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6`_H*45�K�/16:9J.PD;FIF^/1>1*-.067K�*4D;>a.8316:>1>N&29cbAO�&0&05XO15�DH.P&2,�,W&2,X*->�6�?;*4_:&2>I9<62=:&05X&P]N.�316:>N?:&$Fa&2,�,�67?:&2,@dfeQ5�D:KWDH.PD;91g`67K�6
h�>1*4K�,8i!/1,�*->N?�K�3N&�df.PD;FIF^/1>1*-.067K�*-D;>�ij,W&05�_H*-.P& O15�DY_H*-(N&2(kVJ=l94DmR)&05�9-62=:&05$V+9-6:.�TnV�D2]odf,W&0&^pM*-?;/N5�&IqYi8Z
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xy>zK�3+*-,$,�&2.PK�*4D;>�{�R)&�(1*-,�.0/+,�,@3NDmR�R)&�.06:>|(N&2,�*4?;>}6�O15�D:KWDJ.PD;9MK�3167K�O15�Dm_J*-(1&2,@6n5�&29-*-67V+9-&v(167K�6nKW5�6:>1,WBE&05
df,W&05�_H*-.P&mi!KWD�K�3N&v>N&P]HK�31*4?;3N&05$9-62=:&052ZQ%'&v5�&2~J/N&2,WKCK�3167K@K�3N&UO15�D:KWDH.PD;9�&2>1,�/N5�&2,CK�3167K@O+6:.�T:&0K�,�675�&v(N&29<*4_:&05�&2(
*->�D:5�(N&05Y{Q6:>1(�5�&294&26:,W&2(�D;>+.P&:{!6:>1(�D;>19-=�D;>1.P&:{!6:>1(�R@*4K�3ND;/NK�&05�5�D:5�,^KWD'K�3N&s>N&P]JKI3+*4?;3N&05a9-62=:&05YZ�%�3167K
.PD;FaO+9<*-.067KW&2,�K�3N&\(N&2,�*4?;>sD:BX,�/+.�3z6IO15�D:KWDH.PD;9A*-,CK�31&UBE6:.PK$K�3167K@K�31&v94DYR!&05$9<62=:&05`FI62=kO15�Dm_J*<(N&U6�/1>15�&29-*-67V+9-&
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xy>�6:>�*-(N&26:9�R!D:5�9-(�{NO+6:.�T:&0K�,�df(167K�6I/1>+*4K�,8iQ&P]H.8316:>N?:&2(}V�&0KSR!&0&2>�O�&0&05CO15�DH.P&2,�,CR!D;/19-(�6:9-R!6Y=J,CV�&U(N&29<*4_:&05�&2(
R@*4K�31D;/NKj&05�5�D:5�,�6:>+(sR@*4K�31*<>l6IV�D;/+>1(N&2(k(N&29-6Y=|df,W&0&\pM*-?;/N5�&��;i8Z
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p�*4?;/N5�&��Jb��yx�(N&26:9�R)D:5�9<(��Hb#[#_:&05�=kO+6:.�T:&0K$*-,C(1&29-*4_:&05�&2(sR$*4K�3ND;/NKj&05�5�D:58,�6:>1(sR@*-K�31*->l6aV�D;/1>1(N&2(k(N&29-6Y=:Z

