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��bltª³·}'{v§!¸4ty^�bgtm^�{m}.p��'^���p4t�}.¦9³�^�¡)��^��'¡¹¢'blkOty^�bÂaen¾r4¡)aen.©2{ynqtmb�nqtS³�^�¡£��^�tm^�bgkv}'p�{v��b���n.�Hkmbl������n.��§qbltmk
³�^�¡£©)b%§.blb���¡£����tm^�b�km}'p�{m��b%«�pIN2b�{�kxt�n.«�©£b$0õ� 2ó±
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Ö×b5t�� U Y=T ^_«!b*ty^�b�ty¡£acb%nqt�³�^�¡)��^Q��n.��§qblt?� TÉkxt�n.{xtyk�¡¹tykÂn.�'�'{vb���nqtmb���kmbl{v¢w¡£��bÁ}.�Q{v}'p�tybl{�~W+ ty^�¡£kj¡)k
ty^�b*tm¡)acb*³�^�b��sty^�¡£k���n.��§qbltÂ¡)k�^�b�n.�Q}q¦Bty^�b*©)¡£��b�³�¡£tm^�¡)��ty^�b%kvbltj}.¦=��n.��§qbltykÂ}.¦Zty^�b�{mb5¦¿b�{vb����lb%Ë�}?³1/,±

INPUT

ACK(n)

W(n)
WINDOW CONTROL

ROUTER 1 . . . . .

SOURCE DESTINATION

ROUTER K-1

��� ��� ���

Ö×b5t
	 U Y=T ^�@�� U Y=T ^ j � U YcT ^Â«!bÁtm^�bÁty¡£acbI³�^�b��¤��nq��§.blt	� T´©£bono¢'blk�{m}'p�tmb�{�~�n.����©£blt?�
�;YcT ^�� ��±
Ö×blt��<�Q«2b­tm^�b |Z���biD9"| �4� � �j�h
'eC�4�E���4��>?��i�7pu~eI�D>?@��4:�� T j �'¸B³�^�b��°¡¹tÁ¡£kIkmbl��t®«�u#tm^�b­kv}'p�{m�lb.±�¼ª�
�'b���b�{ynq©F¸��<�*nq���w[��w+M��b5È���b��cnq«2}?¢'b�/=��}���}.t��l}'¡)����¡£��b.±Æ¼¯¦�tm^�bOkvb ��p�b�����b1E�� � H ¡£k�§���}?³��9¸'ty^�bl��E�	 U Y=T ^ H ¸� � ~ � V´¸CT����'¸�kmnqty¡£kvÈ�b�k�ty^�b�b ��p�n¾ty¡£}'��kga	��KY=T ^{@�	��FYcT�F�� ��� b ^ 5 O�� M � <	 U Y=T ^{@���	 U � b Y=T ^ 5 O U � b M U 3�	 U Y=T�F � ^�� 5 � U YcT ^=<�~ @�� < k k k <dV k
¼ª��ty^�¡£k�ac}w��b�©M¸2tm^�bÄtm{yn.��kvac¡)kvkm¡£}'�¤}.¦Sn.��§�kg¦¿{m}.a tm^�bI��blkvtm¡)��n¾ty¡£}'��ty}ety^�bIkv}'p�{v��bI¡£k�{mbl��{mblkmbl��tmb��¤«�u�n
km¡£ac��©)be��bl©/nou O�� M ��± y ��b®��n.�É{mb���{mb�kvb���t�ty^�¡£k�«�n.��§�³On.{m�#{m}'p�tmbcn.k�n�kmb��wp�b����lb­}.¦S{m}.p�tybl{mk�km¡£ac¡)©)n.{�ty}ty^�n¾tÂ}q¦=tm^�b*¦¿}'{v³On.{m��{v}'p�tyb*³�¡¹ty^s}'��©¹u�km©£¡£�'^�tÂac}w��¡¹È��onqtm¡)}.��kÂ}q¦=tm^�b�«�n.km¡£��ac}4��bl©F±

� b���blÈ���b! rY=T ^{@ Y"	 b Y=T ^l<#	 _ Y=T ^l< k k <$	��1Y=T ^h^&% 6 b M �8�9;: ¸�nq���'wYcT ^+@zY" ,Y=T ^l<( ,Y=T�FT� ^=< k k <( oY=T�F�[ ] j � ^�^�)*%�6 �*+ 0-, M b8�9;: k
]_^�b%©/n.kxt�¢'b��5ty}'{_³�¡£©)©×«!b�{mb5¦¿b�{m{vb���ty}�n.k�ty^�boi���:k�4�H{��?>4:`9;�·¡)��³�^�nqt�¦¿}'©£©£}�³�kl±

