
Ywata de Carvalho, Alexandre; Puterman, Martin L.

Working Paper

Dynamic optimization and learning: How should a
manager set prices when the demand function is
unknown?

Discussion Paper, No. 158

Provided in Cooperation with:
Institute of Applied Economic Research (ipea), Brasília

Suggested Citation: Ywata de Carvalho, Alexandre; Puterman, Martin L. (2015) : Dynamic
optimization and learning: How should a manager set prices when the demand function is
unknown?, Discussion Paper, No. 158, Institute for Applied Economic Research (ipea), Brasília

This Version is available at:
https://hdl.handle.net/10419/220247

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your
personal and scholarly purposes.

You are not to copy documents for public or commercial
purposes, to exhibit the documents publicly, to make them
publicly available on the internet, or to distribute or otherwise
use the documents in public.

If the documents have been made available under an Open
Content Licence (especially Creative Commons Licences), you
may exercise further usage rights as specified in the indicated
licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/220247
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


158

DYNAMIC OPTIMIZATION  
AND LEARNING: HOW SHOULD  
A MANAGER SET PRICES WHEN  
THE DEMAND FUNCTION  
IS UNKNOWN? 

Alexandre X. Carvalho
Martin L. Puterman

Originally published by Ipea in September 2005 as  
number 1117 of the series Texto para Discussão.





DISCUSSION PAPER

158
B r a s í l i a ,  J a n u a r y  2 0 1 5

Originally published by Ipea in September 2005 as  
number 1117 of the series Texto para Discussão.

DYNAMIC OPTIMIZATION  
AND LEARNING: HOW SHOULD  
A MANAGER SET PRICES WHEN  
THE DEMAND FUNCTION  
IS UNKNOWN?1

Alexandre X. Carvalho2 
Martin L. Puterman3 

1. Agradecimentos/Acknowledgments
This research was partially supported by NSERC and the MITACS NCE (Canada). We wish to thank Dan Adelman for his 
helpful comments on an earlier draft of this manuscript. We are also thankful for the suggestions provided by participants at the 
Canadian Operations Research Society Annual Meeting 2003, Vancouver, and at the INFORMS Annual Meeting 2003, Atlanta.
All errors are the authors’. The findings, interpretations, and conclusions expressed in this paper are entirely those of the authors.
2. Directorate of Regional and Urban Studies, Institute of Applied Economic Research (Ipea)/Diretoria de Estudos Regionais 
e Urbanos (Dirur), Instituto de Pesquisa Econômica Aplicada.
3. Director of Centre for Health Care Management, Sauder School of Business, University of British Columbia.



DISCUSSION PAPER

A publication to disseminate the findings of research 

directly or indirectly conducted by the Institute for 

Applied Economic Research (Ipea). Due to their 

relevance, they provide information to specialists and 

encourage contributions.

© Institute for Applied Economic Research – ipea 2015

Discussion paper / Institute for Applied Economic

Research.- Brasília : Rio de Janeiro : Ipea, 1990-

ISSN 1415-4765

1. Brazil. 2. Economic Aspects. 3. Social Aspects. 

I. Institute for Applied Economic Research.

CDD 330.908 

The authors are exclusively and entirely responsible for the 

opinions expressed in this volume. These do not necessarily 

reflect the views of the Institute for Applied Economic 

Research or of the Secretariat of Strategic Affairs of the 

Presidency of the Republic.

Reproduction of this text and the data it contains is 

allowed as long as the source is cited. Reproductions for 

commercial purposes are prohibited.

Federal Government of Brazil

Secretariat of Strategic Affairs of the 
Presidency of the Republic 
Minister Roberto Mangabeira Unger

A public foundation affiliated to the Secretariat of 
Strategic Affairs of the Presidency of the Republic, 
Ipea provides technical and institutional support to 
government actions – enabling the formulation of 
numerous public policies and programs for Brazilian 
development – and makes research and studies 
conducted by its staff available to society.

