
HAL Id: inria-00072347
https://inria.hal.science/inria-00072347

Submitted on 23 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.

A Markovian Model for the Stationary Behavior of TCP
Sophie Fortin, Bruno Sericola

To cite this version:
Sophie Fortin, Bruno Sericola. A Markovian Model for the Stationary Behavior of TCP. [Research
Report] RR-4240, INRIA. 2001. �inria-00072347�

https://inria.hal.science/inria-00072347
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
42

40
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

A Markovian Model for the Stationary Behavior of TCP

Sophie Fortin and Bruno Sericola

N˚4240

Septembre 2001

THÈME 1





� � �������
	��
��� � ������������������� ������� �!���"����# $%�&���&	'�!���(���*),+.-

/1032�46587:9�03;=<>58?A@B?6CEDF;
G�?60H/I7J;K5MLN03OP@RQ

S�TVU
W�X�Y[Z \^]=_`XKacbed"X=f^_hgJ_ifjU
W�X
_
kml`n>ohX=f^p[lhW�nql

\
asrtr3nqlif&uVX�l`X=vwTVX
lhvwTVXyx{zq|N}c|N~�Z �JX
rtf`X
W��Vl`X�}s~q~tY[Z �tY�r�as�sX
_

�����!���>���s�N� S�TV��_�r�acr3X=l�rVlhX
_hX
xNfj_�a"uV��_hv
l`X!fjX���fj��W�X���acl`�sn���vwT�as��xRW�neutX
�m��nql�fjTVX�\^X=xVn��sX
l`_h��nqx
ns��S^� k6¡¢fjTtX�fjl`asxV_hW���_`_`��nqx�v=nqxNfjlhnq�6rtl`nsf`nev=nq�1��nql
lhX
���£as�V��X�fjl`asxV_`rBnqlif�nqx"fjTVXF¤¥xNf`X
l`xtX=fK¦
S�TVX{rtbVl`rBnq_`X
��_Ff`TVX§X=�cas��b�acfj��nqx¨ns�^_ifwacf`��nqx�aclhg:S^� k.©�n�ª&_��3X=T�aK�e��nqlFbV_h��xV�«rBX
li��nql`W�asxVv=X�W�X
as_`btl`X
_¬_hbVvwT­ac_FfjTVX
W�X
asx§fjTVlhnqbV�qTtrVbtfK¦�S�TVX�W�neutX
�®��_���as_hX
u"nqx�rVl`X!�e��nqbV_�ª¯nql`�°_&ª&TV��vwT"aslhX��sX
xVX=ljas����±
X=u§�Ng�fwas�°��xV����xNfjn
asv
v=nqbVxNf^fjTVX�_`��n�ª²_hfjaslhf^rVTVas_`X=_^f`T�acf^asrVrBXKacl
a��³fjX
l�X
asvwT´f`��W�X!��nqbtf�lhX
v
n��sX
lhgs¦¯µ:X�v
nqxV_h��uVX=l�fjTVX�fjTtl`X
X
uV��¶3X
lhX
xNf^rVT�as_hX
_^ns��fjTVX�rVlhnsfjnJv
nq��·�f`��W�X!��nqbtfK¡J_`��n�ª²_hfjaslhf
asxtu"v=nqxV�qX=_hf`��nqx´aK�qnq��u�asxVv=X�acxVu"ª¯X�nq�tfjas��x
asx�as�¸g°fj��v
as� X!derVlhX
_`_h��nqxt_���nsl
fjTtXFW�X
asx¹x°bVWF�BX
l[ns��_`X=�qW�X=xNfj_�_hX
xNf�uVbVlh��xV��X
asvwT�ns�mf`TVX
_hX¬rVT�as_hX
_�asxVu
fjTVX=��l&W�XKasx"uVbVl`acfj��nqxI¦»º�btl
W�neutX
� as��_`n�as����n�ª&_�bV_
f`n�X!�sac��b�acf`X�fjTVX�rVlhnqr3nslhfj��nqx�ns�¼��nq_`_hX
_^uVbVX�fjn�fjTVX
fj��W�X=l X!derV��lhg�asxtu"f`TVX�uVbVrV����vKa�fjX�asvw�°xVn�ª&��X=uV�qW�X
xNfj_=¦
½´¾N¿®ÀhÁFÂ ��Ã6�c� S^� k�¡m\^X=xVnV¡¼v=nqxV�qX=_hf`��nqx¨v=nqxNfjlhnq�P¡�©�n�ªÄv=nqxNfjlhnq�P¡�fjTVlhnqbV�qTVrtbtfK¡��´asl`�cn>�:vwT�as��xI¡¼��nq_`_
rVl`nsr3nqlifj��nqxI¦
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�� ����� � � �»X=fmaclhfj��v
��XmrVl`]=_`X
xNf`X»bVx�W�nJuVU
��XmuVXÔvwT�a��£xtX¯uVX»��aslh�sn��	�&f`X
W�rV_�uV��_hv
l`X!f�rBnqbVl ��a&�sX
l`_h��nqx
\^X=xVn§uVXFS^� k�¡I��X�rVlhnsfjnJv
nq��X{uVX{v
nqxNfjl��q��X�uVX{f`ljasxV_hW���_`_h��nqx´r3nqbtl[��X�fjl`asxV_`rBnqlif��¢as�t��X{_hbVl���� ¤¥xNfjX=l`xVX!fK¦
�1X"�tbtf�X
_if���� ]=�cas��bVacfj��nqx¨uVb v
nsW�rBnqlhf`X
W�X
xNf¬_ifwacf`��nqxVxVas��lhX'uVX§©�bed�S^� k X