Ö×b5t/. U ¸ ~!% EG� < k k <d[W] H ¸B«!b­�.¡£¢.b��´aenqtm{m¡£��b�kÁ}.¦�6 � M �8�9;: ±&LOb�©£}?³�¸nY0. b�1 . _ 1324242�1 . 0 , ^*��b���}qtyb�kÄty^�b«�©£}4��§�aenqty{v¡¹r%}q¦�6 �5+ 0 , M �*+ 0 ,8�9;: ¸¾³�^�b�{vbO«�©£}w��§wkBn.{mbS}.¦�km¡G)�b�V76nV´Ç�n.©£©�«�©£}4��§�kÆnq{mb|b ��p�n.©�ty}jty^�bSaenqty{v¡¹r98s}.¦
6 � M �8�9;: ³�¡¹ty^�n.©£©�¡£tmkSbl��ty{m¡£b�k·b ��p�n.©�tm}QF Q ¸�«�p�t|¦¿}'{�tm^�b_È�{mkxtO©£¡£��b�}.¦V«�©)}w��§�kS³�^�¡£��^­¡£k:. b <3. _ < k k k <3. 0 , ±;SÍ � �#��< 0ì�µn¾r�¨¯��©)p�ke{vb���{vb�kvb���t�nqtm¡)}.�I2
= m,:�AC�o�4uK�4:k�4l ���r���C��:=�=������u �4lWeb:=u�>B���bi � mo:�AC�o�K�$?p�C�4��>?�&9`m
�h
'eC�4�E���4��>?��i>|Z���biD9"| �4� � �?�1����E�� � H ��@BAC>U:�AC�4��:�AC�
i���:`�4�1{��?>4:`9;�d�&'wY=T ^M�p��:<���cmEuB:cAC��m�9;����9"|Z���65wl$��
���eb���6�
l$��:<�E�v
,�d�?>4�D�4�d�4��>?�H�d�4�G��:=��9;�ED 'wYcT ^+@IRGF 1 354 Y=T ^ 5 'BY=T�F � ^=<WT���� < +���/

|fAC�4�d�G'wY���^�@ Y��
< k k <`��^ ) ���bi
R b Y=T ^ @ YH. Y=T ^�3I.�J=YcT ^ 1 8 1 k k 1 8U^ 3LK�<
R _ Y=T ^ @ YH. Y=T ^ 1 . J Y=T ^ 1 8 1 k k 1 8U^ 3LK < k k k-<
R 0 , Y=T ^ @ YH. Y=T ^ 1 8 1 k k 1 8 1 . J Y=T ^�^�3LK k=?��:�AC�?�K�Zm�9;�El��P�G�;�(>M. Y=T ^w���bi�. J YcT ^8���?�15���{��4��7pu�D

Y0. YcT ^�^VUZW @ N�O U
e(P W � e YcT ^ j O U � be(P W O e M e(Q b < � m�~R�P� <

F Q < � m�~ � � <
YH.�J=Y=T ^�^dUZW @ N O U

e(P b Y7O e � b M e+j � e Y=T ^h^ j O�� M � < � m�� @ V <
F Q < � m�� � V <
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:�AC9K�K�g9`m
:cAC� m�9;�El K � Q U M U > ~ @�� < k k k <?VtYc[ ] FT� ^#>�|fAD��>?A����d�8�����f�$?p� ����:`9�� �
���?9K9`m
]_^�b���{m}w}.¦Z¡£k_¡)acacb���¡)nqtmb�¦¿{v}'a�ty^�b*��uw��nqae¡£��k�blkvt�nq«�©)¡£km^�b��Q¦¿}.{Oty^�b
	 e YcT ^·¢qn.{v¡/n.«�©)blk�³�^�b��sb5r4��n.����¡)���ty^�b�aen¾r�¨ª��©)p�kj��{v}4��p��lt8+���/_�l}4}.{m��¡£��nqtmb*«�u��l}4}.{m��¡£��nqtmb.± �
�HÍ ��������< yW:}:cAC�n���4{��4�x9`ms�d�keb�d�?�K�4�C:J��:=��9;�r��iD9?eb:k��i
AC�4�d�(>"��9gi�� �F�4�d�4��>?�1�h
����4:c�n74�4:�| �?�4�HeI�D>?@��4:c�1���bi
�d�4:<�h���I�4l���:=:`��iHeI�D>?@��4:�� � =d�$eI���E:<��>4�D�G���#>+| �1|Z����� l$�;@��
��9~i�� �F�4�d�4��>?�
74�4:�| �?�4��kmbl���Q{mnqtyb�>×ty^�{m}'p��.^���p�t
9;���'}4}w����p4t��	��

�g�
����� ������� !$#*�Bt+�����+t�#�%�p
�*t�o
'Âbl{mb�¡£k_n.��b,r���©)¡£��¡¹t���nqtm^�³�¡£kmb*b5¢'}'©£p�tm¡)}'��}q¦×ty^�b���nqtybl{O¢'bl�lty}.{_n.���Htm^�bg³�¡£����}?³ kv¡*)lb�a�³·b�t�n.§qb
V @��4¸
[F]Q@�� n.��� Y�� b YcT ^l< 24242 <`���;Y=T ^�^	@ YV� < � <EXf< � < � ^Â¦¿}.{In.©£©�T=± � bH��}.��km¡£��b�{Inµ�2bl{m¡£}4��¡)�e³�¡)����}�³	km¡G)�b
bl¢.}'©)p4ty¡£}'��+ ³�^�¡)��^Q¡)k_tm^�nqt�}.¦=]j��z¶]Bnq^�}4b*³�¡¹ty^�}.p�tjkm©£}�³ kvtyn.{vt�¸��l¦Ô±�>���/4a

Y ��� <#� b <#� _ < k k k?^+@zYV� < � <?X/<EX/<EXf<��
<��
<
�
<��
<
�
< � < � <?X/<?X/<?X/< k k kJ^=k

# packet sent
1(1) 2(1), 3(2) 4(2) 5(2), 6(3) 7(3) 8(3) 9(3), 10(4) 11(1)(vn)

arrival time

departure time

packets ACKs (wn)

RTT 4

RTT 3

RTT 2

RTT 1

1(2) 2(2) 3(3) 4(3) 5(3) 6(4) 7 8 9 10(1)m�}'{g¡)��kxt�n.����b.¸Z��n.��§qblt ����b5r4�!b�{m¡£b�����b�kÁnH³�¡)����}�³ km¡G)�be}.¦:���A@���¸Zn�¦Mnq�lt*ty^�nqt*³Obe��bl��}.tyb��CY���^
}'� ty^�bIÈ��'p�{mb3aÂtm^�¡)k*acb�n.��k*ty^�n¾t�ty^�bcnq��ac¡)kvkm¡£}'�¤}.¦S��n.��§.b5t � �­t�nq§.b�k���©)n.�lbcnqt�ty^�bIty¡£aebI³�^�b��¤ty^�b
n.��§���}?³�©)bl���'acb���t*}q¦B��nq��§.blt!�1F"�A@#�®¡)k�{mbl��bl¡£¢.b��9±
���%$ ��./t�� x$��p/�-.D��o'x r���o'x$t-r p/t��`�-�-x$,$�+��v
&�')(�' < * Í � Í � �,+%-.+M�l��+M�0/ Í�Í ÒZ�Z�����
]_^�b%��bltmb�{mac¡£��¡£kvty¡£�Áac}w��b�©2¦¿}'{�ty^�b���b5tybl�lty¡£}'�Q}.¦B©£}'kvkmb�kÂn.����ty¡£acb�}'p4tyk�¡)k'a

R$�8VtYcT ^+@#1~Y"�<��� b < 'wY=T ^�^lk +F��/
'Âbl{mb 'wYcT ^|¡)kSty^�bÂb ��p�¡¹¢.nq©)bl����b*�l©/n.kvk�}.¦9tm^�bg��nqtybl{·¢'bl�ltm}'{H+M��blÈ���bl��¡)�HÖÅblaca�n�d /|¦¿}'{|ty^�bgb ��p�¡¹¢qn.©£b����lb
{mbl©/nqtm¡)}.� a '32  ¡¹¦g¦¿}'{en.©£©�~m¸ ' U @  U j54 ¦¿}'{ckm}.aebs��}.��kvtyn.��t 4 ¸·³�^�bl{mb�n.k �<��� b ¡)kcty^�b�³�¡£����}?³b5r4�!b�{m¡£b�����b��µ«�u���n.��§.b5t1� T=± 'Âbl{mbÄn.{mb�nI¦¿bl³ «�n.kv¡)�%b5r�n.ac��©£b�k'a
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� � ��� Í �Z��� Í Ò * Ñ �o�_Ò Í � Í �.��+ Ñ - �Âkmkmp�aeb·}'��b|�onq�Ä��bl��p��lb·kv}'acbSblkvtm¡)aenqtmb��<;s� ]KY=T ^9}.¦4tm^�b|��p�{v{mbl��t
«!}.tmtm©)bl��b���§�kvb�{v¢w¡£��b%{ynqtmb�¡)��ty^�b%��bltª³·}'{m§:¸!n.���skm}'acb�b�kxty¡£aenqtyb�� Y=T ^O}.¦Zty^�b���p�{m{mbl��tÂ{v}'p�����ty{v¡)�
ty¡£acb.¸w«2}qty^c¦¿{m}'a Y � ��� b < 'wYcT ^�^,Çwtm^�b���¡£tSaen.§qb�kOkvb���kvbgty}%kvtynqtyb�ty^�nqtS}'��bj��bltmb��ltmk�n~+M�l}'���'blkvty¡£}'�x/©£}'kmk_³�^�bl�Qty^�bÄno¢.b�{ynq�'bÄkvb����s{yn¾tyb F 1 3"4��� ��� {vbon.��^�b�kÂtm^�b�«2}qtmty©£b���b���§�{yn¾tyb.¸���n.acb�©¹u

