HW #6

ELEN E4710 - Intro to Network Engneering Due4/16/202
Spring2002 Prof. Rubenstein
Homework mustbe turnedin at the beginning of classon the due dateindicaed abose. CVN studentshave one
additioral day Lateassignmentswvill notbeaccepted

1. 3flows, fi1, f2, and f3 all passthrowgh the samerouter R. Pacletsfrom flows f; and f, arrive at R in burstsof
100with aperiad of onesecondpacletsfrom f3 arrive attherouteroneatatime with aperiodof .01seconds.
Paclketsfrom all flows containthe the samenumter of bytes). Suppse pacletsfrom f; startarriving at R at
timet = 0, flow f, attimet¢ = 5, andflow f3 attimet¢ = 0.5. If eachflow transmitsa total of 1000paclets,
andtheroute processesapacletevery 0.005 secondswhatarethecomgetion timesof thevarious flows when

() R usesFIFO (FCFS)queleing?
(b) R usesoundrobin?
(c) R usesvirtual clock?

(d) R usesweightel fair queuéng wheretheslack(i.e.,themaximun resere thata flow canbuild up)is 200
paclets?

2. Constret a FSM for a routerthatimplemens weightedfair queleing for two flows f, and f» wherew; =
3, w2 = 2, andtheslackis 0.5 (wherethe processingof a paclet from f; addsl/3 to its virtual clock, andthe
processingof a pacletfrom f, adds 1/2 to its virtual clock). Your statemachinecandependon the following
functionsandeverts to simplify its design

e [E(): thequeleis empty(prior to anarrival)
e H(i) : H(i) equaldd whenno pacletsfrom f; arequetedin thesystemandequals 1 othewise
e D(): triggeredwhentherouta competesprocessingts currer paclet.

e A(i): triggeral whenanarrival to therouter from f; occurs(only needso be usedwhentherouteris not
processingury paclets).

With thesefundions andeverts, you shouldbuild your FSM so that it indicatesclearly whosepaclet shoud
be processechext when&er sucha decisionneedsto be made. (Hint: eachstateshouldindicatethe current
differencebetweerthetwo flow’s clocks)

3. Considera quaue wherepacletsarrive at rate A andwhoseprocessindimesareexponentiallydistributedwith
rate . Whenthe quewe is empty the proessorprocessespretend pacletsat rate u. Whena real paclet
arrives,the preter pacletis immediatelyaborteddiscardedlandthereal pacletis processedThe completion
of a“preterd” pacletis countedasanevert.

RecallthatS(n) equalshenumterof pacletsin thesystenmafterthenth evert. Here,anevert is apacletarrival
or aservicecomgetion, including the comgetion of preter paclets.

(a) WhatarePr(S(n) = 1|S(n — 1) = 0) andPr(S(n) = 0|S(n — 1) =0)?

(b) Constructhe Markov mocel for this queuéng system.

(c) Solvefor thesteadystatedistribution, ; = lim,,_, ., Pr(S(n) = i) forall i,0 <i < k.
(d) Solwvefor m; ask — oc.

(e) m; is differert thanthe valuecompued usingthe Markov model formulatedin class.Explainwhy this is
thecase.

4. Constret a Markov modelfor a round-rdbin queteing systemthat canstoreup to 4 pacletsfor processing
whereno morethan2 pacletsfrom a single flow is ever stored. Assumetherearetwo flows in the system,
wherebothflow’s pacletsareprocesseatrateu, andflow f;'s pacletsarriveatrate\;. Labeltransistionswvith
theirtransitionprobabilities.



5. Constret Markov modéds for eachof two priority quetleingsystemsgachprocessingpacletsfrom two flows.
Eachsystemcanhold a total of k£ pacletsfrom eachflow. A pacletfrom f; shouldalwaysbe processedefae
ary pacletsfrom f» in the queue Assumebothflow’s pacletsare processedt rate 4, andflow f;’s paclets
arrive atrate ;.

(a) In thefirst systema pacletfrom f; arriving to afull quete will repla® a pacletin thequete from f, (if
oneexists).

(b) In thesecondsystempacletsin thequele arenotremovedexcef whentheir processings comgete(i.e.,
apacletarriving from f; to afull queuewill beturnedaway, evenif therearepacletsfrom flow f5 in the
queue



