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Couche Application

Couche Reseau
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Couche Application

Couche TCP

Couche TCP

Fenetre d’emission
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Acquittement du segment 5

Production de donnees par l’application
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Acquittement

Paquet de donnees

cwnd=1

cwnd=2

cwnd=8

tempstemps

Source Destination
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cwnd=2

temps temps

cwnd=3

cwnd=4

cwnd=5

DestinationSource

Acquittement

Paquet de donnees
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congestion avoidance
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          RTT ("Round Trip Time")

Congestion Window

ss−threshold=16

ss−threshold=9

detection de perte d’un paquet 
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?5Z+* JaC � E]C A I$C =c2]=T4 C =|?d=|2_9 GDI = C =TK5f<=TK5?54*=(8:9`?5ZTf�4>9<?_9 C>J A<K;?5=|2]=T4 O A�4>S19<K5R7=|?5=§j�lGm # lp=7R J =76 C
RT9 I 6>Z�2_9�4t8W= C =7SU256 ?-, J K_9<R CQJ h JaC Z�Z78W=�h�Z^?/.`h�80,}9 C>C =7K C =�?5=�81,x=ny$2 J 4Q9 CQJ A�K�? I q·j�� � C =TSU2zA<4 J 6Q9 C = I 4
?5= 4*= C 4>9<K56*S J 6>6 J A<K � #

2 	<���:% �$� ��� ��� � ! �7� %43 � � 	 �65G%'��� 2 	(�K�:% � � � � � �

m-A I 4~9�h<A J 4 I K5= J K5? J RT9 CQJ A�K�258 I 6 4Q9<2 J ?5=3?5=^8W9c2]=T4 C =^?5=32_9 GDI = C 6 E 81, J ?5ZT=~��+ �T�87
£����I�b�-, �����#�|�t£ % � �:9
7
£ * �i9(Z C Z J K C 4>Au? I5JaC = �<;�� � E =T8B8W= 2]= IdC�=nC 4>= ?5Z7RT4 JBC =i?5= 8W9(S`9�K J n74>=w6 I5J h�9<K C =s,
> 8W9e4>Z7RT=72 CQJ A�K ?-, I K 6>=7f�SU=TK C ?5A�K C 8B=`K I SUZT4*A;?5=16>Z GuI =TK5R7=�K?,x=T6 C 2_9<6wRT=78 I5J 9 C*C =7K5? IbE 8B=`4*ZnX
R7=T2 C = I 439<R GDI5JaC>C =i8B=w?5=T4*K J =7436*=Tf�SU=7K C 4>=is I ?_9<K56{81,xA�4*?5= # > 8:9U4>Z7RT=72 CQJ A�K&?-, I KeRT=74 C 9 J K K5A�S@*54>=
??,�9<R GuIdJBC*C =TSU=7K C 6i? I 258 JWGDI Z76 E 81,xZTSU= C*C = I 49j�lGm/?5=ih J K5=`9<8WA<4>6 GDI , J 8��;9@= I 2z=74 C =U?5=(6*=Tf�SU=7K C 6 #
p I 8 J = I ?-,}9 C*C =7K5?54>= 80,�=Yy$2 J 4>9 CQJ A�K ? I q·j�� E 81,xZTSU= C*C = I 434*= C 4Q9<K56*SU= C 8W= 2_9 GuI = C 2z=74>? Ib#
lpA�SUSU= J 8P�U9 I KU4 J 6 GDI =�?5=�?5Z76>Z GuI =TK56*=TSU=TK C ?_9�K56t81, u K C =74>K5= C = C 2zA I 4tZih JaC =T4r?5=s4*= C 4Q9<K56*SU= C>C 4>=
J K IdCQJ 8W=7SU=TK C ?5=76^2_9 GDI = C 6 E 8W9`4>= C 4>9<K56>S J 6>6 J A�K[? I 2_9 GDI = C =T6 CQJ SUZ|2z=74>? I K5=c6*= O 9 JaC^GDI ,�9<254/nT638:9
4*ZTRT=72 CQJ A�K ?5= C 4*A J 6{9<R GDI5JBC*C =7S1=7K C 6^? I 258 JWGDI Z76 #
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477:1501(1024)ACK401,Win 4096

2525:3549(1024)ACK401,Win 40963549:45731024)ACK401,Win 40964573:5597(1024)ACK401,Win 4096

ACK1501,Win 7168

ACK1501,Win 5120

1501:2525(1024)ACK401,Win 4096

ACK1501,Win 8192

1501:2525(1024)ACK401,Win 4096

ACK1501,Win 6144
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l�,x=T6 CcI Kd=1A<2 CQJ S J 6>9 CQJ A�K ?d=180,�9<8Wf<A�4 JaC x5SU=1?5=U4>= C 4Q9�K56>S J 6>6 J A�K 4>9<2 J ?5= E R7=`?d=T4>K J =74 E 6 I5JaC =`h I K5=
?5Z C =7R CQJ A�K1?5=�2z=74 C ={?d={259 GDI = C 6 J K JaCQJ 9<8 J 6>=�8W9 O =7K =7C 4>=�?5=�RTA<K5f�=T6 CQJ A�K`h ; = C 4*=TK C 4*=3?59<K56r8:9�2�x59<6>=
ª 8BA � ªuC 9<4 C 6*A I h<=TK C 6 I 6>R7=T2 C>J *d8W= ?5= *_9 J 6>6*=T4 8W=76 2]=T4 O A�4>S19<KdRT=T6@?5=�j�lGm #�� =k4*=TRTA I hu4>=TSU=7K C
4>9<2 J ?5=U=T6 CiI K 9<8Wf<A�4 JaC x5SU= GDI5J 6
,x=ny$ZTR IdC =9o I 6 C =�9<2d4¦nT6w8W9e4>= C 4>9<K56>S J 6>6 J A�K 4Q9<2 J ?5=U= C 2]= IdC@=7C 4>=
4*ZT6 I S1ZwRTA<S1SU= 6 IdJBC ,

& hU8W914*ZTRT=72 CQJ A�Ke? I �	� c \ 9<R GDI5JaC>C =TSU=TK C ? I 258 JBGDI Zc4*ZT? IdJ 4*=i8W9 O =7K =7C 4>=w?5=wRTA�K5f<=T6 C>J A<K;hU8:9
SUA JaCQJ Z � S19 J 6�2_9<6sSUA J K563?d= � 6*=Tf�SU=TK C 6���
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& J K5R74>ZTSU=7K C =T4§�����r�U?5= ��� ª�ª � K5A<S *54*=^?5=36>=Tf<S1=7K C 6 GDI5J A�K C Z C Z C 4>9<K56>S J 6 6 I 4p8B={4>ZT6*=F9 I
= C * I�� =T4 J 6*ZT6^259<4s8W= 4*ZTRT=72 C = I 4���,

) *3+�- /������������
��� 2��^oE416 6

& 2]A I 4 Rzx_9 GDI = 9<R GDI5JBC*C =7S1=7K C ? I 258 JWGDI Z�4*=
s I�J K5R74>Z7S1=7K C =T4~�����r�`?d= ;�� ª�ª = C =TK�h<A��<=T4 I K
KdA I h�=T9 I 6>=Tf<S1=7K C � RF9<4�Z C 9<K C ?5A<K5K5Z GDI =U8W=76i9�R GDI5JaC>C =7SU=TK C 6w? I 258 JBGuI ZT6wK5=U2z=74>SU= C*C =TK C
259<6|??,�9<R GDI5JaC>C =T4(8B=T6(2_9 GuI = C 6U=7K h<A*��ZT61= C|GuIdJ 6>= C 4>A I h<=TK C ?_9<Kd6(8W= * I�� =74(4>Z7RT=T2 CQJ A�K E J 8
O 9 IdC 9 I f�SU=TK C =T4 �����r�12zA I 4 Z�h JaC =74 GDI =381,xZTSU= C*C = I 4~9<4*4 J h�=^h I K5=36 JaCQI 9 CQJ A�K�A�� J 8 K5=32z= IdC
2d8 I 6 C 4Q9<K56*SU= C>C 4>= ?5=w2_9 GDI = C 6�= C ?5A�KdR J 8­�@9 I 4Q9 JaC�I K5= Rzx IdC =w?5= ?5Z+* JBC � #

& h�8W9�4>Z7RT=T2 CQJ A�K ?-, I K 9<R GuIdJBC*C =TSU=7K C ? I 6>=7f�SU=TK C 4>= C 4Q9<Kd6>S J 6 E 4>Z7? I5J 4>= �����r�[h@8W9 h�9<8W= I 4
?d= �����
�T�z����� � 2d4>ZTR7ZT?5=7SUS1=7K C RT9<8BR I 8BZT= �:; ��I5JBC*C =74c8W9&2�x_9<6*=�?5=`4>=TR7A I hu4>=7SU=TK C 4Q9<2 J ?5=�= C
4*=TK C 4*=T4�?_9<Kd6{8W9(2�x_9<6*= � RTA�Kdf�=T6 CQJ A�K&9�h<A J ?59<K5RT= � #

