

part of the set as well

4. Conic Optimization
Convex Cones
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• A set C is called Convex if:

For every two points in the set, 

The line-segment connecting these 

points is entirely in the set as well.

4. Conic Optimization
Convex Cones
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• General Formulation of Conic Optimization Problem

4. Conic Optimization
Conic formulations
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• Special case: linear optimization

4. Conic Optimization
Conic formulations
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• Special case: linear optimization

4. Conic Optimization
Conic formulations
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• Second Order Cone:

4. Conic Optimization
Conic formulations
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• Standard Second Order Cone Optimization:

4. Conic Optimization
Conic formulations
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• Standard Second Order Cone Optimization:

4. Conic Optimization
Conic formulations
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• Instead of points estimation, uncertainty set

• Uncertainty set for the mean:

– Intervals

– Ellipsoids

5. Robust Optimization
Uncertainty sets
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• How to choose the uncertainty set?

• Sets depend on nominal value 

• and deviation parameter

• Deviation vector: 

– Support of the data

– Standard Deviation

– Semi-variance

– Reflect personal or qualitative preferences

5. Robust Optimization
Uncertainty sets
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• Remember Markowitz:

5. Robust Optimization
Robust reformulation
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• Introduce uncertainty in the mean

– Mean part of interval

• Worst-case optimization

– Maximum minimum expected return

5. Robust Optimization
Robust reformulation
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• Introduce uncertainty in the mean

– Mean part of interval

• Worst-case optimization

– Maximum minimum expected return

5. Robust Optimization
Robust reformulation
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• Introduce uncertainty in the mean

– Mean part of ellipsoid

• Worst-case optimization

– Maximize minimum expected return

5. Robust Optimization
Robust reformulation
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• Introduce uncertainty in the mean

– Mean part of ellipsoid

• Worst-case optimization

– Maximize minimum expected return

5. Robust Optimization
Robust reformulation
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• No distributional knowledge needed

– But useful if available

• Flexible

– No changes in constraints

– Flexible choice uncertainty sets

– Combine with other methods

• Bounds on performance

• Computationally efficient

5. Robust Optimization
Benefits
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• Performance Ratio

6. Empirical results
Compare Performance
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• Best, worst and expected performance

6. Empirical results
Compare Performance
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Performance

Standard Markowitz

Robust Optimization



• What is robustness? 

– Stability of performance

– Stability of portfolio

6. Empirical results
Compare Performance
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• Risk Return profile over time: 

– Same volatility over time

6. Empirical results
Risk Return Profile
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• Composition change portfolio leads to transaction costs

– Transaction costs lower

6. Empirical results
Transaction costs
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• Same Risk and return profile over time

• Lower transaction costs

6. Empirical results
Conclusion
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