3 POINT-TO-POINTLINKS 3.3 Sliding-Window Protocols

3.3.1 Go-Back-N ARQ

Supposehe transmittercurrently hasframes3, 4 and 5 outstaning, and the receiver has successsfull
recevved framesnumberedup to andincluding 2. Supposenow frame 3 reachegherecever. If the frame
is received intact, therecever will sendan ACK(4), meaningthatit hascorrectlyreceved framesthroudh
number3 andnow is expectingframe4. But if frame3is recevedin error, thereceverwill senda NAK(3)
frame,meaninghatframe3is negatively acknaviedged® Underthe Go-Back-Nprotacol, the sendewould
have to retransmitall previousframes,eventhoughmostwerereceved correctly (Thisway therecever
doesnothave to buffer somary frames.)

We will derive u for thecaseN > 2« + 1. Herethe transmittersendscontinuasly, but » < 1 because
of retransmittals. We will alsoassumethat « is an integer, and breaktime into slots of length1. For
concretenessye will againtakeasourexampleN = 16,a = 5.

This systemis a Markov chain. (Seehttp://  heather .cs.ucda vis.edu /[matlo ff/LaTeX /
Math/M arkov.p df for aquickintroductionto Markov chains.)Let ussaythatthis systemis in statei if
therearei framessentbut notyet ACKed,i = 0,1,...2a. Thereis no state2a + 1, becausahe 2« + 1-th
framewill be sentoutjustasoneis ACKed,leaving only 2« still-outstandig frames.

It is helpful hereif youthink of usobservinghe statea little bit aftertheintegertimes,sayattimes0.0001,
1.0001,2.0001,andso on. This way we don't have to worry whetherthe 2« + 1-th framewassentout
beforeor afterthe ACK arrives;by thetime we takeour obsenration bothhave occurred andthuswe will
never bein state2a + 1 atthetimeswe obsene thesystemwhichis all thatcounts

How do we move from stateto stateAVell, considerourexampleN = 16, = 5. At time 0.0001S hassent
nothing, sothestatei = 0. At time 1.0001,S hasjustfinished(attime 1.0000)sendingoutits first frame,so
now we arein statel. At time 2.0001 we reachstate2, andsoon, throughtime 10.0001andstatel0.

At time 11.0001,though things getmore complex. JustasS sendsoutits 11thframe, it will receve an
ACK or NAK in responseo thefirst of the framesit hassent.If it is an ACK, thentherenow will beonly
10 unackneviedgedframeson theline—theremomentarilyhadbeenl1, but oneof themwasjust ACKed,
sonow it is only 10. In otherwords,if R receved thefirst frame correctly thenwe will now againbe in
statel0, justaswe wereattime 10.0001

Ontheotherhand,if R foundthefirst frameto bein error, thenby therulesof Go-Back-Nwe mustnow
sendall of ourunackneviedgedframesagain!in otherwords,if SrecevesaNAK attime 11,thenew state
attime 11.0001will beO.

Let r; denotethelong-runproporton of time we arein statei, i.e.

. Ny
m_tlggo t ©

whereN;; isthenumberof timeswe arein statei amongtimes1.0001,2.0001,...1.0001. Thenfrom Markov
chaintheory

5In someversionsof this protocol,thereceier might not sendan ACK after every frame. For instanceif frame3 is receied
correctly therecever maywait until it recevesframe4, andthensendACK(5) or NAK(4), eachof whichwould implicitly bean
ACK for frame3. However, herewe will assme aresposeto every frame. For simplicity, we arealsoignoringissuessuchas
corruptedACKsandsoon.
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T = ThDki (7)
P

wherepy; is the probabiity of going from statek to statei (in onestep).

Let usderive the equatiorfirst for 75,. For concretenesset’'sagainassumehatN = 16 anda = 5, sowe
wantto find the equationfor 71y. Thuswe needto know py, 1o for thek = 0,1,2,..,10. So, the questim is,
How canwe getto statel0 (in onestep)?Thereareonly two pos#ilities:

e wecouldbein statel0at onetime poirt n.0001,andthengetan ACK attime n+1,in which casewe
woud bein statelOattime (n+1).0001pr

e we couldbein state9 at time pointn.0001,in which casewe would automaticayf be in state10 at
time point(n+1).0001

In otherwords,

Projo=1-p (8)
and
Po,io =1 9)
So,from Equation(7), we have that
Toa = Moo (1 — p) + Toq—1 X 1 (10)
sothat
1
Toa = —M2a—1 (11)
p

Also, by thesamereasoningvhichledto Equation(9), p; ;+1 = 1 forj=0,1,..2a — 1, s0o
T, = ;-1 (12)
fori=1,2,..,2a — 1. Amongotherthings thismeanswe canrewrite (11) as
1
T =— —TQ (13)
p
Notethat
7T0+7T1—|—...+7T2a:1 (14)
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