
HAL Id: inria-00070759
https://inria.hal.science/inria-00070759

Submitted on 19 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Flow Control as Stochastic Optimal Control Problem
with Incomplete Information

B. Miller, Konstantin Avrachenkov, K. Stepanyan, G. Miller

To cite this version:
B. Miller, Konstantin Avrachenkov, K. Stepanyan, G. Miller. Flow Control as Stochastic Optimal
Control Problem with Incomplete Information. RR-5239, INRIA. 2004, pp.26. �inria-00070759�

https://inria.hal.science/inria-00070759
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
52

39
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


Thème COM

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Flow Control as Stochastic Optimal Control Problem
with Incomplete Information

B. Miller — K. Avrachenkov — K. Stepanyan — G. Miller

N° 5239

June 2004





Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)

Téléphone : +33 4 92 38 77 77 — Télécopie : +33 4 92 38 77 65

������� ���
	
�
�
�����������
��������������� �"!#���%$&�
�'���
	
�
���
��()����*+��,-$
�.�/�0�213	4�5�
$&!6��,5�
,713	489���0$&�:�����
	

;4<>=@?BACACDFEHGJILK�<0M-N
EPORQ9S0DUT0VRWXN
YZILK'<>[�\HDF]0ORT_^_ORTa`4ILb�<L=@?CABACDFEHc

dfehg%i�j�k�l:mon2prqXsutvg%i�jPs�w�xUi�i�yhzh{|w�}~zUt/s
����x���j�t-mJ���>pXd��-l

�-}�����xU�ut-�Xj���j%w/ehj%��w/e�j)zR�0�~�~�~��n2�~yhzhj����U���
n�������}~�~j%s

