HW #7

ELEN E4710 - Intro to Network Engneering Due4/25/202
Spring2002 Prof. Rubenstein

Homework mustbe turnedin at the beginning of classon the due dateindicaed abose. CVN studentshave one
additioral day Lateassignmentwill notbeaccepted

1. A senderS andrecever R usethe Selectve-Reat protacol to comnunicatereliably acrossa network that
dropsor coruptspacketsin eachdirection (from S to R andalsofrom R to S) with prokability p. Assumethat
thelossprocesss Bernodli andthatthesendenever timesoutearly(i.e.,thesendedoesnotretransmitpaclet
while a previouscopy is headng to therecever usingthe Selectve-Repeatprotacol or anacknaviedgmen for
aprevioustransmissions onits way backto the sendey.

(a) Computethe expectednumter of timesthe sendettransmitsa particdar paclet (i.e., paclet: for ary 7).

(b) If thewindow sizeusedby the protacol is w, andit takestime 7 for a pacletto bereceved andacknavl-
edgedwhenno lossor corruptiors take place,give anupperbourd on the maximum rateof the pratocol.
Explainwhy your resultis anupper bound (hint: at most w pacletscanbetransmittedat ary given time).

2. AssumeS and R commuicatein a networking ervironmert similar to thatin problem 1. The reliable data
transfe pratocol usedis Go-backN, wherepacletsthatarereceved out of orderaredroppedby the recever
(i.e., pacleti + 1 is acceptedbnly if pacleti hasalreag beenreceied). Assumethe senderandrecever
comnunicatein rourdswhereeachrourd, thesendessendghew pacletsthatarecurrenly in its window.

(a) AssumingACKs arenever lost, conputethe expectednumtler of pacletsacceptedy the recever each
rourd.

(b) Suppsethereceier respomls eachrourd by sendinga single ACK (at the end of the round) indicatirg
the largestsequene numter it hasacceptd, andthatthis ACK is lost with prabability p. Let R bear.v.
thatequalsthe nunmberof pacletsacceptedy therecever betweerthetime thesendereceves acknavl-
edgmets. Let N bethe numberof roundsthattake placeuntil the sendereceves anacknavliedgmen.
ComputeE[R] andE[N].

(c) (ExtraCredit) Theexpectechunberof transmissiongerroundis E[R]/E[N] (andnot E[R/N]). Why?

3. Considera reliable datatransferprotocd that transfes datausinga window of sizew in an ervironmen in
which pacletscanbe lost, but cannd bereordeed. The protacol usesa sequene numbeing schemehatgoes
from 0 ton — 1, suchthatpacletrepresentig theith sgmert of datais assignedequenenumteri (mod n).
If n istoosmall,therecever mightmistale onedatapacletfor anotherFor instanceif n < w, thentherecever
might mistale pacletn (whichhassequenenumbe 0) asaretrarsmissiorof paclet0, whichalsohassequene
nunber0, asbothpacletscouldbein thewindow atthesametim. Shaw thata recever canmake suchanerra
when

(a) Theprotccol is Selectve Repeaandn = 2w — 1.

(b) Go-Back-N(assumehe recever discardsary pacletsthat causea gapin the receved sequene) and
n=uw.



4. A sendewishego performreliablecommuricationwith two receverssimultan@usly Uponreceving apaclet,
arecever sendsan ACK if the paclet is receved uncorupted Otherwise,it sendsa NAK if the pacletis
corrupted. A recever's acknavledgmen canbe corruged aswell. Eachrecever’s acknavledgnentarrivesat
thesendemsanuncarupted ACK independentlywith probability p (i.e., After sendiry a pacletto arecever,
thesendefknows” with probability p thattherecever successfullyecevedthepaclet.) Assumehatthesender
candetermire from which recever anarriving acknavledgnentbelong to (e.g.,it canmake thedeternination
from the sourceaddres®f theacknavledgmen paclet.)

(a) Isit sufficientto havejusttwo sequene numkers(i.e.,justusingsequenenunbers0 and1l for paclets)as
is sufficientin the single-receier case?Explainhow two canbe usedor give a counterexample shaving
thattwo is not sufficient.

(b) Considerthe reliable transmissiorof a single paclet over a seriesof rourds. The following lists three
algorithms usedby the senderto hande recever acknavledgments. In eachalgoiithm, at the start of
eachround if thesendels stateindicateshatsomerecever hasnotacknavledgedreceip, thenthesender
retransmitghe pacletto both recevers. Theround endswith thesendereceving andprocessingeedbak
from therecevers. For eachof thefollowing algoithms,indicatewhetheror not the algorithm is correct
(i.e.,thatit alwaysreliably delivers the paclet to bothrecevers.) If not, give a scenariovher it fails. If
it is correct, do both of thefollowing: draw thefinite statemachne for the sendethatindicatesits state
during thetransmissiorof the paclet. Also, let R; bearandan variablethatequalsthe numter of rourds
requiredto reliably deliver the paclet to bothrecevers. Compue E[R ;].

i. A singlebit is initially setto 0, andis setto 1 whenan uncoruptedACK is receied from either
receverwithin around. The sendeistopstransmittingthe paclet once thebit is setto 1.
ii. A singlebitisinitially setto 0, andis setto 1 whenunmrrupedACKsarereceved from bothrecevers
in asingleround. The sendeistopstransmittingonce thebit is setto 1.
ii. 2 bits areused,onefor eachrecever. Both bits areinitially setto 0. WhenanuncoruptedACK is

recevedfrom arecever, thatrecever'sbit is setto 1. Thesendeistopstransmittingoncebothbits are
setto 1.



