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  Abstract
  In this paper we study continuous-time two-player zero-sum optimal switching games on a finite horizon. Using the theory of doubly reflected backward stochastic differential equations with interconnected barriers, we show that this game has a value and an equilibrium in the players’ switching controls.


 


   
  Keywords
 Optimal switchingoptimal switching gamestopping timeoptimal stopping problemoptimal stopping gamebackward stochastic differential equation
 

 MSC classification
 Primary: 
91A55: Games of timing

 Secondary: 
60G40: Stopping times; optimal stopping problems; gambling theory

91A05: 2-person games

49N25: Impulsive optimal control problems


   

 
	
Type

	Original Article


 	
Information

	Advances in Applied Probability
  
,
Volume 51
  
,
Issue 2
  , June 2019  , pp. 425 - 442 
 DOI: https://doi.org/10.1017/apr.2019.19
 [Opens in a new window]
 
  


   	
Copyright

	
© Applied Probability Trust 2019 




 Access options
 Get access to the full version of this content by using one of the access options below. (Log in options will check for institutional or personal access. Content may require purchase if you do not have access.)  


    
 References
  
 
[1]

 Ball, J. A., Chudoung, J. and Day, M. V. (2002). Robust optimal switching control for nonlinear systems. SIAM J. Control Optimization 41, 900–931.CrossRefGoogle Scholar


 
 
[2]

 Bayraktar, E., Cosso, A. and Pham, H. (2016). Robust feedback switching control: dynamic programming and viscosity solutions. SIAM J. Control Optimization 54, 2594–2628.CrossRefGoogle Scholar


 
 
[3]

 Bismut, J.-M. (1977). Sur un problème de Dynkin. Z. Wahrscheinlichkeitsth. 39, 31–53.CrossRefGoogle Scholar


 
 
[4]

 Bismut, J.-M. (1979). Contrôle de processus alternants et applications. Z. Wahrscheinlichkeitsth. 47, 241–288.CrossRefGoogle Scholar


 
 
[5]

 Bismut, J.-M. (1981). Convex inequalities in stochastic control. J. Funct. Anal. 42, 226–270.CrossRefGoogle Scholar


 
 
[6]

 Bouchard, B. (2009). A stochastic target formulation for optimal switching problems in finite horizon. Stochastics 81, 171–197.CrossRefGoogle Scholar


 
 
[7]

 Chassagneux, J.-F., Elie, R. and Kharroubi, I. (2011). A note on existence and uniqueness for solutions of multidimensional reflected BSDEs. Electron. Commun. Prob. 16, 120–128.CrossRefGoogle Scholar


 
 
[8]

 Chung, K. L. and Williams, R. J. (2014). Introduction to Stochastic Integration, 2nd edn. Birkhäuser/Springer, New York.CrossRefGoogle Scholar


 
 
[9]

 Cohen, S. N. and Elliott, R. J. (2015). Stochastic Calculus and Applications. Springer, Cham.CrossRefGoogle Scholar


 
 
[10]

 Cosso, A. (2013). Stochastic differential games involving impulse controls and double-obstacle quasi-variational inequalities. SIAM J. Control Optimization 51, 2102–2131.CrossRefGoogle Scholar


 
 
[11]

 Djehiche, B., Hamadène, S. and Popier, A. (2009). A finite horizon optimal multiple switching problem. SIAM J. Control Optimization 48, 2751–2770.CrossRefGoogle Scholar


 
 
[12]

 Djehiche, B., Hamadène, S., Morlais, M.-A. and Zhao, X. (2017). On the equality of solutions of max-min and min-max systems of variational inequalities with interconnected bilateral obstacles. J. Math. Anal. Appl. 452, 148–175.CrossRefGoogle Scholar


 
 
[13]

 Dumitrescu, R., Quenez, M.-c. and Sulem, A. (2016). Generalized Dynkin games and doubly reflected BSDEs with jumps. Electron. J. Prob. 21, 32pp.CrossRefGoogle Scholar


 
 
[14]

 Elie, R. and Kharroubi, I. (2014). Adding constraints to BSDEs with jumps: an alternative to multidimensional reflections. ESAIM Prob. Statist . 18, 233–250.CrossRefGoogle Scholar


 
 
[15]

 Hamadène, S. and Hassani, M. (2005). BSDEs with two reflecting barriers: the general result. Prob. Theory Relat. Fields 132, 237–264.CrossRefGoogle Scholar


 
 
[16]

 Hamadène, S. and Hassani, M. (2006). BSDEs with two reflecting barriers driven by a Brownian and a Poisson noise and related Dynkin game. Electron. J. Prob. 11, 121–145.CrossRefGoogle Scholar


 
 
[17]

 Hamadène, S. and Morlais, M. A. (2013). Viscosity solutions of systems of PDEs with interconnected obstacles and switching problem. Appl. Math. Optimization 67, 163–196.CrossRefGoogle Scholar


 
 
[18]

 Hamadène, S. and Mu, T. (2019). Systems of reflected BSDEs with interconnected bilateral obstalces: existence, uniqueness and applications. Preprint. Available at https://hal.archives-ouvertes.fr/hal-01973450.Google Scholar