x btf`������_jasxNf{uVX
_�W�X
_`btl`X
_
uVX«r3X=lh��nqlhW'acxVv
X�f`X
����X
_��JbtX���X¹uV]=�V��f�W�n�gqX=xI¦ �1X�W�neuVU=��X¹X=_hf���ac_`]«_`bVl§utX
_�fjl`aK�sacbed rVlh]
v
]=uVX
xNf`_
�°bV�
_hnqxNf��q]=xV]
l`as����_`]=_�X=xHfjX=x�asxNf�v=nqW�refjX"uVX
_�rtT�as_`X=_'uVX´uV]
W�aslhljas�qX"��X=xNf��°bV�
asrVr�acljas��_`_`X=xNf�asrtl`U
_
vwT�a!�°bVX�lhX
rVlh��_`X^uVX[f`X
W�r3nsl`��_`acfj��nqxI¦�"
nsbV_ v
nsxV_`��uV]
lhnqxV_»��X
_�fjlhnq��_ÔrVT�as_hX
_ ut��¶3]
l`X=xNfjX
_»uVb�rVlhnsfjnJv
nq��X�·¼�£a
fjX=W�rBnql`��_jacf`��nqx®¡N��X[ut]
W�asl`l`as�qX^��X
xNf»X=f��#�ê]!�e�¸fjX=W�X=x°f¯uVX�v=nqxV�qX=_hf`��nqx�X!f�xVnqbt_»nq�tf`X
xVnsxV_ uVX=_ X!derVlhX
_`_h��nqxt_
asx�as�¸g°fj�$�°bVX=_�rBnqbVl���XFxVnqWF�tl`XFW�n�gqX
x«uVX{_`X
�sW�X=x°f`_�X
xN�qn�gq]=_�utbVljasxNf�vwT�acv
bVxVX¬utX¬v
X
_�rVTVas_`X=_�X=f���X=bVl
uVbVlh]
X�W�n>gsX
xVxtXs¦%"
nsf`l`X�W�neutU
��X
xVnqbV_»r3X=l`W�X=f�]=�Nas��X=W�X=xNf�u&� ]=�cas��btX
l ��a{rVl`nsr3nqlifj��nqx'uVX�rBX
lifjX=_�uVbVX
_
�
��� X!derV��ljacf`��nqx§uVX���a{fjX
W�rBnql`��_jacf`��nqx�X!f'����a¬uVbVrV����vKa�fj��nsx�uVX
_^asv=v
bV_h]
_
uVX�l`]
v=X
rtf`��nqx®¦
( Â ��� À �*) � � S^� k�¡�\&X
xVnt¡�v
nsx°f`l+�q��X�utX�v=nqxV�qX=_hfj��nqxI¡6v
nqxNfjl��q��X�uVX�©�bed3¡¼uV]=�V��f
¡�vwT�a,�£xVX�uVX§�´asl`�cn>�B¡
rVl`nsr3nqlifj��nqx§uVX�r3X=lhf`Xs¦
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8»X
v
asbV_hX
ns�BfjTtX��ql`X
acf�X!der�asxtu�ns�BfjTtX�¤¥x°f`X
lhxVX=f
¡ta���ncf¼ns�Bª»nsl`�FT�ac_Ô�BX
X=x�uVnqxVX&nqx���f`_¼X:9�v=��X
xtv=g�asxVu�nqx
r3ns_`_`���V��X���W�rVlhn��qX
W�X
xNf`_
¦�S�TVX'asrVr�acl`X
xNf`��g«_`��W�rt��X¬W�X
vwT�asxt��_`W nc�»fjTtX 0-�;���-<>= 	��(��2?	�� ���,	��@4?��	��>	�A,	��
S^� k bV_hX
u �NgCB
S�S&k fjljacxV_h��X=l
¡ ����X�fjljacxV_h��X=l
¡�X
W�as���¯asxVu�lhX
W�nsfjX�asv
v=X
_`_�T�ac_¬�3X=X
x W�nJuVX=��X
u:ª&��fjT
�casl`��nqbV_�_hf`nevwTVas_hf`��v�fjnJnq��_=¦D6��l`_if�ns�¯as���P¡3a�_`��W�rV��X{�Vbef���xNfjX=l`X
_ifj��xV��asrVrVlhnKdt��W'a�fjX���nsl`WFbV��a���nql^fjTVX¬W�XKasx¹f`TVl`nsbV�qTVrVbef�E�nc�»a
S^� k ©Vn>ª ª»as_¯�q���sX
x���xGFÇYK|�HM¦m¤¥xVuVX=X
uI¡tas_`_hbVW���xV�Fa�r3X=l`��neuV��v�ª&��xVuVn�ª X!�qnq��btfj��nqxI¡°W'acl`�sX=u��Ng�ljasxVutnqW
��nq_h_§X=�sX
xNfj_´_`X
rVasljacf`��xV� _hbVv
v=X
_`_h���sXRv
nsxV�qX
_ifj��nqxAa��snq��uVasxVv
X�rtT�as_`X=_
¡�f`TVX«asbtf`TVnql`_�ns�IFÇYK|�H�nq�efwas��xVX
uEKJ LMONON?P QR>SUT _`X=�qW�X=xNfj_¬rBX
l{_hX
v=nqxVuI¡�ª&TVX
lhXWV+XYX utX
xVnsf`X
_Ff`TVX�W�XKasx¨lhnqbVxVu¨f`l`��rRfj��W�Xc¡[Z¨��_�fjTVX
_`X=�qW�X=xNf
��nq_`_�rtl`nq��ac�V������f¥gq¡easxVu]\YJ_^�nsla`e¡VuVX=r3X=xVuV��xt��nsx�ª&TtX=fjTtX
l&fjTVX�S^� k­��W�rV��X
W�X
xNfwa�fj��nsx'uVnJX
_
nql uVnJX
_»xVnsf���xVv
��bVuVX[utX
�£aKgsX
u"asvw�°xVn�ª&��X=uV�qW�X
xNfj_=¦ÔS�TtX�nql`uVX=l»ns�3^cb
d Z�ª»as_ ��bVlifjTVX=l uV��_hv
bV_h_`X=u"��x�FÇYK|�H
�Vbtf
as��_`n���xeFÇY�f�HM¡���x§ª&TV��vwT"f`TVX�ª&��xVuVn�ª*_`��±
X�uV��_ifjlh���Vbtf`��nqx���btxVv=f`��nqx"asxVu�W�nqW�X
xNfj_ ª¯X
lhX�v=nqW�rtbtfjX=uI¦