�4�
�%���9�h ~�~¡ dfehj>z�x~zh¢£{¤z�j%}��
s�t�xrw/e�}~sutv{|wLw�xUzUt��vxU¢��h��x~¥h¢£j�ia��j�¢|}9tvjP�:¦�{§t�e�¨�x9¦�w�xUzFtv��x~¢~{|s©w�x~z�sv{|�Xj���j%�_ª
dfe�j«sut�}�tvj�x~¬�tve�j­¢£{¤z�®�{£s5�Xj%s�w���{£¥�jP�#¥rq�w�x~zFt��vxU¢¤¢£j%��e�{£�h�hj�z+mJ}���®~x9¯��h�vxXw�j%s�sL¦�eh{£¢¤j­tve�j­¢£xUs�sL¨�x9¦°{£s
�hj%s�w���{¤¥Rj%��¥Fq�t�ehj�w�x~y�zUt�{¤z��
�h��xXw�j%s�s±¦�{§t�e�t�ehj­{£zFtvj%z�su{¤t�q#�Xj%��j%z��X{£zh�²x~z#t�ehj:w�yh���vj%zFt>tv�/}�z�sui²{|svsv{¤xUz
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t�ehj¶w�x~zFtv��x~¢-{|s²t�x·}~w/eh{£j�¯Uj6tvehj¶i²}�¸X{¤i�yhi¹x~¬�suxUi�jZyhtv{£¢¤{¤t�q·¬ºy�z�w»t�{¤xUz°t�}~®F{£zh��{£zFtvx·}Uw�w�xUyhzFt�tvehj
¢£xUs�svj%s:x�¬5tv�/}�z�sui²{¤tutvjP�¼{¤zh¬ºx~��i²}�tv{£x~z�ª6l­�v{£�~{£z�}�¢£¢£qZtvehj����vxU¥h¢¤j%i7¥Rj�¢£x~zh�Fs:tvxJ}Zw�¢£}Usvs�x�¬�s�t�xrw/e�}~sutv{|w
w�x~zFtv��x~¢�¦�{¤tve°{£z�w�x~i²�h¢£j�tvjZ{£zX¬ºxU�vi�}9t�{¤xUz�½fehx9¦5j�¯~j%�%½>tvehj¶x~�Xt�{¤i�}�¢-¾�¢§t�j���{¤z���j%¿Fy�}9t�{¤xUz�s��U{¤¯r{£zh�¼tvehj
jPs�t�{¤i�}�tv{£x~z�x�¬�t�ehj4w�yh���vj%zUt�¢¤{£zh®¼s�t/}9tvj4¥�}~svj%�¼xUz�tve�j�x~¥�suj%�v¯9}9t�{¤xUz¼x�¬ftvehj+¢£xUs�s��h��xrw�j%s�s��U{¤¯Uj�tvehj
xU�h�Rx~�vtvyhzh{¤t�q't�x'��j%�Xy�w�j6tvehj¶�h�vxU¥h¢£j�i t�x�tve�j¶s�t/}�z���}��/��sutvxXw/e�}Us�t�{£w6w�x~zFtv��x~¢-���vxU¥h¢¤j%iÀ¦�{¤tveÁ¬ºyh¢£¢
xU¥�svj���¯H}�tv{£x~z�s%ªZdfehj�z©½0}Jzhj%w�j%s�sv}~�vq�x~�Xt�{¤i�}�¢£{¤t�qµw�x~z��X{¤tv{£x~z�{|s
�hj���{¤¯Uj%�¼{£z�tvehj#¬ºx~��iÂx~¬�s�t�xrw/e�}~sutv{|w
i�}�¸r{£i
y�i����v{£z�w�{£�h¢£j�¦�e�{£w/eµ}�¢£¢¤x9¦-s�y�s­tvx+x~¥Xt/}�{£zJj�¸X�h¢£{£w�{§t�}�z�}�¢£qUt�{£w�j�¸X�h��j%s�sv{¤xUz�s�¬ºxU��t�ehj�xU�Xtv{£i�}�¢
w�x~zFtv��x~¢R{£z+svx~i²j«��}��vtv{|w�yh¢|}��fw�}UsujPs�ª0dfehj:x~�htv{£i²}~¢_}�z��4suyh¥Rx~�htv{£i²}~¢�w�xUzUt��vxU¢£s±}���j­{£zr¯~jPs�t�{¤�F}9tvjP�#}�z��
w�x~i²��}~�vjP��¦�{¤tve:t�ehj�¨�x9¦¼w�xUzUt��vxU¢�svw/e�j�i²j%s_¦�e�{£w/e�{|s_y�svj%�:{£z�d�k5�±ÃHÄ��6z�j�t�¦5x~��®rs%ª_ÄÅz���}~�ut�{£w�yh¢£}~�%½�tvehj
xU�Xtv{£i�}�¢_w�xUzFtv��x~¢_�Xj�i²xUz�s�t���}�tvjPs±}�i
y�w/e6svi�xrx~tvehj%�5¥Rj�e�}H¯F{£x~y��>t�e�}�z4tvehj�w�yh�v��j�zFt�¢¤q�y�svj%�+d�k5�±Ã9Ä��
w�x~zh�Uj%sutv{£x~z+w�x~zFt��vxU¢Bª
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Ë �9Ì��~¡ÎÍ ¢£x9¦'k±x~zFtv��x~¢Ï½9l­�htv{£i²}~¢FpFt�xXw/e�}~sutv{|w>k±x~zFtv��x~¢Ï½�ÄÅz�w�x~i²�h¢£j�t�jLÄÅzX¬ºxU�vi�}9t�{¤xUz�½ Í {£¢¤tvj���{£zh��½