h�>NBED:5�K�/1>167KW&294=:{:R$3N&2>vK�31&!94DmR)&05X9-6Y=:&05XO15�Dm_J*-(1&2,�6�/1>N5�&29<*-67V+94&#,W&05�_J*-.P&:{:O�6:.�T:&0K�,X.06:>�V�&)94D;,�K0{;675�V+*4KW5�6758*-94=
(N&29-6Y=:&2(�{MD:5^.PD:5�58/NO1KW&2('VJ='V+*4K &05�5�D:5�,ndf,W&0&lp�*4?;/N5�&���i8Z � 3J/1,vKWDzD:V1K�6:*->�6s5�&29-*<67V+94&I,W&05�_H*-.P&:{MR)&l3162_:&nKWD
(N&2,�*-?;>�6\O15�D:KWDH.PD;9+D;>nK�3N&�KWD:OlD:B�,�/1.�3l6:>n/+>N5�&29-*-67V�94&�,W&05�_H*-.P&@K�3+67K)&2>1,�/N5�&2,#K�3+67K)O+6:.�T:&0K�,C675�&`(N&29-*4_:&05�&2(n*->
D:5�(N&05Y{�6:>1(�&26:.�3nO+6:.�T:&0Kj*-,Q(1&29-*4_:&05�&2(aD;>+.P&:{J6:>1(�D;>194=^D;>1.P&:{H6:>1(IR@*-K�3ND;/NKX&05�5�D:58,0Z�%'&�FI67T:&$K�3N&�BED;9-94DmR@*->N?
6:,�,�/+FaO1K�*4D;>1,2Z
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� D;>1,�*-(N&05Q(167K�6\.PD;FIF^/1>1*-.067K�*4D;>IV�&0KLR)&0&2>nKSR!D^O�&0&05)O15�DH.P&2,�,W&2,)��df,�&2>1(N&05 i#6:>1(��GdE5�&2.P&2*-_:&05 i8Z � 3N&CBED;9-94DmR��
*->N?�O15�D:KWDH.PD;9�,W&0&2F�,$KWDlV�&UO15�Dm_J*<(N&\6�5�&29-*-67V+9-&U,W&05�_H*-.P&:Z��G6:.�TJ>1DYR@94&2(1?:&2,$5�&2.P&2*4_:&2( O+6:.�T:&0K`5�&2.P&2*4_:&2(}BE5�D;F
�\b1R@3N&2> ��5�&2.P&2*-_:&2,@6:>s&05�5�D:5!�cB�5�&0&UO+6:.�T:&0K$B�5�D;F �v{+K�3N&2>"��,W&2>1(1,@6:>sO�D;,�*4K�*4_:& 6:.�TH>NDmR@94&2(N?:&2Fa&2>�KYdf.06:9-94&2(
� �$# i)KWDn�%�#R@31&2> ��5�&2.P&2*4_:&2,@6�O+6:.�T:&0K@R@*-K�3s6:>s&05�5�D:52{NK�31&2>s*4K�,W&2>1(1,C6a>1&0?;67K�*4_:&v6:.�TH>NDmR@94&2(N?:&ndf.06:9<94&2(
t�� # i`V+6:.�T|KWDz�\Z � 3N&I,�&2>1(N&05v��5�&2,W&2>+(1,IdE5�&0KW5�6:>1,�FI*4K�,8i$&26:.83�O+6:.�T:&0K\/1>�K�*-9X*4K 5�&2.P&2*4_:&2,v6sO�D;,�*-K�*4_:&I6:.&�
TH>NDYR@9-&2(N?;Fa&2>�K B�D:5�F'�$�AD;>194=zK�31&2>o� ,WK�675�K�, KWDz,�&2>1(o*4K�, >N&P]HKUO+6:.�T:&0K0Z�xy>o6:(1(1*-K�*4D;>�{���6:9-,WDs5�&2,W&2>+(1,U6
O+6:.�T:&0KCR@3N&2>l*4K)(NDJ&2,�>�( K!5�&2.P&2*4_:& 6^� �$# D:5Ct$� # R@*4K�31*->�6\K�*<Fa&)�cD;/NK!O�&058*4DJ(�Z � 3+*-,Q*-,)KWDa6:.0.PD;/1>�K!BED:5jK�3N&
Bf6:.PK�K�3167K@6aO�6:.�T:&0K$F�*4?;3wKC?:&0K�94D;,WKvdf,W&0&^p�*4?;/N5�&+*;i8Z
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p�*4?;/N5�&�*Jb � 3N&#,W&2>1(1&05A��5�&2,W&2>1(1,)dE5�&0KW5�6:>1,�F�*4K�,8i�&26:.�3\O+6:.�T:&0K�/1>�K�*-9:*4K�5�&2.P&2*4_:&2,A6CO�D;,�*-K�*4_:&X6:.�TH>NDYR@9-&2(N?;Fa&2>�K
BED:5�F,���1D;>194=nK�3N&2>���,WK�675�K�,@KWD�,W&2>1(kK�31&v>N&P]HKCO+6:.�T:&0K0Z