p
W�nsxV�Rac���&nsfjTtX
l�_hfjbtuV��X=_
¡�_`btvwT as_GFÇY���HM¡gFÇY>}�HM¡gF¸Y�h�H�acxVuiFjf�HM¡�W'asxNg aslhX���ac_`X
uHnqx­a:©VbV��uHasre�
rVl`nqasvwT¹asxtu¹aslhX�bt_`b�as����g�acxVu´W�as��xV��g'��xNfjX=l`X
_ifjX=u���x"�qX!f`fj��xV��asx´asx�as�¸gJf`��v
as�IX!derVlhX
_h_`��nsx���nql�fjTVX�W�XKasx
fjTVlhnqbV�qTtrVbtf�ns�¯a�_h��xV�q��X�_ifjX
asutgN�¥_ifwacf`X¬S^� k*v
nsxVxVX
v!fj��nqxI¦�¤¥x«asuVuV�¸fj��nqx´f`n�fjTVX=_`X¬l`X!��X
lhX
xVv=X
_�asxVu«as��_`n
v
nqxt_`��utX
l`��xV�"a�©�bV��u«X!�qnq��btfj��nqx«ns�¯f`TVX¬ª&��xVutn>ª _`��±
Xs¡3Fê}�HM¡?FÇY�HM¡kFlhcHÔasxVumF |�Hm��nev=bV_�nqx�fjTVX¬ª&��xtuVn�ª%_`��±
Xn�o�ohbV_if��BX=��nqlhX�fjTtX.pB�PfjT¹��nq_`_=¡®acxVuqF |�H6f`TVX
x�v
nqW�rVbtf`X
_
f`TVX���lh_hf�asxVu¹_hX
v
nsxVu�W�nsW�X=x°f
ns�3nGoe¦
S�TVX
vKas_hX§ns�^WFbV�¸fj��rt��X�S^� k.v=nqxVxVX=v=fj��nqxV_¬��_{fjTVX'_`bV�JohX=v=f�ns��F ��HM¡YF¸YqY:HP¡�asxturFts�HM¦:º[fjTVX=l{fjnJnq��_�T�aK�qX§�BX
X=x
X!derV��nql`X=uI¡t_hbVvwT�as_¯f`TVX[W�a�d°�¥rt��bV_Ôas���qX
�Vl`a���xuFtv�HBª&TVX
lhX[fjTVX[asbtf`TVnql`_¯nq�tfjas��x�X!derVlhX
_`_h��nqxt_ ns�1fjTtX[W�XKasx
fjTVlhnqbV�qTtrVbtf^��x§fjTtX�v
as_`X�ns�6_`X!�qX=ljas��l`nqbefjX
lh_&��x§_`X=l`��X
_
¦