Ð�{£���Xj�zJmZ}~�v®Ux9¯�mZxr�hj�¢|s�½�d�k5�5ÃHÄ��
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��� ����� � ¡�� xUy�s���tvy��X{¤xUz�s�¢¤j+w�xUzUt����U¢¤j4�Xj�¨�yX¸·�Xj%s��XxUzhz���jPs²�h}�z�s�¢£j4w�xUzFtvj�¸rt�j+�Xj4¢£}¶tve���x~��{£j
�hj�w�x~i²i�}�z��Xj�x~�Xt�{¤i�}~¢¤j
sutvxXw/e�}Us�t�{£¿Fyhj�}H¯Uj%w«{¤zh¬ºx~��i²}�tv{£x~z6��}~�ut�{¤j%¢¤¢£j~ª! �j�¢£{¤j%zJ�Xj�tv�/}�z�sui²{|svsv{¤xUz4jPs�t
i²xX�Xj%¢¤{|s"����}~�­yhz�j²w/e�}$#Ôzhj��hj²mZ}~�v®Ux9¯+w%}~w/e��%j~ª% ©j�w�x~zFtv�&�~¢£j
jPs�t:¢¤j�t/}�yX¸¶�Xj�¢|}#t���}~z�sui²{|svsv{£x~z¶¿Fyh{
�hx~{¤t­j�t��vj�w/ehx~{|su{�w�xUi�i²j�y�zJ�h��xrw�j%s�suy�s��h�&��¯r{£sv{£¥h¢¤j��'���Rj�z���}�zFt«�Xj�¢)( x~¥�suj%�v¯9}9t�{¤xUzJ�XyJ�h��xXw�jPsvsvy�s-�Xj
�Rj��vtvjPs�ª* ©j­¥hyhtf�Xy6w�xUzFtv�&�~¢£j-j%sut5i�}�¸r{£i²{£svj��5yhzhj�w�x~i
¥�{¤z�}~{£svx~z�¢£{£z�+�{£�vj«�,( yhzhj«¬ºx~z�w�tv{£x~z+�,( yhtv{£¢¤{¤t��:j�t
�hy¼w�x.-Xt
�hj���j%�ut�j%s%ª�/«��}Uw�j�}�y�¾�¢¤tv�/}��Uj�xU�Xtv{£i�}�¢>�0( ��t�}9t
�hyµ¢£{£j�z�½�zhx~y�s:��xUyh¯~xUz�s«tv�/}�z�su¬ºx~��i²j���w�j
���vxU¥h¢¤g%i²j«}H¯Uj%w-{£zX¬ºxU�vi�}9t�{¤xUz4��}��vtv{£j�¢£¢¤j«j�z+yhz+�h�vxU¥h¢£g�i²j«}H¯Uj%w­{¤zh¬ºx~��i²}�tv{£x~z+w�x~i²�h¢£j�t�j~ª*1-z�j�w�x~z��X{§³
t�{¤xUz z��%w�jPsvs�}�{£��j4�,( x�t�{¤i�}�¢£{2�+jPs�t�xU¥Xtvj%zFy�j+svx~y�s�¬ºxU�vi²jZ�Xy��h�v{£z�w�{¤�RjZ�Xj6i²}�¸X{¤i�yhiÀsutvxXw/e�}~sutv{|¿Fyhj~ª
k±j�tut�j�w�xUz��X{¤tv{£x~zZzhxUy�s­��j%�vi²j�t:�Xj�����¯~j%¢¤xU��j%�­�XjPs-j�¸r���vjPsvsv{¤xUz�s-}~z�}�¢£qFtv{|¿Uy�j%s-�Rx~y���¢£j�w�xUzFtv�&�~¢£j�x~�X³
t�{¤i�}~¢��h}�z�s�¿Fyhj%¢£¿FyhjPs�w�}Us±��}��vtv{|w�yh¢£{¤g%�vjPs�ª Í {£z�}�¢£j�i²j�zFtP½X¢¤jPs�w�x~zFt����U¢¤jPs±xU�Xtv{£i�}�yX¸4j�t�svx~y�su³ÏxU�Xtv{£i�}�yX¸
3 w�xU�v��j%sv��xUz��h}~zUt/s�}�yX¸¼¯~j%��sv{£x~z�s�w�x~yh�/}�zFt�j%s��Xj+d�k5�±ÃHÄ��54
suxUzFt�w�xUi���}��&�%s%ª6�Lz'��}��vtv{|w�y�¢¤{£j��P½
z�x~y�s
i²xUzUt��vxUz�sf¿Fyhj�¢¤j�w�x~zFtv�&�~¢£j:x~�Xt�{¤i�}~¢�j%sut-�h¢£y�s�¢£{£s�suj�¿Fyhj�¢£j�i6�%w�}~zh{|sui²j��XyZw�xUzFtv�&�~¢£j«�Xj�¨�yX¸4yhtv{£¢¤{|s"�
��}���¢|}�¯Uj��/su{£x~z+s�t/}�z���}��/���Xj�d�k5�±Ã9Ä���ª
7�Ë �P� É  .8 � �6¡ k±x~zFtv�&�~¢£j��Xj Í ¢£yX¸_½3k±x~i²i�}�z��Xj�l­�Xtv{£i�}�¢£j
pFtvxXw/e�}Us�t�{£¿FyhjU½hÄÅzX¬ºxU�vi�}9t�{¤xUz+�0}~�ut�{¤j%¢¤¢£j~½
Í {£¢§t���}~�~jU½XmZxr�hg�¢£j%s-�Xj�mZ}~�v®Ux9¯#w�}Uw/e��%s%½Xd�k5�±ÃHÄ��
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dfe�j�tv�/}�z�svi²{£s�sv{¤xUz�x�¬�i²xUsut�ÄÅzFtvj%�vzhj�t��h}�t�}6¨�x9¦-s