%'&^*-9-9-/1,�KW5�67KW&$K�3+*-,CO15�D:KWDH.PD;9�/1,�*->N?a6aBE&0RG,�.P&2>1675�*-D;,vdf,W&0&vp�*4?;/N5�&.-;i8Z
q7Z(�yxy(N&26:9 � �H.P&2>1675�*4DNb ��,�,�/1FI&aK�3167Kv6:9-9MO+6:.�T:&0K�,0{X� �$# ( ,0{A6:>+(ot$� # ( ,0{�675�&I5�&2.P&2*4_:&2(oR@*4K�3ND;/NK`&05�5�D:5�,
6:>+(nR$*4K�31*->l6^V�D;/+>1(N&2(�(1&29-62=:Z#%�3N&2> ��5�&2.P&2*4_:&2,C6:>k&05�5�D:5!�cB�5�&0&�O�6:.�T:&0K0{+*4Kj,W&2>1(+,!6�� �$# KWDI� 6:>1(
5�&294&26:,W&2,�K�3N&^O+6:.�T:&0K KWDkK�3N&�>N&P]HK�31*-?;3N&05$9-6Y=:&052Zvr`>1.P&���5�&2.P&2*4_:&2,`K�3N&�� �$# BE5�D;F/��{�*4K�,W&2>1(1,$K�3N&
>1&P]JK�O�6:.�T:&0K0��6:>+(�,WDID;>�Z

�JZ@[Q5�5�D:52bC��,�,�/1FI&UK�3167K`6�O+6:.�T:&0K0{�� �$# {�D:5�t�� # {�*-,$.PD:5�5�/NO+KW&2(zVJ=�6IV+*-K@&05�5�D:5YZ�x�>}6:9-9�K�31&2,W&^.06:,�&2,0{
� R@*<9-9�(1&0KW&2.PK@K�3N&U&05�5�D:5@6:>1(s5�&2,W&2>1(1,jK�3N&vO+6:.�T:&0K0Z

�JZ�0AD;,�,�D:B#6�O�6:.�T:&0K0{�� �$# {�D:5 t$� # b��$,�,�/1Fa&vK�3+67K�6nO+6:.�T:&0K0{�� ��# {�D:5 t�� # *-,�94D;,WK0Z$x�>zK�31*-,�.06:,W&:{
6IK�*-Fa&)�cD;/NK�R$*-9-9�O15�D;FaO1K�� KWD�5�&2,W&2>1(1,jK�3N&vD;9-(kO+6:.�T:&0K0Z

� 31&@,�.P&2>1675�*-D;,),W&0&2F�KWD\,�/N?:?:&2,WK!K�3167KQK�3N&$O15�D:KWDH.PD;9+*-,).PD:5�5�&2.PK0�13NDmR)&0_:&05Y{JK�31&05�&@*-,)6UO15�D:V�94&2F
R@*4K�3�K�3N&
O15�D:KWDH.PD;9 Z � D;>+,�*-(N&05jK�3N&U,�*-K�/167K�*4D;>lR@3N&05�&`K�3N&U� ��# B�5�D;F K�31& 5�&2.P&2*4_:&05�*-,C(N&29<62=:&2(�.06:/1,�*->N?�K�3N& ,W&2>1(N&05��
KWDlK�*-Fa&)�cD;/NK`6:>1(}5�&2,W&2>1(}K�3N&�,�6:Fa&^O+6:.�T767?:&:Z x�>zK�31*-,�.06:,W&:{��G.06:>|>ND:K`(1*-,WK�*<>N?;/1*-,�3kR$3N&0K�3N&05�K�3N&^,�&2.PD;>1(

A

time 
out

B

case 3 case 2 case 1

ack
t

t

p�*4?;/N5�&.-Jb

�



ACK

t

t

A

B

time
out

time out for A < ack time

Is this new package? 

p�*4?;/N5�&���b

1

10

t

t

A

B

time
out

0 0

ACK

p�*4?;/N5�&��JbQ��,W&2~�/1&2>1.P&U>�/+FvV�&05$�Ht *-,�/1,�&2(kKWDn/1>1*<~�/N&29-=I*-(N&2>�K�*4B�=n&26:.�3}O+6:.�T:&0K0Z