º�bVl�r�acr3X=l´��_"�Vas_`X=u²nqxErtl`X=�J��nqbV_�ª»nqlh�°_�rVlhX
_`X=xNfjX
u ��xwFÇY�scHP¡xFÇYcv�H�asxVuyFjz�H�ª&TV��vwT*v
nqxV_h��uVX=l�a
uV��_hv
lhX=fjX���f`��W�X{W�neuVX=�¼asxtu«a�uV��_hv
l`X!fjX¬X!�qnq��btfj��nqx¹ns��fjTtX{ª&��xVutn>ª._`��±
Xc¦�µ:X¬rVlhnqr3ns_`XFTVX=l`X�a�uV��_`v=l`X=f`X!�
fj��W�X��´asl`�cn>�«vwTVas��x«W�neuVX=��ª&TV��vwTRas��W�_^fjn��q�¸�qX�asx�as�¸g°fj��v
as��X!derVl`X=_`_h��nqxV_���nql�W�XKas_hbVl`X=_�_`bVvwTRas_�fjTVX
W�X
asx'f`TVl`nqbt�qTVrVbtf»ns� nqxVX
�VbV����f`ljasxV_i��X
l¯S^� k¼�¥\^X=xVnF©�n�ª*asW�nqxV�{X�denq�qX
xtnqbV_»f`lja�9�vs¡e�Vbtf¯ª&TV��vwT�as��_`n
as����n�ª&_�bV_�fjn´nq�tfwac��x:�caslh��nqbt_�lhX
_`bt��fj_���nql�fjTVX�_`bVv=v
X
_h_`�¸�qX�S^� k _hfwa�fjX
_|{8X!derBnqxVX=x°f`�£as�Ô�qlhn>ª�f`TI¡¼����xVX
asl
�ql`n�ª�f`T¹asxVu´��uV��X�r3X=l`��neu"ac�³f`X
l�fj��W�X��¥nqbtf&utX=fjX=v=f`��nqx#}»f`T�acf
��XKacu�f`n'W�nql`X�acv
v
btljacf`X�uV��_`v=bV_`_h��nqxV_[as�Bnqbtf
S^� k­�3X=T�aK�J��nql=¦