President
Sergei Suarez Dillon Soares

Director of Institutional Development
Luiz Cezar Loureiro de Azeredo

Director of Studies and Policies of the State,
Institutions and Democracy
Daniel Ricardo de Castro Cerqueira

Director of Macroeconomic Studies  
and Policies
Cláudio Hamilton Matos dos Santos

Director of Regional, Urban and Environmental
Studies and Policies
Rogério Boueri Miranda

Director of Sectoral Studies and Policies,
Innovation, Regulation and Infrastructure
Fernanda De Negri

Director of Social Studies and Policies, Deputy
Carlos Henrique Leite Corseuil

Director of International Studies,  
Political and Economic Relations
Renato Coelho Baumann das Neves

Chief of Staff
Ruy Silva Pessoa

Chief Press and Communications Officer
João Cláudio Garcia Rodrigues Lima

URL: http://www.ipea.gov.br
Ombudsman: http://www.ipea.gov.br/ouvidoria

DISCUSSION PAPER

A publication to disseminate the findings of research 

directly or indirectly conducted by the Institute for 

Applied Economic Research (Ipea). Due to their 

relevance, they provide information to specialists and 

encourage contributions.

© Institute for Applied Economic Research – ipea 2015

Discussion paper / Institute for Applied Economic

Research.- Brasília : Rio de Janeiro : Ipea, 1990-

ISSN 1415-4765

1. Brazil. 2. Economic Aspects. 3. Social Aspects. 

I. Institute for Applied Economic Research.

CDD 330.908 

The authors are exclusively and entirely responsible for the 

opinions expressed in this volume. These do not necessarily 

reflect the views of the Institute for Applied Economic 

Research or of the Secretariat of Strategic Affairs of the 

Presidency of the Republic.

Reproduction of this text and the data it contains is 

allowed as long as the source is cited. Reproductions for 

commercial purposes are prohibited.

JEL: C44; C61; C63; D81



 
 

SUMÁRIO 

SINOPSE 

ABSTRACT 

1  INTRODUCTION         7 

2  MODEL FORMULATION       12 

3  A FORMAL ANALYSIS OF THE TRADE-OFF BETWEEN OPTIMIZATION AND LEARNING      17 

4  THE GENERAL MULTIPERIOD PROBLEM      20 

5  MONTE CARLO SIMULATION      25 

6  RANDOM PRICES AND ESTIMATION BIAS      32 

7  CONCLUSIONS      36 

APPENDIX     39 

REFERENCES     43 



 

 

 



 

SINOPSE 

Neste artigo, nós estudamos o problema de escolher preços sequencialmente, de 
forma a maximizar a receita esperada, em um ambiente onde os parâmetros da função 
de demanda são desconhecidos, e o horizonte de vendas é finito. Vários métodos de 
otimização seqüencial são discutidos, onde os preços e as vendas resultantes anteriores 
são utilizados para determinar o preço no período atual. Expansões de Taylor são 
empregadas para construir aproximações da função valor, explicitando a relação de 
compromisso entre maximização de receita no curto-prazo e maior ganho de 
informação para obter maior receita agregada no longo-prazo. A partir dessas 
expansões, nós derivamos estratégias promissoras, denominadas políticas de one-step 
look-ahead que combinam otimização e aquisição de informação dinamicamente. 
Simulações de Monte Carlo são apresentadas, onde constatamos a superioridade das 
políticas de one-step look-ahead, quando comparadas a diversas outras regras de 
otimização seqüencial. Finalmente, nós discutimos problemas de endogeneidade, onde 
fazemos um paralelo com a teoria de controle adaptativo, e discutimos a validade das 
regras de one-step look-ahead, mesmo quando endogeneidade é observada. 

 

ABSTRACT 

This paper considers the problem of changing prices over time to maximize expected 
revenues in the presence of unknown demand distribution parameters. It provides 
and compares several methods that use the sequence of past prices and observed 
demands to set price in the current period. A Taylor series expansion of the future 
reward function explicitly illustrates the tradeoff between short term revenue 
maximization and future information gain and suggests a promising pricing policy 
referred to as a one-step look-ahead rule.  An in-depth Monte Carlo study compares 
several different pricing strategies and shows that the one-step look-ahead rules 
dominate other heuristic policies and produce good short term performance. The 
reasons for the observed bias of parameter estimates are also investigated. 
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