Y	��
D^��
R��gVtY=T ^+@��&+¿]Bn.^�}4b�/l<��+� +Fh�b���}6/l<
¡£¦ � ��� b
� YcT ^ �

�
� ] Y=T ^ k

�
� ��� Í � Ñ��!Í ��� Ñ4Ð Ò Í � Í �.��+ Ñ - ¼¯¦=ty^�bl{mb�¡)kjn®aen¾r4¡)aen.©×«�pINVbl{��on.��nq��¡¹tªu�}.¦�� U ¦¿}'{�tm^�b�{mb5¦¿b�{mbl����b
Ë�}?³ }.�Q{v}'p�tybl{�~m¸�tm^�b��s¡£tjaen.§qb�kjkmb���kmb�ty}ekvt�n¾tyb*ty^�n¾t

Y����x^ � R��gVtY=T ^+@�� +¿]Bn.^�}4b�/l<��+� +Fh�b���}6/l<
¡¹¦��q��� ~ ��V < 	 U � b YcT ^ j O U � b M U �I	 U YcTJF�� U ^=k

� }qtybgtm^�nqt_bl¡£tm^�b�{�� U ��[W]�¡)�H³�^�¡)��^s�on.kvbgty^�b�¢.nq©)p�blk_}.¦ 	 U � b Y=T ^�F 	 U Y=TiF�� U ^·�onq��«2b�{vbltm{m¡£bl¢'bl�¦¿{m}.a 'BY=T ^�¡)����b�bl�9Ç9}'{�� U � [F]l¸9n.���Qty^�bl����}H©£}'kmkÂ�on.�µbl¢'bl{*}4�l��p�{j¦¿}'{�ty^�bÄ{mbl¦¿bl{mbl����bIË�}?³�}'�
{m}.p�tybl{'~v±

�
� + � Í�Ñ �Å�sÒ Í � Í �.��+ Ñ - ¼ª� ty^�¡£k*�onqkmb.¸×tm^�bI¦¿p����5ty¡£}'� 1Ãn.©£km}�n.��ac¡¹tyk*ty^�bI¢.nq©)p�b! $���oY=T ^�}.¦Sty^�b
ty¡£acb�{Å¦¿}'{×��n.��§qblt{��Ten.kZn.�Ánq����¡¹ty¡£}'��n.©�n.{v�'p�acb���t�Ç.ty^�¡£k×¢qn.{m¡)n.«�©£b|¡)kZ«�p�¡£©£tÅ¦¿{v}'a ac}?¢4¡£���gn?¢.b�{mn.�'b�k
}.¦Zty^�b���{vb��lb���¡£���Hh=]_]"�ìkj«�u�n®{mb��lp�{m{vb����lbÁ{vb�©)nqty¡£}'� +Mkvb�b~0£d��32Ån.��� 0£dK� 2 /5±

Y	�#"x^��
R��gVtY=T ^+@�� +M]=n.^�}wbK/l<B��� +Mhjbl��}6/l<
¡£¦ 	��FY=T ^�F 	�� YcT ^ j O � M ���$ $���,YcT ^=k