 
 
[19]

 Hamadène, S. and Zhang, J. (2010). Switching problem and related system of reflected backward SDEs. Stoch. Process. Appl. 120, 403–426.CrossRefGoogle Scholar


 
 
[20]

 Hu, Y. and Tang, S. (2010). Multi-dimensional BSDE with oblique reflection and optimal switching. Prob. Theory Relat. Fields 147, 89–121.CrossRefGoogle Scholar


 
 
[21]

 Hu, Y. and Tang, S. (2015). Switching game of backward stochastic differential equations and associated system of obliquely reflected backward stochastic differential equations. Discrete Contin. Dynam. Systems 35, 5447–5465.CrossRefGoogle Scholar


 
 
[22]

 Krasovski, N. N. and Subbotin, A. I. (1988). Game-Theoretical Control Problems. Springer, New York.CrossRefGoogle Scholar


 
 
[23]

 Lundström, N. L. P., Nyström, K. and Olofsson, M. (2014). Systems of variational inequalities in the context of optimal switching problems and operators of Kolmogorov type. Ann. Mat. Pura Appl. 193, 1213–1247.CrossRefGoogle Scholar


 
 
[24]

 Martyr, R. (2016). Finite-horizon optimal multiple switching with signed switching costs. Math. Operat. Res. 41, 1432–1447.CrossRefGoogle Scholar


 
 
[25]

 Martyr, R. (2016). Solving finite time horizon Dynkin games by optimal switching. J. Appl. Prob. 53, 957–973.CrossRefGoogle Scholar


 
 
[26]

 Morimoto, H. (1987). Optimal switching for alternating processes. Appl. Math. Optimization 16, 1–17.CrossRefGoogle Scholar


 
 
[27]

 Pham, T. and Zhang, J. (2013). Some norm estimates for semimartingales. Electron. J. Prob. 18, 25pp.CrossRefGoogle Scholar


 
 
[28]

 Robin, M. (1976). Some optimal control problems for queueing systems. In Stochastic Systems: Modeling, Identification and Optimization, II (Math. Programming Stud. 6), ed. Wets, R. J.-B.. Springer, Berlin, pp. 154–169.CrossRefGoogle Scholar


 
 
[29]

 Stettner, L. (1982). Zero-sum Markov games with stopping and impulsive strategies. Appl. Math. Optimization 9, 1–24.CrossRefGoogle Scholar


 
 
[30]

 Tang, S. and Hou, S.-H. (2007). Switching games of stochastic differential systems. SIAM J. Control Optimization 46, 900–929.CrossRefGoogle Scholar


 
 
[31]

 Tang, S. J. and Yong, J. M. (1993). Finite horizon stochastic optimal switching and impulse controls with a viscosity solution approach. Stoch. Stoch. Reports 45, 145–176.CrossRefGoogle Scholar


 
 
[32]

 Yong, J. M. (1990). A zero-sum differential game in a finite duration with switching strategies. SIAM J. Control Optimization 28, 1234–1250.CrossRefGoogle Scholar


 
 
[33]

 Yong, J. M. (1990). Differential games with switching strategies. J. Math. Anal. Appl. 145, 455–469.CrossRefGoogle Scholar


 
 
[34]

 Zabczyk, J. (1973). Optimal control by means of switching. Studia Math . 45, 161–171.CrossRefGoogle Scholar


 
 
[35]

 Zvonkin, A. K. (1971). On sequentially controlled Markov processes. Math. USSR-Sbornik 15, 607–617.CrossRefGoogle Scholar




 

           



 
  	2
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
2




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Perninge, Magnus
2023.
Probabilistic representation of viscosity solutions to quasi-variational inequalities with non-local drivers.
ESAIM: Control, Optimisation and Calculus of Variations,
Vol. 29,
Issue. ,
p.
25.


	CrossRef
	Google Scholar






Lv, Siyu
and
Xiong, Jie
2024.
A zero-sum hybrid stochastic differential game with switching controls.
Mathematical Control and Related Fields,
Vol. 0,
Issue. 0,
p.
0.


	CrossRef
	Google Scholar


















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








A probabilistic verification theorem for the finite horizon two-player zero-sum optimal switching game in continuous time








	Volume 51, Issue 2
	
S. Hamadène (a1), R. Martyr (a1) and J. Moriarty (a2)

	DOI: https://doi.org/10.1017/apr.2019.19





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





A probabilistic verification theorem for the finite horizon two-player zero-sum optimal switching game in continuous time








	Volume 51, Issue 2
	
S. Hamadène (a1), R. Martyr (a1) and J. Moriarty (a2)

	DOI: https://doi.org/10.1017/apr.2019.19





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





A probabilistic verification theorem for the finite horizon two-player zero-sum optimal switching game in continuous time








	Volume 51, Issue 2
	
S. Hamadène (a1), R. Martyr (a1) and J. Moriarty (a2)

	DOI: https://doi.org/10.1017/apr.2019.19





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















