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Overview

• Why Optimized Portfolios Are Not Robust?

- Ex-Post Performance and Multi-period Backtests

• Robust Optimization with SOCP (Second Order Cone 

Programming)

- Equivalence to the Quadratic Penalty 

.    Two-Stage Optimization

- Make a Portfolio Optimization Process (POP) Robust

.    “Less is More”

- One-period Static Optimization might be Over-Analyzed

• Closing Remarks
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An Example

• Long-Only Active Portfolio Benchmarked to Russell 2000 Growth

• Max Alpha (Predicted)

• Tracking Error no more than 4.75%

• Security level active-weight bounds

• Beta neutral to the benchmark

• Tcost ( 25 bps impact + 3¢/share)

• No more than 200 securities in the portfolio



Initial Portfolio

Annualized Performance A B C
Active Returns 3.67% 3.71% 3.41%

Active Returns (after Tcost) 0 80% 0 84% 0 54%Active Returns (after Tcost) 0.80% 0.84% 0.54%

Active Risk 4.62% 4.59% 4.74%

Tcost Impact -2.89% -2.89% -2.89%





Initial PortfolioInitial Portfolio

Annualized Performance A B C

Active Returns 0.50% 1.84% 0.06%

Active Risk 4.75% 4.81% 4.51%

Tcost Impact -0.20% -0.21% -0.26%



Does Robust Optimization help?
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What is Robust MVO?



What is Robust MVO?



What is Robust MVO?



Our Results
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A Big Question



A Mistake in the Current Robust MVO Formulation



A Mistake in the Current Robust MVO Formulation



What is the Remedy?

• Robust MVO does not differ much from regular MVO, 

it is equivalent to the quadratic penalty function 

method;

• Robust MVO requires to estimate another set of 

parameters;

• Robust Optimization is a one-period static solution. 



Two-Stage Optimization --- A Solution

• Stage 1: Find a path-independent “ideal” portfolio

• Max Alpha • Max Alpha 

1a. The Tracking Error upper bound;

1b  Li  id t i t  (S h  it l l b d  f t1b. Linear side-constraints; (Such as security-level bounds, factor-

bets);

1  U  b d  b  f i i  ( i l)1c. Upper bound on number of securities (optional).

• Stage 2:  Find the tradable portfolio

Max Utility Function

same constraints as Stage 1, 1c) shall be included. 

Utility Function =  alpha – λ (tracking_err vs. ideal portfolio)^2

- μ (Tcost against the legacy portfolio)



Two-Stage vs. One-Stage



Two-Stage Optimization



Two-Stage Optimization --- A Solution

• tradable portfolio 

=Function ( alpha, risk model, bounds, legacy portfolio, λ, μ)

• How to decide λ and  μ is an art. 



Two-Stage Optimization

Initial Portfolio

A B C

Active Returns 1.82% 1.66% 1.94%

Initial Portfolio

A B C

Active Returns 1.84% 0.50% 0.06%

Active Risk 4.20% 4.28% 4.20%

Tcost Impact -1.43% -1.44% -1.42%

Two-Stage Optimization

Active Risk 4.75% 4.81% 4.51%

Tcost Impact -0.20% -0.21% -0.26%

One Stage Tcost OptimizationOne-Stage Tcost Optimization



Two-Stage vs. One-Stage



Two-Stage vs. No-Tcost Optimization



Initial Portfolio

Annualized Performance A B C
Active Returns (Two-Stage) 1.82% 1.66% 1.94%

Active Returns (No-Tcost Opt) 0.80% 0.84% 0.54%

Active Risk 4.57% 4.55% 4.69%

Tcost Impact  (Two-Stage) -1.43% -1.44% -1.42%

Tcost Impact  (No-Tcost Opt) -2.89% -2.89% -2.89%



Less is More

• It might not be a good idea to over-analyze the one-period static 

optimization problemsoptimization problems

• How to make a Portfolio Optimization Process (POP) Robust?

1)  form a maximization problem that is concave if possible;) p p ;

having a unique optimal solution is even better (When the risk model is 

a  positive-definite matrix and risk budget is binding).

2) Constraints that limit number of securities in a portfolio may cause 

the optimization problem non-concave, risk-targeting is a bad idea.

3) Find and understand a series of path-independent portfolios. The PMs 
don’t need to trade on these portfolios, but they are better to know these 
portfolios. 

4) Including transaction cost and market impact into the POP, or adding 
turnover constraints may create a series of path-dependent portfolios.



Less is More

• The Portfolio Optimization Process (POP) uses ex-ante 

data to achieve an ex-post goal, and it is a single-period 

proxy to a multi-period stochastic problems.

• The MVO pioneered by Markowitz was developed 

originally to trade-off between risks and returns

• Currently Optimizer is used as a portfolio construction 

tool, sometimes, the tool to create a tradable portfolio. 



Recommendations

. 

Run a Two-Stage Optimization (It requires an optimizer that canRun a Two Stage Optimization (It requires an optimizer that can 

handles the 2nd Benchmark.)

If not, run an optimization ignoring Tcost/Turnover to ensure path-

independent.

G. Sofianos, S. Takriti and I. Tierens. (2007) Including Trading Costs 

in Portfolio Optimization. Equity Execution Strategies, Goldmanin Portfolio Optimization.  Equity Execution Strategies,  Goldman 

Sachs. 



Closing Remarks

R b t MVO i i l t t th Q d ti P lt F ti• Robust MVO is equivalent to the Quadratic Penalty Function 

Approach

“ L i M ”• “ Less is More” 

• Two-Stage Optimization Enhances Robustness