� ,�9<8Wf<A�4 JaC x5SU=3?5=�4>= C 4>9<K56>S J 6>6 J A�K 4Q9�2 J ?d=�=T6 CsJ K C ZTf�4*Z�?_9<K56s8W9§h<=T4>6 J A<K�jq9tx5Au=�= C q�=TK5A(?5=�j�lGm #
� =�6*=TRTA<K5? E 80,}9<8Bf�A�4 JBC x5SU=�?5=�4>=7RTA I h$4*=TSU=TK C 4Q9<2 J ?5= E =T6 C�J K C ZTf�4*Z�?_9<K56s8W9~h�=T4*6 J A�K�q{=7K5A I K JBGDI =nX
SU=TK C = C R7A�K56 C>JBC>I =w81, I K JBGDI =iRzx59<K5f�=7S1=7K C 2_9�4{4>9<252]A�4 C h~h<=T4>6 J A<Kkjq9tx5Au= #
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.0/213/ R0/74 � 8���� CO:�9
� 9U6>= I 8W=i9<SUZT8 J A<4Q9 C>J A�Ke9<252]A�4 C ZT=w?_9<Kd6�j�lGm q�=TK5A12_9<4�4>9<252]A�4 C h-j�lGm jH9txdA$= =T6 C 80,�9'o A IdC ?5=
80,}9�8Wf�A<4 JaC x5SU=�?5=-�¯�z�z�'£ & �¯�-, �������/� % �I�T�:;`lp= C 9<8Wf<A�4 JaC x5SU=�Z�h JaC =w?5=�4*=TK C 4*=T4{?_9<K56�8W9U2Px_9<6>=@' ¬������
¬����t� � �1?59<K56w8:9 GDI =78W8B= j�lGm 2]=T4*? RTA<K56 J ?5ZT4>9)*58B=TSU=TK C 6*=T6i2z=74 O A�4*S`9�K5RT=76c6 IdJBC =�h I K5=�2]=T4 C =1?5=
2_9 GuI = CFE j�lGm C 4Q9<Kd6>SU= C 9<8BA�4>6 ?5=UK5A I h�=T9 I y 2_9 GDI = C 6 o I 6 C =�9�254¦n76w8W9�2�x_9<6*=`?d=��¯�z�z�'£ & �¯�-, �����
�/� % �I�T�c=TK56 I5JBC =|2_9<6*6>=(? J 4>=7R C =TSU=TK C h�8W9�2�x_9<6*=;'����'�)(������I���'�	� & �'�I���t���z��)r9<2d4¦nT6�9*h<A J 4�4>=is I[I K
9<R GDI5JBC*C =7S1=7K C ? I 2_9 GDI = C 2z=74>? Ib#
mt8 I 6 J = I 4*6&Z CQI ?5=76&?5=k2]=T4 O A�4>S19<K5R7= A<K C SUA�K C 4*Z GDI =gj�lGm^q{=7K5AM?5A�K5K5= ?5=76e2]=T4 O A�4>S19<K5R7=T6
258 I 6�SU= J 8B8W= I 4>6 GDI =(R7=T8B8W=76�?5=�j�lGm jq9tx5Au=|=TK[RT9<6�?5=|2]=T4 C =|?-, I Kk6*= I 8 259 GDI = C 259<4 O =TK =7C 4*=(?5=
R7A�K5f�=76 CQJ A�K # {tKeRT9<6�?5= 2z=74 C =76�S I 8 CQJ 258B=T6 E 8B=T6�2z=74 O A�4*S19<K5RT=763?d= j�lGm q{=7K5A`6*= ?5ZTf�4>9<?5=7K CT#
m-A I 4r4>=7S1Z7? J =T4 hwR7={2d4>A4*58}nTSU= I K1K5A I h<=T8z9<8Wf<A�4 JaC x5SU=�2]=T4>SU= C>C 9�K C ??,xZih JaC =74 8B=T6 CQJ SU=nX A IdC 6r2]A I 4
j�lGm2q{=7K5A � =7K1RT9<6t?5=s2]=T4 C =T6tS I 8 CQJ 258W=76��t9�Z C Z J K C 4>Au? I5JaC�� � � E R ,�=76 C 8W9�h�=T4*6 J A�K-j�lGm �3=-� q�=TKdA #

.0/213/ R0/L. � 8���

C ����C :39

m-A I 4 j�lGm q�=TK5A E Rzx_9 GDI =w2z=74 C = ?5=�259 GDI = C ?_9<K56 I K5= O =TK =nC 4>= RT9 I 6>=w8W9U4*ZT? I R CQJ A�K ?5= ����� �T�¯�����
hw8:9cSUA JaCQJ Z E ?_9<K56p8W=3RF9<6~?d=^2]=T4 C =�?5=�2d8 I 6 GuI =�?5= I y�2_9 GuI = C 6p2_9<4 O =7K =7C 4>=�8B=|q·j�� =Yyd2 J 4*=�= C 8:9
2�x59<6>= ª 8BA � ªuC 9<4 C K5= 2]= IdC 258 I 6 =7C 4>= Zih JaC ZT= #
p{L_K`?-,�Z�h JaC =74 R7= C*C =�?5ZTf<4Q9<?_9 CQJ A�K`?d={2]=T4 O A�4>S19<KdRT=T6 I K5=�SUAu? J L5RF9 C>J A�K`h Z C Z{9<2d2zA�4 C Z�h 8:9�2�x59<6>=
�b�]9�6 C q{=7RTA*h�=74/� �|?59<K56�j�lGm �3=-� q�=TKdA # lp= C>C =|SUA$? J L_RT9 CQJ A�K;?5ZnL_K JaC�I K5=i254>AuRTZ7? I 4*=(9<252]=T8BZT=
�b�]9�6 C q�=TR7A�h<=T4K� � GuIdJ RTA�SUSU=TK5R7= GDI 9�K5?k8W= � n7S1=�p�lG¶ ? I 258 JWGDI ZU=76 C 4>=is I = C GDI5J 6*= C =T4*S J K5=
h[80,�=Yyd2 J 4>9 CQJ A�KM??, I K q·j�� A I hk8W9[4>Z7RT=T2 CQJ A�K ?-, I K p�lG¶ GDI5J 9<R GDI5JBC*C = 8:9 C A C 9<8 JaC Z�?5=76`?5A<K$X
K5Z7=T6 C 4>9<K56*S J 6>=76|�;RTA<S12d4 J 6wR7=T8B8W=76 =TK�h�A*��Z7=T6c9 I ?5Z
* I$C ?5=(8:9�254*A$R7ZT? I 4>=��K� 9<6 C q�=TRTA*h<=T4/� � � � � #
� ,�9<8Wf<A�4 JaC x5SU=�2]= IdC�=nC 4>= ?5Z7RT4 JBC ?5= 8:9 O 9ts7A�K@6 I5J h�9<K C =s,
;<#R��I 9�K5? 8W= � nTSU=�p�lG¶ ? I 258 JBGDI ZV=T6 C 4*=
s I = C 80,�Z7SU= C>C = I 4 K?,x=T6 C 2_9<6 ?5ZKo*hs=7K C 4Q9 J Kw??,�=Yy$ZTR I$C =T4
8W9(254>AuRTZ7? I 4*= �b� 9<6 C q�=TR7A�h<=T4K� � O 9 J 4*=G,

�
���������
�
� / ) *3+�-
�

=7K54>=7f J 6 C 4*=T4~8B=�K I SUZT4*AU?5=�6>Z GDI =TK5R7= 8W=�2d8 I 6sZ78W=�h�Z GDI5J 9|Z C Z C 4Q9�K56>S J 6s?_9<K56 I K5=�h�9<4 J 9)*58B=
'��¯�z�z� & ����) ;
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�u# q�= C 4Q9<Kd6>SU= C*C 4>=�8B=s6>=7f�SU=TK C 2]=T4*? I = C 9 � =TR C =T4Vh�R���Kd?`8W9�h<9�8W= I 4r?5=�6>6 C x54>=76¦x`258 I 6 ����� ª�ª
� K5A�S@*54>=V?5=V6>=Tf<S1=7K C 6 GDI5J A�K C Z C Z C 4Q9<Kd6>S J 6q6 I 4-8B= 4*ZT6>=T9 I = C * I�� =T4 J 6>Z76 2_9<4 8B= 4*ZTR7=T2 C = I 4 �',

