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OUTLINEOUTLINE

•What is SP? – “Definition”
• Basic Concepts – Terminology 
• Common modeling forms/approaches of SP
• Need and Value of SP  
• Overview of solution methods
• Sample Applications (emphasis on Finance)
• Active research domains
• Information sources



Traditional Perceptions:

Uncertainty gives rise to Risk
Risk is “bad” – should be avoided when possible

Uncertainty is “bad”

BUT Uncertainties are inevitable (often exogenous)

Risk & Uncertainty should be managed, 
but can not be totally eliminated

Even if risk can be eliminated, is this always a preferable strategy?
At what cost? Sacrifice of upside potential? Flexibility?



Traditional Perceptions:

“Predicting the future … is hard (next to impossible)”.

BUT can uncertainty about the future be ignored?

Costs can be substantial.
Extreme events are bound to occur – Their effects can be catastrophic.

Themes:

Risk Management is a BIG business $$

Managing Risk does not mean eliminating risk.

OR/MS provide powerful tools to support improved risk management.

Key tools: Stochastic Modeling, Optimization, Derivative Pricing.



“Definition”:
Stochastic programming is a framework for modeling optimization problems 
that involve uncertainty. Whereas deterministic optimization problems are 
formulated with known parameters, real world problems almost invariably 
include some unknown parameters. When the parameters are known only 
within certain bounds, one approach to tackling such problems is called robust 
optimization. Here the goal is to find a solution which is feasible for all such 
data and optimal in some sense. Stochastic programming models are similar in 
style but take advantage of the fact that probability distributions governing the 
data are known or can be estimated. The goal here is to find some policy that is 
feasible for all (or almost all) the possible data instances and maximizes the 
expectation of some function of the decisions and the random variables. More 
generally, such models are formulated, solved analytically or numerically, and 
analyzed in order to provide useful information to a decision-maker. 

“COSP information site”

http://buffy.eecs.berkeley.edu/IRO/Summary/00abstracts/elghaoui.1.html
http://buffy.eecs.berkeley.edu/IRO/Summary/00abstracts/elghaoui.1.html
http://buffy.eecs.berkeley.edu/IRO/Summary/00abstracts/elghaoui.1.html


Common Perception (“Reputation” of SP):

interesting, potentially useful, nice theory

BUT …

conceptually difficult, impractical, computationally demanding

Undeserved today, and much more in the future:

Significant algorithmic & theoretical developments

Large-scale computational implementations

Exploitation of high-performance computing capabilities

Many practical applications – track record

Improved understanding of models

SP provides decision support tools to:

Account for uncertainty, Explore/Exploit/Reveal the value of flexibility



Overview: 

Source: John R. Birge (http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html) 

http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html
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Source: Maarten van der Vlerk (http://mally.eco.rug.nl/lnmb/lnmb.html) 

http://mally.eco.rug.nl/lnmb/lnmb.html


BUT solutions are different for each scenario 
… which one to implement?

Source: Maarten van der Vlerk (http://mally.eco.rug.nl/lnmb/lnmb.html) 

http://mally.eco.rug.nl/lnmb/lnmb.html
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Vehicle allocation example

Source: John R. Birge (http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html) 

http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html


Vehicle allocation – Mean Value Solution

Source: John R. Birge (http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html) 

http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html


Expectation of Mean Value Model

Source: John R. Birge (http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html) 

http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html


Stochastic Program

Source: John R. Birge (http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html) 

http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html


Stochastic Programming Solution

Source: John R. Birge (http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html) 

http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html


Information and Model Value

Source: John R. Birge (http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html) 

http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html


Model & Information Value

Source: John R. Birge (http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html) 

http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html


Fundamental Concepts
Scenario Tree (Discrete representation of uncertainty)
SP Recourse Models
Non-anticipativity
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Solution Approaches

Source: John R. Birge (http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html) 

http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html


Classes of SP Solution Algorithms

Source: John R. Birge (http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html) 

http://users.iems.nwu.edu/~jrbirge/html/talks/talks.html


Sample Applications of SP

•Finance (later)
• SCM, Logistics, Distribution, Transportation
• Production Planning
• Capacity Planning
• Energy (power plant management, unit commitment)
• Natural Resources Management

Forestry, Fisheries, Agriculture, Lakes
• Yield/Revenue Management
• Risk Management



SP & Finance

Financial Modeling is a particularly fertile domain for SP.
A very active research field – significant contributions, 
Continual advancements, important practical applications

Some of the Reasons:
Continual stream of challenging/important problems
Sophistication of sector – rich underlying background, receptiveness
Volatility – obvious impact of uncertainties
High availability of data
Validation potential - benchmarking
$$ and high stakes
Suitability of problems for SP models:
Liquid markets – recourse flexibilities
Diversity of instruments/securities (hedging instruments)



Representative SP Applications in Finance

• Portfolio management
Cash management, Fixed-income securities, MBS, International

• Asset and Liability Management 
Pension funds, Insurance contracts, Personal finance

• Financial Risk Management
• Design of Financial Products
• Real Options (Integer SP)

Two Finalists for the Edelman Prize of Best Achievement in MS:
• 1993, Russel-Yasuda-Kasai Model (Insurance), W.T. Ziemba, et al.
• 1999, Towers-Perrin Model (Global Asset Mgmt.), J.M. Mulvey, et al.