S4¡£����b9	�� Y=T ^�@ 	��WY=T�F � ��� b ^ j O�� M ��¸�tm^�¡)k��l}'����¡¹ty¡£}'���on.�sn.©£km}®«!b*{mb5ty{v¡)b5¢'b��s¦¿{m}'a Y"�<��� b < 'wY=T ^�^nqt|©£bon.kxtS¡)�cty^�b���n.kmb_³�^�bl� �<��� b � [ ] +¿¡)�c�onqkmb�� ��� b @ [ ] ¸�}'��b_ac}'{vb�kvtybl��}q¦2tm^�b���nqtybl{Æ^�¡£kvty}.{vu
¡£kj¡£��¦Mn.�lt���blb���bl�x/5±

� ; ����% Í � Í � � +F� Í ��+ � Í � Ñ � � ��� 'Âb�{vbI¡£k*nHac}4��bl©=¡£��ty^�bIkyn.acb®kv��¡){v¡£t*n.k +'&%��/�}'{�+(&%��/�«�p�t
km}.aeb5³�^�nqtBkm¡£ae��©)bl{�±B¼ª�Ä�on.kvb·}q¦�{ynq����}'aîkvb�{v¢w¡£��bSty¡£aeblk�¸'¡¹tZaen.§.blkBkmbl��kmbSty}Ân.kmkvp�acb·tm^�nqt=nj��n.��§.b5t
}.¦�tm^�bÁ{vbl¦¿bl{mb�����bÁË�}?³�b,r��!b�{v¡)bl����blk�©)}'kvk�n.���:Êq}'{�ty¡£acb�}'p�tg¡)�µ�on.kvbÁ}.¦Æ©)n.{v�'bÁbl��}'p��'^�n.�'�'{vb���nqtmb��
kmbl{v¢w¡£��bÂtm¡)acbj}'�e}'��b�}.¦Vtm^�b�{m}'p4tyb�{vk�¸w}'{Æ¡£�­�onqkmbj}.¦V©)n.{v�'b�b���}'p��'^­kvp�a }.¦V¡£tmkOn.�.�'{mbl��nqtybl�ckmb�{x¢w¡)�lb
ty¡£acb�k'a

)+*-,�. ¨ª]=n.^�}wb � R��gVtY=T ^+@B�
<�¡£¦ �ZY=T ^&%0/$<A��}.ty^�bl{v³�¡£kmb <
³�^�bl{mbi�ZY=T ^�@ Y�� b Y=T ^l< k k k-<`�-�FYcT ^�^�nq����³�^�b�{vb!/î¡)k*n��lb�{vtyn.¡£�Ékvp�«�kvblt%}.¦{6 � b5r4��{mblkmkv¡)���Q}'��b
}.¦9tm^�bÂn.«2}?¢.bg��{v}'�2bl{vtm¡)blk
+Mbq±ì��± O U"� U �21 ¦¿}'{|ty¡£acb�}'p4t�}'{�� U �I U ¦¿}'{Skm}.aeb�~m¸�¦¿}'{|©)}.kmkO�l{mb�nqtybl�
«�usn®©/n.{v�'b*��{v}'kmk�ty{mn3Oe��}'��km}'acb�{m}'p4tyb�{�b5ty�.± /cn.���

)+*-,�. ¨Ôh�b���}�� R$�8VtYcT ^+@
*+, +-
�+�i< ¡¹¦D�ZY=T ^:%43{<
���i< ¡¹¦D�ZY=T ^:%65J<
� < }.tm^�b�{x³�¡)kvb <

³�^�bl{mb73´nq���85Ãn.{vb�kmp�«�kvbltmkg}.¦ 6 � ¡£��ty^�b�kynqaeb�¢'bl¡)�Qn.kjn.«!}?¢'b.±
�HÍ ������� & =?� |fAI��:xm�9;����9"|f�(>{| �A|Z����� ��� |���u �8�;�?�4�Dlo�H:�AI��:�:�AC�BiD�4:k�?>4:<��9;� 9`m
��9K�?�
���g���I�4:J���C:������?9;�6�(>
�b��lo�4��u~:�AI��: :�AC���c�F�?>4:s9`mH:cAC�g��9K�?��9`m�eI�D>?@��4::9 T ����:k�4�ElB��9`m?|Z���biD9"| �4� � �g���B�4e�eb������iMmE�d9;lzeI�D>?@��4:
9 T j ��9;� �o� AD���H����9`m�>?9;�P�d�K�B��� �4e�eb�d9'
���l$��:=��9;�.��� >?9;lWeI���E���K9;�\:k9 |fAI��:ZAI�4e�eC�4�I�w�c�F�?>4:=��{��4��u~{K�=�
:cAC�g:=�E� eb���Bi�� eb����>���:k�Hlo�?>?AI���C���4li�
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