) *3+.-0/ �
���������
�
�02 ��o 47686

�$# m-A I 4 Rzx_9 GDI =�9<R GDI5JBC*C =7S1=7K C ? I 258 JWGDI Z^4>=
s I�J KdRT4>Z7SU=TK C =74?�����r�`?5= ; � ª�ª = C =TK�h<A��<=T4 I K
KdA I h�=T9 I 6>=Tf<S1=7K CF#

� # > 8:9 4>ZTR7=T2 C>J A<K ?-, I K 9�R GDI5JaC>C =7SU=TK C ?5=;K5A I h�=78W8B=T6�?5A<K5K5ZT=76 � R7= C p�lG¶ 2z= IdC$=nC 4>= I K5=
4*ZT2]A�K56*=`h@8W9 4*= C 4>9<K56*S J 6>6 J A<K ?5=U81,xZ C 9<2]= �$E A I h I K5=14>= C 4>9<K56>S J 6>6 J A�K 258 I 6i4*ZTRT=7K C =@� E 6 J
R7= C p�lG¶ 9<R GuIdJBC*C =�8B=�6>=7f�SU=TK C ?5=�K I SUZT4*AU?5=�6>Z GDI =TK5R7=����¯�z�z� & ��� �39<8BA�4>6 J 8z=T6 C R7A�K56 J ?5Z74>Z
R7A�SUSU= 80,}9�R GDI5JaC>C =7SU=TK C ?5= C A I$C 8B=T6q6>=7f�SU=TK C 6q=TK�h�A*��Z76t?5=T2 I5J 6q8:9 C 4>9<K56*S J 6>6 J A<K|? I 259 GDI = C
2]=T4*? I = C o I 6 GDI ,�h`8W914*ZTR7=T2 C>J A�Ke? I � nTSU= p�lG¶ ? I 258 JBGuI Z #�ª$J 81, p�lG¶ 4>=is I =T6 C ?5=9h�9<8W= I 4
J K O Z74 J = I 4Hh`'��¯�z�z� & ����) � J 8D=76 C 9�252z=78WZp9<R GDI5JaC>C =TSU=TK C 2_9�4 CQJ =T8 � E R ,�=76 CtI Kd= J K5? J RF9 C>J A�Kc?5=p2]=T4 C =
?d=�2_9 GDI = CTE 9<8WA<4>6sA�K@4>= C 4>9<K56>SU= C 8B= 254>=7S J =74{6*=Tf�SU=7K C K5A�Ke9<R GuIdJBC*C Z 6Q9<Kd639 C>C =7K5?54*= C 4>A J 6
9�R GDI5JaC>C =7SU=TK C 63? I 258 JWGDI Z763= C A�KeKd=w4*ZT? IdJBC 2_9<6 �����
�T�¯����� ;

�u# � 9c2Px_9<6>=�?d=�4>=TR7A I hu4>=7SU=TK C 4Q9<2 J ?5=�R7A�K CQJ K I ==o I 6 GDI ,�h(RT= GDI = C A IdC 8B=T6s2_9 GDI = C 6 C 4Q9<K56*S J 6
9�h�9<K C ?5= 4>=7K C 4>=743?59<K56�RT= C>C = 2�x59<6>=w6>A J =TK C 9<R GuIdJBC*C ZT6

.0/213/ R0/LR � 8�����C�� E �
> 81,xA�252]A�6*Z�?5=<j�lGm"jq9tx5Au=1= C j�lGm"q�=TKdA;A�� A<K RTA<K C>J K I =�he9 I f�SU=TK C =74|8:9 C 9 J 8B8W=`?5=�8W9 O =YX
K =nC 4*=�o I 6 GDI ,�h ?5Z C =7R CQJ A�K ?5=@2z=74 C =@?5=@2_9 GuI = C RTA�Kd6 J ?5ZT4*ZT=&R7A�SUSU= J K5? J RF9 CQJ A�K ?d= R7A�K5f�=76 C>J A�K
? I 4*ZT6*=F9 I � 6K�$6 C n7S1=76i4*ZF9<R CQJaO 6�� E j�lGm �r=7fg9<6�SUA$? J L_= � 9 I f�SU=7K C =(A I ? J S J K I =@��8W9 C 9 J 8B8W=|?d=(8:9
O =7K =7C 4>=�he2_9<4 C>J 4i??,xA4*56>=74/h�9 C>J A�Kd6|= � =TR CQI Z7=T6(6 I 4c8B=T6�q·j j �Iq{A I K5? j-4 J 2 j J SU=76��i?5=76|2_9 GDI = C 6
Z7S J 6R� 6/�u6 C nTSU=3254>Z�h�=TK C>JBO � #Pª$J 8W=76=q�j j A4*56*=T4/h<ZT6 6>A�K C 8:9<4*f�=T6�j�lGm �r=Tf�9<6r?5ZT? IdJBC GDI =^8B=�4>ZT6*=F9 I
R7A�SUS1=7K5RT=^h =nC 4>={RTA<K5f�=T6 CQJ A�K5K5Z3= C ? J S J K I =�2_9�4VR7A�K56*Z GDI =TK C 8W9 C 9 J 8W8B=3?d=38W9 O =7K =7C 4>=^?d=3R7A�K5f�=76 X
C>J A�K #�ª$J 8B=T6�q·j j 6>=�4*ZT? IdJ 6*=TK CFE j�lGm �r=7fg9<6s4>=7RTA�KdK_9 JaC�GuI =w8B=�4>Z76>=T9 I K-,�=76 C 258 I 6�RTA�Kdf�=T6 CQJ A�K5K5Z
= C RTA�SUSU=TK5R7=|hU9 I f<S1=7K C =T4{8W9 C 9 J 8W8B= ?5= 8:9 O =TK =7C 4*= #
m-=TK5?_9�K C 8W9|2�x_9<6*= � ���'�)(������©���'� � & �'�I���t���z���38W9 C 9 J 8B8W=�?5=�8W9 O =TK =7C 4*= =T6 C SUAu? J L_ZT=�R7A�SUS1=�6 I5JaC ,
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& ����� =T6 C 8W9~h<9�8W= I 4�A4*56>=74/h<ZT=c? I q·j j #
& ��� � ������� =76 C 8W91258 I 6�2]= CQJaC =|h�9<8B= I 4�?5=76�q·j j/A4*d6>=T4Kh�Z76 #
& 
 ��� � 6>A�K C ?5=T6{RTA<K56 C 9<K C =T6 #

m-=TK5?_9�K C 8W9|2�x_9�6>= ª 8BA � ªDC 9<4 C 8:9 C 9 J 8W8B=�?5=�8W9 O =TK =7C 4*=�=T6 C�J KdRT4>Z7SU=TK C Z7=w?-, I Kd=�h<9�8W= I 4sZTfg9�8W=�hi8:9
SUA JaCQJ ZT= ?5= RT=78W8B= IdCQJ 8 J 6>Z7=i2]A I 4 j�lGm jq9tx5Au=�= C j�lGm q�=TK5A #
j�lGm �r=7fg9<6V2z=74>SU= C ??,}9�K C>J R J 2]=T4V8B=T6pZ C 9 C 6 ?d=3R7A�K5f�=76 CQJ A�K`=TK�9�o I 6 C 9<K C 8B= C 9 I yU?5= C 4>9<K56>S J 6>6 J A�K
= C S1Au? J L_=�8B=�S1Z7RF9<K J 6*S1= ?5= ª 8BA � ªuC 9<4 C =TKMZih JBC 9<K C ?5=�RT4*ZT=T4U?5=76(2z=74 C =T6U?5=�2_9 GDI = C 6U2]A I 4
C 4>A I h<=T4�8W9 *59<K5?5=w2_9<6*6Q9<K C = #