S�TtX�r�acr3X=l���_�nql`�qasxV��±=X
u:as_���nq����n�ª&_
¦��eX
v!fj��nqx¨}�lhX=�J��X!ª&_{S^� kE��l`nsW ��f`_���W�rV��X=W�X=x°fjacfj��nqx�f`n´�¸fj_
W�X=vwT�asxV��_`W�_1{���nq_h_�uVX=f`X
v=f`��nqx��Ng �%
�~I���;	���� nql �%�(
l=&���1����=&�U
$A;���/�.�*25�g< asxVu«ª&��xtuVn�ªyv
nqxNf`l`nq��_hfjacfjX=_
¡
x�asW�X
u <���	���<��$����� asxVu A,	������,<��%
$	�������	�
��
����A,� }!¡¢��x�f`TVX{v
as_`X{ns�mfjTVXF\^X=xVn'�qX=l`_h��nqx¹nc��S^� k6¦1�JX
v=f`��nqx
��rVl`X=_`X
xNf`_´nqbtl�uV��_hv
lhX=fjX���f`��W�X«��aslh�sn�� vwT�as��x W�nJuVX=�[��as_hX
uAnqx­fjTtX�xVnsfj��nqx ns� ��	����&��< ª&Tt����X´fjTVX
fjl`asxV_`�¸fj��nqx�rVl`ns��as�V������f`��X=_{ns�^fjTVX´��acl`�sn�� vwT�ac��x�{ ��2 }Fasl`X�X!�sac��b�acf`X
u ��x �eX=v=f`��nqx |V¦ S�TV��_�ª&�����¯�3X
v
nqW�rV��X=fjX=u���x��eX
v!fj��nsx1h�ª&��f`T�f`TVX&��xNfjlhneuVbtv=fj��nqx�ns�®f`TVX ���,<�
�������� ��	����&��< ¦��eX
v!fj��nqxIf���_mutX=�qncfjX
u�fjn�fjTVX
v
nqW�rVbtfjacfj��nqx�nc�¼fjTVX{W�X
asx´f`��W�X�_hr3X=x°f���x�X
asvwT�rVT�ac_`X¬asxtu¹ns�¼f`TVXFW�XKasx´xJbtWF�3X=l[ns��_hX
�qW�X
xNf`_�_`X=x°f
uVbVlh��xV��XKasvwT§ns�®fjTVX=W´¦¼¤¥x�f`T�acf¯_`X=v=fj��nqxI¡Jª»X[as��_hn{rVlhn>�J��uVX[X�dtrtl`X
_h_`��nqxV_»��nqlÔfjTVX
W�X
asx�f`TVl`nsbV�qTVrVbef�asxVu
��nql»f`TVX��qnenJuVrVbefK¦�µ:X�rVl`X=_`X=x°f^x°bVW�X
lh��vKac�Il`X=_`bV�¸fj_���x"�JX
v=f`��nqx]vFacxVu´�eX
v!fj��nsx�sFv=nqxVv=��bVuVX=_�fjTVX�r�acr3X=l
¦
� � �
� �¯�6� ��� �!��� ���A)y+ -

S�TVX�¤¥x°f`X
lhxVX=f[�»nqW�WFbVxV��vKacf`��nqx�k�lhnsfjnJv
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