Active Research Domains

Applications (Increasing application base and extensions)
Exploitation of Computational GRIDS
Scenario Generation Procedures (& Scenario Reduction Techniques)
Approximation Schemes & Sampling-based Methods
Modeling Tools
Bounding Methods
Output Analysis
Development of Alternative/Sophisticated Risk Measures
Financial Risk Management
Specialized Algorithms
Stochastic Integer Programming



WWW Resources on SP

• The Committee on Stochastic Programming (COSP – MPS)
“Stochastic Programming Community Homepage” http//stoprog.org

• Optimization Technology Center, Argonne National Lab
http://www-fp.mcs.anl.gov/otc/Guide/OptWeb/continuous/constrained/stochastic/
NEOS Server for Optimization:   http://www-neos.mcs.anl.gov/

• IBM Research Group in Stochastic Programming
http://www.research.ibm.com/stopro/

• Stochastic Optimization Research Group, 
Georgia Institute of Technology http://www.isye.gatech.edu/so/

• The MORE Institute, University of Arizona
http://tucson.sie.arizona.edu/MORE/

http://www.stoprog.org/
http://www-fp.mcs.anl.gov/otc/Guide/OptWeb/continuous/constrained/stochastic/
http://www-neos.mcs.anl.gov/
http://www.research.ibm.com/stopro/
http://www.isye.gatech.edu/so/
http://tucson.sie.arizona.edu/MORE/


Groups:
• Centre for Financial Research, Judge Institute of Management, Cambridge University

http://www-cfr.jims.cam.ac.uk/
• Risk Management and Financial Engineering Lab, University of Florida

http://www.ise.ufl.edu/rmfe/
• HERMES European Center of Excellence on Computational Finance and Economics,

University of Cyprus 
http://www.hermes.ucy.ac.cy

• Centre for Analysis of Risk and Optimisation Modelling Application (CARISMA),
Brunel University 

http://carisma.brunel.ac.uk/

• Other (Un. St. Gallen, Un. Vienna, ETH-Zurich, Un. Karlsruhe, Erasmus Univ., etc.)

http://mally.eco.rug.nl (Maarten van der Vlerk, Univ. of Groningen,
– bibliographic database & other links)

http://iems.northwestern.edu/~jrbirge/ (John R. Birge, Northwestern Univ.)

http://www-cfr.jims.cam.ac.uk/
http://www.ise.ufl.edu/rmfe/
http://www.hermes.ucy.ac.cy/
http://carisma.brunel.ac.uk/
http://mally.eco.rug.nl/
http://iems.northwestern.edu/~jrbirge/


SP & Financial Modeling Books/Volumes:
J.R. Birge, F.V. Louveaux, Introduction to Stochastic Programming, Springer-Verlag, 

1997.

P. Kall, S.W. Wallace, Stochastic Programming, Wiley, 1994.
Available for free: www.unizh.ch/ior/Pages/Deutsch/Mitglieder/Kall/bib/ka-wal-94.pdf

A. Prékopa, Stochastic Programming, Kluwer, 1995.

A Ruszczyński, A. Shapiro, Stochastic Programming, Series “Handbooks in Operations
Research and Management Science”, Vol. 10, Elsevier, 2003. 

S.W. Wallace, W.T. Ziemba (eds.), Applications of Stochastic Programming, SIAM,
(forthcoming, 2003).

Annals of Operations Research, Kluwer:
• “Financial Modeling & Risk Management” – 2 volumes?, H. Vladimirou (ed.) 
• Vol. 100 (2000), J.R. Birge, C. Edirisinghe, W.T. Ziemba (eds.)
• Vol. 85 (1999), R.J-B Wets, W.T. Ziemba, (eds.)
• Vol. 64 (1996), S.W. Wallace, J. Higle, S. Sen (eds.)

http://www.unizh.ch/ior/Pages/Deutsch/Mitglieder/Kall/bib/ka-wal-94.pdf


SP & Financial Modeling Books/Volumes: (cont.)
S.A. Zenios (ed.), Financial Optimization, Cambridge University Press, 1993.

W.T. Ziemba, J.M. Mulvey, Worldwide Asset and Liability Modeling, 
Cambridge University Press, 1998.

J. Dupačová, J. Hurt, V. Stépan, Stochastic Modeling in Economics and Finance, 
Kluwer, 2002.

S.A. Zenios et al., Practical Financial Optimization, Blackwell, (in progress) 
– 2 volumes, including GAMS models.

W.T. Ziemba, The Stochastic Programming Approach to Asset, Liability and Wealth
Management, AIMR (forthcoming, 2003).

Handbooks in Finance, Elsevier: http://www.elsevier.com/homepage/sae/hf/menu.htm
• “Heavy Tailed Distributions in Finance”, S.T. Rachev (ed.), 2003.
• “Asset and Liability Management”, S.A. Zenios, W.T. Ziemba (eds.) – forthcoming

(and several more).

G. Szegö (ed.), “Beyond VaR”, Feature Volume, Journal of Banking and Finance, 26(7),
July 2002 – also a followup volume to be published by Wiley.

http://www.elsevier.com/homepage/sae/hf/menu.htm

	Brief Introduction to Stochastic Programming(and Financial Modeling Applications)
	OUTLINE
	“Definition”:
	Overview:
	Vehicle allocation example
	Vehicle allocation – Mean Value Solution
	Expectation of Mean Value Model
	Stochastic Program
	Stochastic Programming Solution
	Information and Model Value
	Model & Information Value
	Fundamental Concepts
	Solution Approaches
	Classes of SP Solution Algorithms
	Sample Applications of SP
	SP & Finance
	Representative SP Applications in Finance
	Active Research Domains
	WWW Resources on SP
	Groups:
	SP & Financial Modeling Books/Volumes:
	SP & Financial Modeling Books/Volumes: (cont.)