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

� = C 4Q9�-�9 J 8HRTA�K56 J 6 C =U=TK I Kd=(254>=7S J/. 4*=(2_9<4 CQJ =Uh J ?5=7K CQJ L_=T4 8B=T6 254>A)*58 . SU=T6�4>=78:9 CQJaO 6 9 I[O A�K5R C>J A<K$X
K5=7SU=TK C ?5=1032,4/6 I 4�?5=T6�4*ZT6*=F9 I y65_9 IdC ?dZ
* JaC = C h�?5Z7RT4 J 4*=(8W=76 9<SUZT8 J A�4>9 CQJ A�K56 J K C 4*A$? IdJBC =T6 9 I
254*A C AuRTA<8W=�2]A I 4s80,}9�?_9<2 C =T4{h(?5= C =T8B6{=TK+- J 4*A�K5K5=7S1=7K C 6 #
7 K5=^6*=TRTA<K5?5=�2_9�4 CQJ =^=76 C RTA�K56>9<RT4*ZT=�hi8:9w254>Z76>=TK C 9 CQJ A�K�?5=76~=ny$2]ZT4 J SU=TK C 9 CQJ A�K56 GDI5J A�K C Z C Z^= � =7RnX
C>I ZT=76�?_9<K5638W=@* IdC ??,�Z CQI ? J =74�8W=76�2]=T4 O A<4>S19<K5R7=T6�?5=�032,4 ?59<K56 I K;=TK+- J 4*A�K5K5=7SU=TK C 5_9 IdC ?5Z
* JBC
9 J K56 J\GuI ,}hU81,�9<K_9�8/8u6>=w?5=76{4*ZT6 I 8 C 9 C 6{A4* C =TK I 6 #
� =T6 C =T6 C 6 A�K C Z C ZU4>ZT9<8 J 6*ZT6 6 I 4 ?5= I y C 8u2z=76i?d=(RTA�K5Kd=ny J A<K56 I$CQJ 8 J 6Q9<K C 8:9�L *d4>=UA�2 C>JWGDI =URTA<S1SU=
6 I 252]A�4 C ?5= C 4>9<K56*S J 6>6 J A<K0,
;<# 7 K5= RTA�KdK5=ny J A�K&=7K C 4>= ?5= I y S19<R95 J K5=T6{=TK 2zA J K C h(2zA J K CF#
: # 7 K5= RTA�KdK5=ny J A�K&?5= *]A IdC =7K�*]A IdC 6 I 4�8W= 4>Z76>=T9 I =Yyd2]ZT4 J SU=7K C 9<8 �;0"< vc#
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4;:=<?>A@=B-<?CD>FEHGI<KJ?B->ML	NOGFPQL	NOGICAESRT<?B 032,4�U�B-<VGXWYL	N?ZHGA@[L\N?N?B-CXJKBSP5]^N?@ . CABS_`])*K:[BSB8GM]\>A>DB-abU0BHCDWYL	Cdc
Pe]\NOGIB9>A<?CfJK@ � E-CDB-NOGI>fG 8gU�B->SJ?Bh:=@=B-N?>SijNOGIBHCAN?B8GbJ?L	NOGS:[]kZl]^Um]\Z-@nGIE9J?BhGICA]\N?>APQ@=>A>D@[L	NoJ?B9J?L	N?N?EHB->
-^]\CD@[BpJ?B9RT<?BH:[RT<?BH>SZ-BHNTGI]\@=N?B->fJKB *?@nGI>Iq^>srYZ-L	N?NKB8tV@[L\N � LVJKB-P'u �	v\v *?@nGI>Iq^>xwzy{<?>ART<?,|uk:0,|L	CDJ?CAB}J?B
ZHB-NOGx]\@=N?BH>hJ?B � *?@nGI>xq~>-��ZHB-U�B-N?J?]\NOGhU?:=<?>A@=B-<KCA>hU?CDL4*?: . PQB->9:[@=E->9u�:[]�U�B-CDWYL\CAPe]\N?ZHBkJ?B 032,4�]^UVc
Um]^CI]\@=>A>DB-NOGhJm]^N?>9:=BkZ-]\>}JKB->hCDE->AB-]\<Vt�u��\CI]\N?J�U?CALgJ?<?@nG}J?E-:[]\@�c *m]\NKJ?BkUm]^>A>I]^NTGAB\� 2�BkUm]\CA]\P . GACAB
>D@[�	NK@=_mZ-]^GI@nWFB->{Gh:=B"U?CDLVJ?<K@=G}J?Bk:[] *m]^N?J?BkU?]\>A>A]\NOGIB��"r0*?@nGI>Iq^>xwbBHG9J?<�J?EH:�]\@�B-NOGACAB":0,|EHPQBHGAGAB-<?C9BHG
:=B"CAEHZ-BHUKGIBH<?C�r�� 0 0Mw���@=:�U?CDE->ABHNOGIB�:�]�RT<m]^NTGA@=GAE�J?B�J?L	NKN?E-BH>sE-PQ@[>DB->QBHGhN?L	N�B-NKZ-L	CDB�]\Z-RT<?@nGAGAE-B->
U�B-CDPeB8GAGI]\NOG�J-,�]�-	L\@[CF<?N?Bp<KGA@[:=@[>A]^GI@=L	N BH�eZl]^Z-BpJ?Bb:�]�*m]\NKJ?BbUm]\>A>A]\NOGIBpJ?@=>AU�L	N?@ *?:[B5�|�~���
� @mZHBFU?CALgJ?<?@nG�B->{G�>D<?U0EHCA@=B-<?C�u ;�v	� *?@nGI>�:[BFCDE->AB-]\<kBH>DG�RT<m]\:=@=_?E�J?BFCDE->AB-]\<"uS�	CA]\N?JeU?CALgJ?<?@nG�J?EH:�]\@�c
*m]^N?J?BhUm]^>A>I]^NTGAB\� 4�]\CfB�tVB-PQU?:=BsU0L	<KC�<?N�CDE->DBl]\<oJ?Bp_ *?CAB9L	UKGI@=RT<?Bs]�8O]^NTGb<KN�J?E-:[]\@�J?B ;�v Pe>�BHG
<?NKB *?]\N?J?BbUm]\>D>I]\NOGAB}J?B �	v\v � *`q^>FZ-BbU?CDLVJ?<K@=GMJ?EHUm]\>A>DB ;lv\� *?@=GA>-�
  NsB � BHGz:1,¡@[NOGACALgJ?<?ZHGA@[L\NsJ?BX:�]M_ *?CAB�L	UKGI@=RT<?BF]�U�B-CDPe@=>;J?,|]^GAGAB-@=N?J?CDBXJ?B-> -g@nGIBH>A>ABH>�J?B¢GICA]\N?>APQ@=>A>D@[L	N
GAC . >�E-:=B -\E-B->F>D<?C¢:=B->¢:=@[BHN?>-�VBHG$-V<�RT<?B�:1,¡@[PQU?:=E-PQBHNTGI]^GI@=L	N�J?B 032,4£N?B�U?CABHNm]\@nGXUm]\>�B-N�Z-L\N?>A@=J?E-CA]~c
GA@[L	N�J?BSGAB-:=>�]\>DU0BHZHGA>MJKB->MU?CAL4*K: . PeBH>�]^U?Um]\CA]\@[>D>ABHNTG�Jm]\NK>M:=BbZl]\>FJ?BH>FCAE->DBl]\<gt 5m]\<KGMJ?E+*?@=G-�
7 N?Bf]\N?]\:/8g>DBfJ?B�ZHB->�U?CAL4*K: . PeBH>X]\@=N?>A@0RT<?,|<KN"B-N?>DB-P@*?:[BSJKB�>AL\:[<KGA@[L\N?>¢CABH:�]~GI@ -	B->�>AB-CDL	NOGXU?CDE->ABHNOGIE->
Jm]^N?>FZ-BbZ95m]\U?@nGICDB\�
¤8¥x¦g§�¨l©¡ª�«D¬�¬­«¯®�«�ª�°�§8±~¬­²¢©³¬�¬�©�´8±�µ³§�¶·µ�¸~¬?¹{µ�«{¨H¹{«�¶^´H¸·¨x§�±-ªmºdª�°�«�§xª�ª�«{©�±-ª�«H»8®�¹dª�«{°�²¢©|±·¹D«�¶~§�°?µ³§�¨l©|ª�«A¬�¬�«¯®�«�µ[¼ ¹{µ�«{²¢«{±-ª

µ|«z¶·µ�¸~¬¯µ�«{±-ª3¬�¸·°¯¸·±S½¿¾·«D²�©�±f®�¸f°�¹A¬­«A§�¸T¥
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4 ]^N?>�<KN CAEH>AB-]\< Z-]\CI]\Z8GIEHCA@=>AE9U?]\CF<?N?B65m]\N?J?BpUm]\>D>I]\NOGAB9CAEHJ?<?@nGIB}:�]sGICA]\N?>APQ@=>A>D@[L	N J87|<KN?BpWYBHN:9HGACAB
J?B9J?L	N?N?EHB->S>D<?CS:[B9:[@=B-NoU�B-<KG;98GICDBs>AZ95?EHP5]~GI@=>AE-BQUm]^Cf:�]k_?�	<?CAB � �=<sL"> <?N?B9WYBHN:9HGACABsJ?B9GI]\@=:[:=B@? v
A 5?@nGI>QZ-L\NTGAB-Nm]^NTGB< v >ABH�	PQB-NOGI>5J?B�Gx]\@=:=:[BC? A 5?@nGI>QB->{GQGICI]^N?>APQ@=>AB >A<?Ce<?N :[@=B-N J?B�Zl]\U?]\Z-@nGIEBD !
A 5?@nGI>Iq^>-�
4 ]^N?>XZ-BSZ-]\>X:[B�CAE-ZHB-UKGAB-<?CFZHL	PQPeBHN?Z-BpuhCDB
E-B&-	L	@=CFJ?B->X>DB-�	PQBHNTGA>FJ?BSJ?L	N?NKE-B->M]�-^]\NOGXRT<?Bb:F7¡E-PQB8GDc
GAB-<?CFN87|]\Z95 . -	Bh:[]QGACI]\NK>APQ@[>D>A@=L	N J?Bb:[]5PQL	@nGI@=E}J?Bp:[]QWYBHN:9HGACABpJ87|EHPQ@[>D>A@=L	N���:[]@5m]\N?J?BpUm]\>D>I]\NOGAB9J?<
:=@[BHN�BH>DG�5?@=B-N <KGI@=:=@[>DE-B\�

Tampon d’emission Tampon de reception

Lien reseau

To+8 Tseg

To+3 Tseg

To

GIHKJML � �N<�OQP:RTS"U�VXWZY[V\VXY^]_Ua`cbd`c]_UeUgf\b\V�VXhcRihjUkR&f\VlbmS"ha`cbonmSXp�ScnXYKqrf;R\fm`"hcYKqsb
t
u ]}_m�\<?CAB � � : CDB-U?CDE->ABHNOGIBb:[BfGACI]\NK>DWYB-C{GXJ87¡<?N?BfWYBHN:9HGACABfJ?BSP@9HPeBfGI]\@=:[:=BfRT<?BS:v7|B�tKBHPQU?:[BbU?CDE-ZHE-J?BHNTG
>D<?C}<KN�:[@=B-N�u��	CA]\N?J?B�-g@=GAB->A>DB�J?BQGICI]^N?>APQ@=>A>A@=L	N�� 4 ]\N?>}Z-B5Zl]\>}:�]�GIL\GI]\:[@nGIEeJ?B5:�]�WYB-N:98GICAB 032,4
BH>DGFE-PQ@=>ABp]�-^]\NOGFRg<KBp:=BSCAEHZ-BHUKGIBH<?CFN?BSCAB)E-L	@ -	Bb:=BSU?CABHPe@=B-CFLgZHGABHGXGICA]\N?>DPe@=>-� 2�BHZ-@�CDE->D<?:=GABbB-N�<?N?B
>DL	<?>{c¿<KGI@=:=@[>A]^GI@=L	NsJ?B�:�]�Z-]\Um]\ZH@=GAE¢J?<h:=@=B-N -g<hRT<?B¢:v7|EHPQBHGAGAB-<?C;NKB�U�B-<KG;EHPQBHGAGACAB¢JKB->zJ?L\N?N?E-BH>zJ87¡<?N?B
N?L\<�-	BH:[:=BpWYBHN:9HGACABbRT<87|]\U?C . >�:[]QCAE-ZHB-UKGA@[L\N�J?< U?CDB-PQ@[BHC�]^Z-RT<?@nGAGIBHPQB-NOG�JKBp:[]sWYB-N:98GICABbU?CDE-ZHE-J?BHNTGAB\�
u ] -V@nGIBH>A>DBfJ?B�GACI]\NK>APQ@[>D>A@=L	N"EH:[B&-	E-B�U0L	<KC�:=B->�CAE->DBl]\<gt 5?]\<KG�J?E
5?@nG¢BH>DG�Lw5KGAB-NT<?Bf�	Cmx\Z-B�ub:�]pRg<?]\NVc
GA@=GAEhJ?BhJ?L\N?N?E-BH>bE-N?L	CDPQBhU0L\<�-^]\NOGfGICA]\N?>A@nGIBHCS>A<?C�:[Bs:=@[BHN r­�	CA]\N?J?B9Zl]\Um]^Z-@nGIEsJ?< :=@[BHN`w8�0GIL	<KGABHWYL	@=>
:v7|BHNOG&9HGAB;032,4�<KGI@=:[@=>ABS<KN"Z95m]\PQU�J?Bo<yDz5?@nGI>¢U�L	<?C�@[NKJ?@[RT<?BHC¢:[]}Gx]\@=:=:[B�J?Bf:[]}WYB-N:98GICDBfJ?B�CDE-ZHB-UKGA@[L	N
rYCT{FN?J`w¢ZHBpRT<?@¯:=@=Pe@nGIBp:[]sGI]\@=:[:=BbP5]·tK@=Pe]\:=BpJKBp:[]sWYB-N:98GICABpu@DO� A L r :"|v} w8�
7 N?B�N?L	<�-	B-:=:=B L\UKGI@=L	N J?B�:v7¡B-NOG&98GIB 032,4)r�~K��YKU�`c]_��VlnmS"�[b�]\p�qvY^]_U���we]�EHGAE J?EH_mNK@[B��|�~�S]~_mN J?B
U�B-CDPeB8GAGACAB�J87|] -\L	@=CeJKB->sWYB-N:98GICDB->eJ87|EHPQ@[>D>A@=L	N�J?B�GI]\@[:=:=B�U?:[<K>e�\CI]\N?JKB\�;Z-B8GAGAB L\UKGI@=L	N�J?EH_?N?@[B <?N
� ScnXqsbXhjRiWZhc��qFY�p���Y^nmS"qvY � U�L	<�-^]\NOGM]�-	L\@[CF<?N?B -^]\:=B-<?CFPe]~tV@=P5]^:[BpJ?B@< ! �
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2�B8GAGIB�L\UKGI@=L	N B->{Go@[N?JK@[RT<?EHB�u!:v7|E8Gx]"5K:[@=>A>DB-PQB-NOG�Jg7|<?NKB ZHL	N?N?B�tV@[L	N�]\< N?@ -	B-]\< J?B->o>ABH�	PQB-NOGI>
� ������� B8G � ����� �	�32 A � �;:�]�GI]\@[:=:=B�J?B�:�] WYBHN:9HGACAB�B->{G5L"5KGIBHNg< B-N�J?EHZl]\:[]\NOG5u �O]\<?Z95?B�:v7|BHNVc
GA@[BHCk@=N?J?@=Rg<KE Um]\Ck:=B�Z95m]^PeU�
 {F@[NKJ?Ll{ >D@[aHB
� J?B�ZHB-:=<?@�@=N?J?@=RT<?E Um]\C5:[B�Z95?]\PQU�
s{F@=N?J?Ll{'>AZl]^:[B
L	UVGI@=L	N��x�
u ]hGx]\@=:=:[BbPe]~tV@[Pe]\:=BbU0L\<�-^]\NOG�98GICDB}]~GAGIBH@[NOGABpBH>DG�]\:=L	CA>FJ?B :���� Z"7¡B->{G�uQJ?@=CAB@<��SL?�

Tampon de reception

delai 

Tampon d’emission

GIHKJML � � : O P:RTS"U�VXWZY[V\VXY^]_Uk`cbz`c]_UeUgf\b\V�VXhjRihcUkR\f\VlbmS"h���S"hcq�`cf��
YKq