KW5�6:>1,�FI*-,�,�*-D;>\*-,X6 >1&0R�O+6:.�T767?:&@D:5#>ND:K@df,�&0&@p�*4?;/N5�&��:i8ZXx�B ��(N&2.0*-(N&2,�K�3+67K#*4KX*-,X6 >N&0R�O+6:.�T:&0K)6:>1(�5�&29-&26:,W&2,
K�3N&\O+6:.�T:&0K`KWDlK�3N&\>N&P]HK$3+*4?;3N&05@9-6Y=:&052{�K�3N&2>�K�31&\.PD;>1,WKW586:*->wK$K�3167K�&26:.�3 O+6:.�T:&0K 316:,$KWD�V�&^(N&29-*4_:&05�&2(�D;>1.P&
6:>1(sD;>+94=�D;>1.P&\*-,C_H*4D;9-67KW&2(�Z
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� Dv62_:D;*-(nK�31*-,2{;R)&$.06:>�*->�KW5�DH(1/1.P&�,W&2~J/N&2>1.P&�>�/1F\V�&05�,�dc�Ht iMR@31*<.�3I675�&$*->1.09-/1(1&2(a*->�K�3N&@3N&26:(1&05QD:B�O+6:.�T:&0K�,
,W&2>�K#BE5�D;F�� KWD.��Z�[)6:.�3�O+6:.�T:&0Kj316:,Q6v/1>1*-~J/N&C,W&2~J/N&2>1.P&@>J/1F\V�&05)6:>1(I��*->1.P5�&26:,�&2,#K�3N&@,�&2~�/N&2>+.P&@>�/+FvV�&05
VJ=nD;>N&vR@3N&2>N&0_:&05@6�>N&0R O+6:.�T:&0K$*-,�,�&2>wKvdf,W&0&^p�*4?;/N5�&��;i8Z

�$DYR!&0_:&052{+&0_:&2>s*<>wKW5�DH(1/1.0*<>N?\,W&2~J/N&2>1.P& >J/1F\V�&058,)(NDJ&2,C>ND:Kj&2>�K�*45�&294=�,�D;94_:&`K�3N&`O15�D:V+94&2F�,QD:B�K�3N& 67V�Dm_:&
O15�D:KWDH.PD;9 Z�pND:5�*->1,WK�6:>1.P&:{7.PD;>1,�*<(N&05AK�3N&!,�*4K�/167K�*-D;> R@3N&05�&)��,W&2>1(1,AO+6:.�T:&0KMKSR@*<.P&)(1/N&QKWD$6�K�*<Fa&)�cD;/NK0Z��$,�,�/1Fa&
K�3167KXV�D:K�3^O+6:.�T:&0K�,)675�5�*4_:&j&05�5�D:5!�cB�5�&0&�6:>1( ��,�&2>1(1,MKSR@*<.P&�6 � �$# Z:�@BEKW&05#5�&2.P&2*-_J*->1?$K�3N&��+5�,WK�� �$# {;� ,�&2>1(1,
K�3N&k>N&P]HK\O+6:.�T:&0KI*->�,W&2~�/1&2>1.P&:{#6:>1(�K�3N&2>�D;>�5�&2.P&2*4_J*<>N?zK�3N&k,W&2.PD;>1(�� �$# {M.PD;/19<(�*->�KW&05�O15�&0KvK�3167Ka6:,�6:>
� �$# BED:5�K�3N&\>N&0R O+6:.�T:&0K0{�O�D:KW&2>�K�*-6:9-94=l.06:/1,�*->N?a6aBf6:*-9-/15�&`D:B�K�3N&vO15�D:KWDH.PD;9Qdf,W&0&vp�*4?;/N5�&��;i8Z

� D\Dm_:&05�.PD;Fa&`K�31*-,)O15�D:V�94&2Fs{;K�3N&�5�&2.P&2*4_:&05$��{J*<>1,WKW&26:(nD:B�5�&0K�/N5�>1*<>N?v6v� ��# D:5C6vt�� # {J,�3ND;/19-(a5�&0K�/N5�>
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CRCheader data(packet)

SN RN

SN=sequence number
RN=request number

n

s s+1

Which packet contains acknowledgment for n, s or s+1? 
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