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Frame

Frame = Packet + Header
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Go-Back-N

Sender Receiver Receiver
/ ‘ \ / |
First bit of first packet — — First blt_ of first packet
: transmitted, t=0
transmitted, t=0
Last bit of first packet

Last bit of first packet ——— '

transmitted, t = LIR transmitted, t = L/R

— First bit of first packet arrives

— Last bit of first packet arrives, send ACK
— Last bit of 2nd packet arrives, send ACK
— Last bit of 3rd packet arrives, send ACK

— First bit of first packet arrives
— Last bit of first packet arrives, send ACK

RTT—

ACK arrives, send next packet,—

ACK arrives, send next packet,—= t=RTT+LIR

t=RIT+ LR

Stop and wait Go-Back-N
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(Y) Go-Back-N
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(YY) Go-Back-N
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(d) Go-Back-N

w2y s a5 Sy ©

Go-Back-4: 4 frames are outstanding; so go back 4
|_
Fr Fr Fr Fr Fr Fr Fr (2 Fr Fr Fr Fr Fr Fr Fr
1 2 3 45 653 4 5 6 7 8 9
LL

RN

Out of sequence frames!

A 0>
A 0>
A 0>
© X 0O >

A
C
K

oX0OX
_X0O>
A 0>

A A
C C oLoj
K K
2 9

3 4 5 6 7
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3¢S Piggybacking |,
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Selective Repeat
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(Y) Selective Repeat

<«——Timeout interval ———

1 2 |3 |4]| |5]| 6| |7| |8]| |2] [3]| 4| |5 |6]| |[7] (8] |9
/4
Q N
NN/ NS A NS XA AN A -
v9/ Y9/ vS;/ v9/ YS” Y9/ v9/ VS”
4 ,/\ g \il\’, //\//\,/l
0 1 E D D D D D D |2| (3| |4 |5]|] |6]| |7 |8
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Time ——
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1 2 |3 |4] (5] 2| |6]| |7] (8] |9 |10] |[11] (12 [13| |14]| |15
/ / / / / / / / / / / /
\ X ~ X ©X AX oX o\ .9 l\x\l\x\ 05
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Tx N 2, x Y ¥x ¥ S O
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/ / / / / / / / / / /
0 1 E [3||4] |5] |2 6] |7 8] [9] (10| [11]| [12] [13] [14

Error Frames 'buffered
by data link layer

(b)
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(Y') Selective Repeat
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Selective Repeat g, ;0 0y o)l
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(Y) Selective Repeat g, 50 o =iy o)l

m=2 :>2m=4 2m
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— Seq_Num=0,1,2,3 Timeout W > 2| ‘P9
_A
r Y
B
OMJE _—

C C oy @ ol b caslos STl o
K K WS o 0, 1y g28ly,5 0 g
0 1 T SISRTE L SE R P
== = e
I I
10| 112 |3 0fit | 213 of1 (12 |3}
M [ |
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(V) Selective Repeat g, 50 o =iy o)l

NICRONI PR NETPPRTy

Sl oSl g slacusgame Selective Repeat g, o o, o3l s (gl ©
J.M:L: o&)Lo...’:: Sows caas ).g‘).g J.:l.: 0 Yoo o)"J.S‘ U"‘J’L"’
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R )5

O yu5
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S ‘_'j:" Wy

frame

=1

RTT =2T 2a

prop —

ACK

T

frame
U —

T.  4RTT

frame
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a+l

2a+ 1

—»
Frame | |
E—
Frame 2 Frame |
— — .
Frame a Frame (a-1) Frame 2 Frame |
— — .
Framei(a+ 1) |  Framea Frame 3 Frame 2
A
—
Frame (20« 1| Frame (2a) Frame (ae ) Frame (aed)

A
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a+l

W

2a+ 1

.
Frame | |
— - e—
Frome o Frame in-1) . Frome 2 Frame |
e s
Framein+ 1) Frame a . Frume 3 Frame 2
A
Frame W | Frame Wo1 | . | Framse (Wease2)| Frame (Weasl)
! A !
— R
Frame W @ - . [ Frame (ned)
A
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:Stop-and-Walit g, °
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2a+1 T
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-
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Normalized Throughput

0.0

Ll Ll 'TY‘UTT] Ll L TTY'Y" Ll Ll T'Y'T']’ Ll L L
0.1 1 10 100 1000
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:Stop-and-Wait gigy gowl,ls °
ol PXTHL=P) ol ol assls )L K olows a4 Jlo,l 55 o8 SO as) Jlaxs! @
‘-MJS).Q 6‘)" )Ua’.ﬁ‘ S )90 JLM; | olows Lg)LJ Ja.wg.m ¢

- . l
E[N]=N, =) kxPr(k Transmission) ka P“'(1-P)= -
o o lasl ojee o)l slows p gundi Uas g0 &Il o 64.01)[5 ol b o LSM‘)lS °
1-P
U =
2a+1
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s b eIl @
:Selective Repeat gy guwl 5
ol Stop-and-Wait cdl> aslie lds Lol onsl ®

(1- P, W >2a+1
U =<W(1—P)
. 2a+1
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:Go-Back-N ybgy gl 5 s b &Il @
(w‘\&gl.w.a).‘f)).aLdS) w‘o).‘z'.u) r@J)ﬁLQmJLA‘M} rg.a)ﬁtgl.b}).m ¢
f(k)_1+(k L ogs Jl) LK &b Lol a8 51 w0gs Jlo,l b oS slags )8 oloas JS ©

i k) Pr(k Transmission =i 1-L+kL)xP**(1-P)

L)x> P“'(1-P +L><ZkP“1 P)=(1-L)+ L _1-PeDlP
= 1-P  1-P
C1op
| _[2a+1 w>2a+1 T+ 2ap’ W>2a+1
“lw, wezasr YT wpep)

, W <2a+1
% (2a+1)(1—P+WP)
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1.0

0.8 W=127, Go Back N
)
>
Q.
= .
(@) W=127, Selective Repeat
S 0.6
| -
= W=7, Go Back N
= W=7, Selective Repeat
g
©
= el
S
2 . Stop and wait

OO Ll Ll """]’ Ll Ll """I Ll L) U""']

0.1 1 10 100 1000
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