+$#D+ ���,#+* � (H7���� � ( �F/�# *���1 �!� 6�/'� �6�X1 # � 4'� � (-6"��7 �F6�1 � �C*$#

% 6'�,#&�

u ]QU0BHCDGIBbJ?BpUm]\RT<?B8GI>MJm]\N?>M<?N�CAE->DBl]\< ue�\CI]\N?J U?CDLVJ?<K@=GMJ?EH:�]\@�cs5?]\N?J?BpUm]\>D>I]\NOGIBpCAEH>A<?:nGIB}B-N <?N?B
J?EH�	CI]^Jm]^GI@=L	N CABHP5]^CART<m]"5?:=BeJ?<�JKE
5?@nG9Jg7|<?NKB5ZHL	N?N?B�tK@=L	N 032,4 -g<�Rg<KB5ZHBHGAGAB5U�B-C{GIBQB-NOGACI]('�N?Be:�]
CDE-J?<?Z8GI@=L	N!J?B :�]�WYBHN:9HGACAB�J87|EHPQ@[>D>A@=L	N u�:�]�PeL\@=GA@[E�BHG":v7¡B8tVE-ZH<KGI@=L	N J?B :[]�U 5?]\>AB ~*) �[]_�+) q^S"R�qm� t
u 7¡@[NOGICDLVJK<?ZHGA@[L	N�J?B->}]\:=�	L	CD@=G 5?PQB->$
-,`]\>DG}�FBHGACI]\N?>DPQ@=G-�eBHG�
-,`]\>DGp�FB-ZHL -	B-C 8.��� D^��]�U0BHCAPQ@[>p:=B5CDE8c
GI]"5?:=@[>D>AB-PQBHNTG}J?B1032,4�]\U?C . >b:�]"U�B-C{GIBsJ87¡<?No>ABH<?:;Um]\RT<?B8GbUm]\CfWYB-N�9HGICDBsJ87¡E-PQ@[>D>A@=L	N r�-	L	@=Cf_m�	<KCAB
� � � w���Z-BHU0BHN?Jm]\NOGp:F7¡B8tVUm]^N?>A@=L	N�JKBe:[]�Gx]\@=:[:=BsJ?BQ:[]�WYBHN:9HGACABeJ87¡E-PQ@[>D>A@=L	N�]^<?�	PQB-NOGIBQ:[] UKCALw5m] 5?@[:=@nGIE
J?BbU�B-C{GIBbJ?BbU?:=<?>A@=B-<?CD>�U?]\RT<?BHGA>�Um]^C¢WYB-N:98GICAB^�
43L	<?CXCABHPQE-J?@=B-CFusZ-BSUKCALw5?: . PQBS<?N�PQE-Z-]\N?@=>APQBbJ87|]\Z-RT<?@nGAGAB-PQB-NOGI>�>AEH:[EHZHGI@nWY>}r­ZHL	N?NT<�>AL	<?>X:v7|]\U?U�B8c
:[]^GI@=L	N/
 � B-:=B-ZHGA@/-\B��32 A N?Ll{F:=B-J?�\PeBHNOG0��]_h � �32 A wF]sEHGAEpUKCAL	U�L	>AEe� ?^���
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congestion avoidance

congestion avoidance

20

18

16

14

12

10

4

8

6

2

0

 2         3          4          5        6         7          8          9         10       11        12        13       14      1
          RTT ("Round Trip Time")

Congestion Window

ss−threshold=16

slo
w st

art

detection de perte d’un paquet 

congestion avoidance

ss−threshold=9

ss−threshold=5

par des acquittements dupliques

���������
	��
�����������������������! "�$#�%'&)(*�,+-��.� /#10,23&54�4��������! 6(*�728#9%!���: ;�<(>= ���?4����*2�%
#1@,�!�� A%
#B�DCE���GF� )���,H

I�J)IKJML NPORQ S�TUORV

WDXZY�[7!�Y]\@!+ _^B\?`aY
b�cKdfehg`!M 8iD 8jkY7`aY,g*[l\a^mg
nBY,i8i_Y]jo^mp`!M 8^m\aj�`aY9iqXZY,\O!krA!�Y7sKdftvu

�UwMb�cKdfeyx;p'Y,z${� j!+!kY,`�|}u~p~^mg
z� 8\a`% 8�*g
Y,z9iqXZg8!+ _i" _j+�5!M 8^m\�`aY�b�cKdfe���Y,\1nm^��B�,Y���iqXZ�A!M�B�ai" _j$jkY]{�Y]\O!
`GX�ga\
Y7�]^m\a\aY:[` _^m\G	

��WDXZ^mp8!+ _^m\Ub�cKdfe�u"Y,\1nm^��m�]Y¤�Bpaz$�,j�iqXZ�A!M�B�ai" _j$jkY,{�Y]\@!�`aY�iD���,^m\a\
Y�[` _^B\Up'^mgaz� _\a`8 _��gaY]z�i8Y,j
�
i_^*�,j�zkY]�,gaj]	

W�Yvpaz+ 8\a�A _p'Yv`aY������-� �]^m\aj+ 8j*!kY?��z$Y,p'^mz*!kY,z�`(�B\aj�i8Y,j��B�]�*g8 "!*!�Y,{�Y]\@!kj�i8Y,j��ai8^��]j��]^m\O!M 8�mgaj�`aY
j$Y,�m{�Y,\O!kjoz$Y,�,g
joYR!o\
^m\�Y]\a�,^BzkY	�B�,��g% j!+!k�,j]�'i)XZ�,{�YA!*!�Y,g
zyzkYR!�z+�B\ajk{�YR!��}i_^mz$j�i_Y]jKj$Y,�m{�Y]\@!kjy\�X��E�O�B\O!
p(�}jK�R!��9zkY]�,gajKY,\ljkY7zk�����,z+�B\O!��}g�[� 8\@!kY,zMn��}i_i8Y,jo`aY9\*g
{��]zk^mjK`aY9jk�]��gaY,\a�]Y,jyn7 8`aY,jKY,\O!kzkY7i_Y]jo�ai8^*�,j
 8\a`% 8��ga�,j]	
d��(�}�*g
Y��ai_^*���,^B\@!+ _�Bg `
Y�`a^m\a\a�]Y,j�z$Y,�,g
Y,j�YA!�\a^B\¡Y,\a�]^mzkYÅ�B�]�*g8 "!*!��,Y]j�Y,j*!T 8`aY]\@!+ 8¢a�lp%�Bz�`aY]g�[
Y]\@!+ _Y]zkjK`aY�£�¤��% j!�j,u

�¦¥§z* _�K 8\aY�z$Y,iD�5!M ¨nmY}u6i8YvpazkY]{T _Y]z�\�ga{��]zk^R`aYvjk�,��gaY]\a�,Y�`ag �ai_^*��zkY]iC��!M ¨nmY,{�Y]\@!��Bg�\�ga{��,zk^
 8\a`% 8��ga�7p(�Bz�i8Y7���%�B{�p�cKdfe©`agvpaz$Y,{T 8Y,zKjkY,�B{�Y]\O!y`aY9iD����Y]\arA!kzkY}	



���������
	���
�����	�����
�	���
���������
�������������	 �������
	 �
	

O���]\@=:[:=BbJ?<C5?:[LgZ�
VGx]\@=:[:=BbJ?<C5?:[LgZbB-N LVZ8GIB8GI>-�

u 7¡L	UKGI@=L	N � ��� A U�B-CDPeB8G�JKB�>DU0EHZ-@n_mB-C�]\<eP5]·tK@=P9<KP <KN?BF:[@=>DGAB�J?B6< v 5?:=LVZH>�CDB
EH<?>�B8G�N?L	NeB-N?ZHL	CAB
]\ZHRT<?@=GDGIEH>-�

����������������������������
����������������������������

���������������������
���������������������

���������������������
���������������������

A
B

C

G

F

E

D Blocs de segments
non recus

D−E F−GB−CA

Tampon du recepteur

ACK option SACK

�������~��	��<���§�k@,�*&� ) �������! �4 4�.�25.��� q& C�4

WDX= _{�pai8�,{�Y,\O!M�5!M 8^m\�b�cKdfe `aY6sKdft�pazk�]jkY]z$nmY�iqX��Bi8�m^mz+ j!��
{�Y6`aY6�(�Bj$Y�`aY6sKdft��KY]\a^a� iD�o`% ��G�]zkY]\a�,Y
Y]j*!�j$Y,gai8Y,{�Y]\@!Å�}g \% ¨nmY[�}g `aY iD� zk�-�B�A!+ _^B\ � iD�Pp~Y]z*!kY?`aY�pai_g
j+ 8Y,gaz$j�p(�B��gaYA!kj�p(�Bz���Y,\arR!�z$Y `aY
`a^B\a\a�,Y]j,	