{£s
�~x9¯Uj���zhj%�µ¥rqµd�k5� 3 d
��}~z�sui²{|svsv{£x~z·k±x~zFtv��x~¢
�L�vx~tvxXw�xU¢ 4+*-,P�h½�,/.´ª�d�k5� e�}~s#t�¦±x �h�v{£z�w�{¤��}~¢­}~{¤i�s10�t�x·j%z�suy��vj��vj%¢¤{|}�¥h¢£j¶�h}�t�}'�hj�¢£{¤¯Uj���q�}~z��Átvx
w�x~zFtv��x~¢Rw�xUzh�~jPs�t�{¤xUz�¢¤j%¯~j�¢R{£z#tve�j­zhj�t�¦±xU�v®3ª�dfehj«d�k5� � j%¦ ��j�z�x
¯~j%��sv{£x~z�½U¦�eh{£w/e4{£s5w�y��v��j�zFtv¢£q�tvehj
i²xFs�t«¦�{£�Xj%¢¤qJ�hj��h¢£x9q~jP�Zd�k5� ¯~j%��sv{£x~z�½Ry�svj%s­j�{¤tvehj%�«��}~w/®~j�t�¢£xUs�sujPs-x~�:�±k � 3 ��¸r��¢¤{|w�{¤t�k±xUzh�~jPs�t�{¤xUz
� x�t�{§¾�w%}9t�{¤xUz�½#*ß��2�. 4Li�}���®rs±}~s5}�z#{£z��X{|w�}�tv{£x~z#x~¬�tve�j�zhj�t�¦±xU�v®²w�xUzh�~jPs�t�{¤xUz�ª�k±xUzh�~jPs�t�{¤xUz#�©¯Ux~{|�h}�z�w�j~½
t�ehjLi�}�{£z�d�k5�6�he�}UsujU½Pw�x~���vjPsu�Rx~z���s�t�x-�-Äum43 3 �����X{§t�{¤¯UjLÄÅz�w��vjP}~svj�mZyh¢§t�{¤��¢¤j�3­j%w��vjP}~svj�4Rw�xUzh�~jPs�t�{¤xUz
w�x~zFtv��x~¢5svw/e�j�i²j�¦�{¤tve�}¶¥h{£z�}~�vq�¬ºj�jP�X¥�}~w/®5*ß�76�.Ïª¼dfehj+j�¯Ux~¢£yXtv{£x~z�x~¬-tvehj6d�k5��svj�z��X{¤z��¶�/}9tvj+w�}~z
¥Rj#¯r{£j�¦5j%��}~s
}Z�h{£j%w�j�³Ï¦�{|svj#�Xj�t�j���i�{£zh{|s�t�{£w��h��xrw�j%s�s&*ß�X½v��½v��.Ïª � }~i²j�¢£q~½�d�k5� {¤z�w���j%}~svj%s�tvehj���}9t�}
svj�z��X{¤z��­�/}9t�j>¢£{¤zhjP}���¢¤q:{£z
t�{¤i²j5{¤z�tve�j5}~¥�suj%z�w�j5x�¬Rw�x~z��~j%sutv{£x~z
zhx�t�{§¾�w%}9t�{¤xUz�s
}~z���¦�e�j�z²}�w�xUzh�~jPs�t�{¤xUz
z�x�tv{¤¾�w%}9tv{£x~za}����v{£¯~jPs�½-d�k5�.��j%�Xy�w�j%s4tve�j¼svj�z��X{¤z�� �/}9t�j�¥rq°e�}~¢§¬�ª 1�� t�x�tvehjµ�h��j%svj�zFt%½:suj%¯~j%��}~¢
¬ºy�z��h}�i²j%zUt/}�¢�¿FyhjPs�t�{¤xUz�s#}~¥�xUyXt4d�k5� �h��x~�Rj��vtv{£j%s²e�}H¯UjZzhx�t#¥Rj�j%z }�z�sv¦5j���j%�_ª dfe�j%svj¶¿Fyhj%sutv{£x~z�s
}~�vj7098°e�}9t�}���j-tve�j­��j%}UsuxUz�sL¥Rj�eh{£z���tvehj«�h{£j%w�j�³´¦�{£svj­�Xj�tvj%�vi²{£zh{£sutv{|w«d�k5�·svj�z��X{£zh����}�tvj­j�¯~xU¢¤yhtv{£x~z#:
8°e�}9t4svehx~y�¢£��¥Rj¶}�zÁx~�htv{£i²}~¢�{£z�w���j%}Usuj6�/}9t�jZ{¤zÁt�ehj¶}�¥�suj%z�w�jZx~¬:w�x~zh�Uj%sutv{£x~zÁzhx�t�{§¾Rw�}9t�{¤xUz�s;: Ä�s
{¤t�xU�Xtv{£i�}�¢f�Xx��h{¤¯r{|�Xj#t�ehj+svj�z��X{¤z��J��}�tvj4¥Fq�t�¦5x¶{¤¬�}¶w�xUzh�~jPs�t�{¤xUz�zhx�t�{§¾Rw�}9t�{¤xUz'}����v{£¯~jPs(: ÄÅz'tve�{£s
��}��Rj���¦5j��h�vx9¯r{|�Xj�}�z�sv¦5j��/s�t�x+tvehjPsuj#¿FyhjPs�t�{¤xUz�s:¬º��x~iot�ehj#�Rx~{£zUt�x~¬5¯r{£j�¦Îx�¬�s�t�xrw/e�}~sutv{|w�xU�Xtv{£i�}�¢
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