I�J)IKJ�� S�TUORV  "!�#%$'&)(+*�,�-/.0*2143657.81:9:*�5 ;<$= >&?.81:@BA

b` �iqXZ^mp8!+ _^B\
wDC� 8\a`a^ECUj$�[�Bi" 8\a�}|�Y]j*!"g8!kiD 8jk�]YB�mi8Y,j�£�¤o�% "!kjD`ag����(�B{�p�`aYfi)X�^Bp8!M 8^m\�b�cKdfe¦`
Y]n7 _Y]\a\aY]\@!
 8\ajkg<F�j+�B\O!�j"p'^mgazU 8\a`% 8��gaY,z"i)X�^mz* _�� _\aY�YA!"iD��!3�� 8i_i8Y�`aY]jD�ai_^*�,jDz$Y,�]gaj,	1Wh�§j$^mi_g`!M 8^m\��*g8 (�§�A!k��zkYA!kY,\�gaY
Y]j*! `aY<{<gaij!M 8pai" _Y]z§i_Y]j ���(�B{�paj§`
Y�iqXZ^mp8!+ _^B\Rb�cKdfe p%�Bzyi8Y�{�r,{�Y<���B�R!�Y]gaz§`aY�i)XZ^mp8!M 8^m\lwGC� _\
`a^EC
j$�[�Bi8Y�|�	
d�YR!+!�Y7jk^Bi_g8!+ _^B\} 8{�p
iD 8��gaY<ga\
Y
p'Y,z�!�Y9`aY7pazk�]�- 8j+ 8^m\ pag% 8jk��gaY
iqXZ^mp8!+ _^B\ b�cKdfehn5�� _\a`8 _��gaY]zoj$Y,gai8Y�x
{�Y,\O!�`aY]j�Y]\@!+ _Y]zkj�{<gaij!M 8pai8Y,j�`ag����B�A!kY,gaz<wDC� 8\a`a^EC jk�[�}i_Y:|��D{��� 8j��]YA!*!�Ylp~Y]z*!�Yv`aYvpaz$�,�A _j* _^m\ \aY
p'Y,g8!F 8\a`ag% 8zkY9ga\
Y7Y]zkz$Y,gaz���gaY7j+ �i8Y9���}�A!�Y]gaz�wDC� 8\a`a^EC j$�[�Bi8Y�| Y,j*!ojkg
p~�]z+ 8Y,gazK��iC��n5�Bi8Y,gaz:H babJI�	
KELNMPONQSRUT>VWT4XSY?Z[T\Y8]_^:XSRU`8Y)acbdOfegb�VihjZ[kGON]ilEYPm)ViON]_^nR�^nopl
q RU]Er�s[k�TtOu^nRUs[]ve�s[VgwuO[])^:x0^nk�Yy^nkGON]ihzT\RdhzYplgO[]WhtVg]

hzY?Z[T\Y8]_^|{E]go8Z)sS}8R�o?Y�~\b�q o0^�O[�gbURUh�hzY?T\Y8]_^�l
q VW]gY�}0s)]g]gY0QERUs[]�L
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+$#�� � �!��6�1��!� 4�6 � .�.

u 7¡@[PQU?:=E-PQB-NOGI]^GI@=L	N J?B �������O]^CI]\NOGI@=Bh<?N GACI]\N?>{WYB-C{GS_`]"5?:=BhJ?BsJ?L\N?N?E-BH>bB-NoCAB8GICI]^N?>APQBHGDGx]\NOGb:=B->
>DB-�	PQB-NOGA>}N87|]��O]\NOGpUm]\>SE8GIEe]\ZHRg<K@=GDGIE->bU�B-N?J?]\NOG}<KN @=NOGIBHC
	^]\:=:[BQJ?BhGAB-PQU?>5r������bw���
�N?BQBH>DGI@=Pe]~c
GA@[L	NoJ��gNm]^Pe@=RT<?BeBHGbU?CDE-Z-@=>ABeJ?<oGIBHPeU�L	CD@[>A]^GIBH<?CbJ?BsCAB8GICI]^N?>APQ@=>A>A@=L	N�BH>DGbJ?E8GIBHCAPQ@[N?]\NOGIBeU0L	<KCS:�]
U�B-C{WYL	CAPe]\N?ZHB}JKB ����� U?<K@[>DRg<g7|BH:[:=BhU�B-CAPQB8G�J87¡E�	g@nGIBHC�J?BH>�CDBHGICA]\N?>DPe@=>A>D@[L\N?>�@=NT<KGI@=:[BH>�Z-]\<?>AEHB->�Um]\C
<?NKB}>DL	<?>�BH>DGA@[Pe]^GA@[L	N�J?<��B���$L	<�<KN CAB8Gx]\CDJ J?Bp:[]eJ?E8GIBHZHGI@=L	N�JKB}U�B-C{GIBpJ?B9Um]^Rg<KBHGI>�Zl]\<K>AEpUm]\C
<?NKBp>D<?CFB->{GI@=P5]~GI@=L	N�JK< �����h�
u ]�	^]\:[BH<?CbJ?<��B��� B->{G9JKEHGIBHCAPQ@=N?E-B5B-NoWYL	N?ZHGA@[L\N�J?BQ:[] PQL��	BHN?N?B5BHGpJ?BQ:�]�	^]\CA@[]\N?ZHBQJ?<����t�
rY@[NOGIBHC
	^]\:=:[BQJ?BhGAB-PQU?>pB-NOGICDBQ:F7¡E-PQ@=>A>A@=L	N�J87|<KN�>DB-�	PQB-NOGpBHGp:[]�CAE-ZHB-UKGA@[L\N�J87¡<?N ]\ZHRg<K@=GDGIB-PQBHNTG9J?B
ZHBp>DB-�	PQBHNTGxw8�
�;:=<?>A@=B-<?CD>5@=PQU?:=E-PQB-NOGx]~GI@=L	N?>kJKB �����$B���BHZHGA<?B-NOG":=B->QPQB->D<?CABH>kJ?<£���t� B-N�<VGI@=:[@=>I]\NOGeZ-L\PePQB
EHZ��m]\NOGI@=:[:=L	N <?N >ABH<?:;Um]\RT<?B8GbUm]\CfWYBHN:9HGACAB\��Z-B-ZH@;U0BHCAPQBHGbJg7�]�		L\@[CS<?NKBQ]\U?U?CDL�tV@=Pe]^GI@=L	N ]\J?EHRg<?]^GIB
J?<}���t��U�L	<?C¯JKB->�WYB-N:98GICABH>�J?B;GI]\@[:=:=B�CDE-J?<?@nGIB^����L	<?C�<?NKB�	g@nGIB->D>AB�J?B�GACI]\NK>APQ@[>D>A@=L	N9GAC��->�EH:[B�		E-B�<?N?B
GAB-:=:[BbPQB->D<?CABpB-N?�\B-N?J?CDB}<KN?BbB-CACDB-<?CFJ87¡B->{GI@=Pe]^GI@=L	N JK< ���t��	g<�:[]QWYCDE-RT<?BHN?Z-BpJ87¡E-Z��m]\NOGA@[:=:[L\N?Nm]\�	B
W­]\@N5?:=BSUm]\CFCI]^U?U0L\CDGMus:�]hWYCDE-RT<?B-NKZ-B9JKB->FJ?L	N?NKE-B->H�
�M_mNbJ87�]�	\L	@[C�<?NKB;B->DGA@[Pe]^GA@[L\N}U?:=<?>¯U?CDE-ZH@[>DB�J?<p���t� U�L	<?C¯:=B->¯CAEH>AB-]\<Vt��m]\<VG¯J?E
5K@=G-��<?NbPeEHZl]\NK@[>DPeB
J?B5PQB->A<KCAB�J?<����t�pr­�ML\<?N?J �3CA@=U �X@[PQB���B-]\>A<KCAB-PQBHNTGxwhRg<K@�<KGA@[:=@[>DB"<?N?BkN?L	<�	\B-:=:[B�L	UVGI@=L	N�J?B
�����t
 b\VXq^S"W�p�YK�K�[bz`cb6qrbXW�peV}]sE8GIEb@[NOGACALgJ?<?@nG9� ! ���~���

 "!$#%!'& (�)+*-,�.0/21'3
35476849*-4:.0/8)<;<=?> @BAC;<=?> *D1'.04�)+*-,�.0/8)?EF/�*�1'E�GIHCJ

u 7¡L	UKGI@=L	N�J87¡B->{Gx]\PQU?@=:[:=BpJ?BpGAB-PQU?>j�����!Z-L\NTGA@[BHNOG�J?BH<Vt�Z��m]^PeUK>�J?B ! LVZ8GIB8GI>FZ��m]\ZH<?N 


O�� � 	\]^:�rz�X@=PeB � GI]\PQUK	^]\:=<?Blw[
D	^]\:=B-<?CFJ87¡B->{Gx]\PQU?@=:[:=BpU?:�]^Z-E-BpUm]\CX:v7¡E-PQBHGDGIB-<KC-�
O�� � B-Z-Ckrz�X@=PQB � Gx]\PQU B-Z��?L�CAB-UK:L�Kw[
�	^]\:=B-<?CbJ87¡B->{Gx]\PQU?@=:=:[B5B-NM		L��	EHB"Um]\CS:=BeCAE-ZHB-UKGAB-<?CH��B-:=:[B
JKL	@=G 9HGACAB�EH�O]\:=BXu�:[]�	^]\:=B-<?C�J?B\� � 	^]\:gZ-L	NOGAB-NT<?BXJm]\NK>z:[B�>ABH�	PQB-NOG�]\Z-RT<?@nGAGAEX]^_mN9J87|@=N?J?@=RT<?B-C
us:v7|EHPQBHGAGAB-<?CM:=Bp>DB-�	PQBHNTG�Um]\CXCA]\U?U�L	CDGM]^<?RT<?B-:�@=:�J?L	@nGFW­]\@[CDBS:�]QPQB->D<?CABpJ?<����t�S�

u BSZ��m]\PQU � � B-ZHC�ZHL	NOGI@=B-NOG�:[]N	^]\:[BH<?CF:�]sU?:=<?>MCAEHZ-B-NOGAB}J?Bp� � 	^]\:­�
u ]O	^]\:=B-<?C�J?<o���t� B->{GSLw5KGAB-NT<?BhBHN B��0B-Z8GI<m]\NOGb:[]kJ?@P��EHCABHN?Z-BsBHNTGACABh:v7¡@[N?>{Gx]\NOGSJg7|EHPe@=>A>D@[L\N�J87¡<?N
>DB-�	PQB-NOG;B8G;:v7|@=N?>DGI]\NOG;J?B¢CDE-ZHB-UKGA@[L	NsJg7|<?NQ]^Z-RT<?@nGAGIBHPQB-NOG�RT<?@KZHL	NOGI@=B-NOG;<?N?BQ	\]^:[BH<?CzJ?B2� � B-ZHC;E-�O]\:=B
u � � 	^]\:¯J?< >ABH�	PQB-NOG�B-NM		L��	E^�
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u ]k_m�	<KCAB � ���k@[:=:=<?>DGACABQZ-BsPQE-Z-]\N?@=>APQBQ>A<?Cb<?N BHN?>ABHPd5?:=BeJ?B@5?:[LgZ->SJKBsJ?L	N?N?EHB->bJ?BsNT<?PQE-CDL	>bJ?B
>DE-RT<?B-NKZ-B->)
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temps temps

.

.

.

<ACK(A), TSval=117, TSecr=1>

<A, TSval=1, TSecr=110>

<C, TSval=8, TSecr=125>

<ACK(B), TSval=125, TSecr=5>

<B, TSval=5, TSecr=117>
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ZE\]M(K`_3abMONTc`dO^/eUfgSER5^]\]PERih�^"KBM�SENQjkc`NTflK`JOZUS1XOSlmon�p
q _O\rRQ_ONTs�\]RTRQSEJWVtXOK`JORu^/S�ZEK`RuXwvx_
JySUJ%z.\]NTc�J
JOSEfgSEJWV�NTPERQS{K`_y[(K`_
VuX
PEdO\|VohlRTK}z`c�\]NE~

��� K�^]\/fg\|V2K�VT\/c�JBXOS�^/KgV4K`\]^/^]S�XOS�^"KijkSEJ
�UV4NQS�mon�p �
��� PUV4K`dO^]\/RQRTSUflSUJWV9K`MONQeERu^/KgM�SEN�V4S�XOS�MO^]_ORT\]SE_
NTR�MOK q _OSUVTR�MOK`N
jkSEJO��V4NTS�Xwv�PEfg\]RTRQ\/c�J �
��� PEZUSERTRQ\]VTP$X�vx_OJ
S$SURQV4\]flK�V4\]c�JyK`RTRQSE�&MONTPUZE\]RTS&XO_ � moI �

n�SUR�MONQc�dO^]eEfgSER�ZEc�J
RQV4\|V4_
SEJWV�^]SER�K,a3SER�flK,��SE_ONQR�K�_
V4c�_
NTR�XOSER q _OSE^]R)^]SER�S�a3M�PUNT\]fgSEJWV2K�VT\/c`JOR�MONQPERQSEJ3�
VTPESERuX(K�JORu^/S�Z2[(K`M
\]VTNTS&RT_O\|z�K`JWVoc`J%V�P�V4P�SU��SEZ�V4_OPUSER �
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Processus client Processus serveur

Protocole TCP/IPProtocole TCP/IP

Fibre optique

Couche socket Couche socket

Gigabit Ethernet Gigabit Ethernet
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�M_mN£Jg7�]\ZHZ-EH:[EHCAB-C5:F7¡B8tVEHZ-<KGA@[L	N�J?B->QGIBH>DGI>e<?N£>AZ-CD@[UVGkZ�cj>��KB-:=:�]oEHGAE�JKE�		BH:[L\U?U0E^��ZHB�>DZ-CD@[UKG5U?@=:[L^GIB
:v7|BHN?>ABHPd5?:=BoJ?B�:[]�U?CDLVZHE-J?<?CDB J87¡@[N?ZHCAEHPeBHNOGx]^GA@[L	N J?B :�]�GI]\@=:[:=B�J?BH>-5?<��0B-CA>H��J?B :F7¡B8tVB-ZH<KGI@=L	N J?B
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5?@nGl�
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EH�O]\:=BbuC< v	v	v	v	v GI]\PQU0L\N?>XJ?B !Ov�� DhLgZHGABHGI>FZ��m]^Z-<?N��
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100000 x4096 bytes echanges entre vthd1 et vthd2

Set 0

debit Mb/s

3sockbufsize Kbytes x 10

310.0000

320.0000

330.0000

340.0000

350.0000

360.0000

370.0000

380.0000

390.0000

400.0000

410.0000

420.0000

430.0000

440.0000

450.0000

0.0000 2.0000 4.0000 6.0000 8.0000 10.0000

GIHKJML ! � � O��of��
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 Um]\CDGA@[C3J?B�Z-BHGDGIB¢ZHL	<?CT50B�L	NhZ-L\N?>DGI]^GIB�Rg<KB¢U0L\<?C�<?NKB�Gx]^@[:=:[B�@[NK@=GA@�]\:=B�JK<o5?<��0B-CzJKB�:[]�>ALgZ/.\B8G �����
J?B�D ! A LSRT<?@VCABHU?CAEH>AB-NOGABM:[]8	^]\:=B-<?CzUKCA@=>ABXUm]\C�J?EHW­]\<K:=G;L\Ns]f<?NsJ?E)5?@=GzJ?B � < v �C5?@=GA>xq^>H�O]\:=L	CA>�Rg<g7�u
Um]^CDGI@=CzJ87¡<?N?B 	^]\:=B-<?C;JK<�5K<���BHC;E-�O]^:[BFub�j< � A LS:=BXJ?E
5K@=G�CAE-]\:=@[>DBX<?N?BM]\<?�	PQBHNTGI]^GI@=L	NQCABHPe]\CART<m]"5K:[B
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 x4096 bytes echanges entre vthd1 et vthd2

Set 0

debit Mb/s

3sockbufsize Kbytes x 10460.0000

465.0000

470.0000

475.0000

480.0000

485.0000

490.0000

495.0000

500.0000

505.0000

510.0000

515.0000

0.0000 2.0000 4.0000 6.0000 8.0000 10.0000

Test en UDP
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100000 x4096 bytes transmis de vthd1 a vthd2

Set 0

debit Mb/s

3sockbufsize Kbytes x 10
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400.0000

410.0000

420.0000

430.0000

440.0000

450.0000

460.0000

470.0000

480.0000
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100000 x4096 bytes echanges entre vthd1 et vthd2

Set 0

debit Mb/s

3sockbufsize Kbytes x 10
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420.0000
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440.0000

450.0000

0.0000 2.0000 4.0000 6.0000 8.0000 10.0000
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Debit de la connexion vthd

Set 0

debit Mb/s

3sockbufsize Kbytes x 10

20.0000

40.0000

60.0000

80.0000

100.0000

120.0000

140.0000

160.0000

180.0000

200.0000

220.0000

240.0000

260.0000

280.0000

300.0000

320.0000

340.0000

0.0000 1.0000 2.0000 3.0000 4.0000
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Debit de la connexion vthd

Set 0

debit Mb/s

3sockbufsize Kbytes x 10

20.0000

40.0000

60.0000

80.0000

100.0000

120.0000

140.0000

160.0000

180.0000

200.0000

220.0000

240.0000

260.0000

280.0000

300.0000

0.0000 2.0000 4.0000 6.0000 8.0000 10.0000
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Debit de la connexion vthd

Set 0

debit Mb/s

3sockbufsize Kbytes x 10

20.0000

25.0000

30.0000

35.0000

40.0000

45.0000

50.0000

55.0000

60.0000

65.0000

70.0000

75.0000

0.0000 2.0000 4.0000 6.0000 8.0000 10.0000
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Debit de la connexion vthd

Set 0

debit Mb/s

3sockbufsize Kbytes x 10
38.0000

40.0000

42.0000

44.0000

46.0000

48.0000

50.0000
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Debit de la connexion vthd

Set 0
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Debit de la connexion vthd

Set 0
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3sockbufsize Kbytes x 10
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Debit de la connexion vthd

Set 0

debit d’emission Mb/s

3sockbufsize Kbytes x 10
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Documentation

Rapport

Tests des performances de TCP realises en point a point  

Tests des performances de TCP realises sur le reseau VTHD

Installation et apprentissage d’outils de mesure des performances de TCP
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