HW #3

ELEN E4710 - Intro to Network Engneering Due2/26/202
Spring2002 Prof. Rubenstein
Homework mustbe turnedin at the beginning of classon the due dateindicaed abore. CVN studentshave one
additioral day Lateassignmentwill notbeaccepted

1. Trains arrive atthe 116h Streetstationaccordig to anexponentialdistribution with rate \. Whenever atrain
arrives,the nurmber of peoplethatgetoff thetrain is uniformly distributedbetweenl0 and100. Only oneexit
gateis opered(sothatall peope exiting mustpassthrowghthesamegate),andtheline atthegatehas12 peope
waiting onaverage Whatis the expectedtime arandompersomeeddo wait to exit the station?
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2. In class,we startedthe compuationfor the configurationshavn above of the probability thatdevice 1 makesa
successfulransmissiongiven thatdevice 1 transmitswhere

eachdevice transmitsduring eachclock tick with probability p (wherethe decisionto transmitis a
Bernoulli process),andthe recipien device of the transmissioris chosenuniformly from the setof re-
mainingdevices(othe thanthetransmittey.

two framescollide onalink £ if they aretransmittedduring the sameclocktick andbothtraversel

a transmissiorfrom device ¢ to device j failsif the transmissiorof the framefrom ¢ to j collideswith
anotherframealongary link onthepathfrom i to j (collisions thathapgen off this pathdo not affectthe
transmissiorfrom i to 7).

the switch at the top “knows” which hub to transmitto in orderfor a particdar device to be reached
Therebre,whendeliveling aframeto device j, it forwards theframeonly onthelink thatleadsto device
J-

theotherhubsdonothave thesesuppressionapabilitiesandmustforwardall transmissionsnall outging
links.

Recallthatwe lookedataparticula clocktick ¢, andwe let T'; bearandan variablethatequds 1 whendevice:
transmitsattimet and0 otherwise We let d; bearandmvariale thatequds thedestinatiorof ary transmission
from device ¢, andwe definedX; to be arandon varialde thatequalsl if device i's transmissiorat time ¢ is
successfuand0 otherwise We therefae wishto compue Pr(X; = 1|7; = 1). We did this asfollows:
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To competethe compuation,you needto compte Efﬁnﬂ Pr(Xy =1, =1,dy, = ).
. Supmsea switchis usedin placeof hub 1 (the hubimmediatelyabore device 1) andthe switch at the top is
repla@dby ahuh

(a) Givethesetof transmissiorscenariosvheredevice 1's transmissiorwould fail uncer the original config
urationbut succeedsere.

(b) Give the setof transmissiorscenariosvheredevices1’s transmissiorwould succeedinder the original
configuationbut wouldfail here.

(c) ComputePr(X;, =1|T; = 1)

. N devicessharea LAN and frame transmissiortimes are segmentedinto slots suchthat two transmissions
duiing the sameslot alwayscausdransmissiorailures, whereagwo transmissionguringdifferert slotsdo not
causdransmissiorailures. Assumethateachdevice hasa frameto sendevery time-slot,but only perfomsthe
transmissiomwith a prokability p.

(a) Whatis the prohability of a successfulransmissiorin a giventimetick (in termsof N andp).

(b) Whatis the probability thatdevice 1's transmissioris successfulgivendevice 1 attemptsatransmission?
(c) Whatis theexpedednunmberof successfulransmissionpertime-slot?

(d) Whatvalueof p (in termsof N) maximizes the probability in part4a.

. Supmsethatn devicessharea LAN, whereeachdevice sendsframesthattake L microseconddo transmit
ontothewire, with L > 27 wherer is the maximumpropagationdelayon the LAN. & of thesen devicesuse
ALOHA, wherethebacloff occus atrate ), the othern — k devicesuseslottedALOHA with slotsof size L
andbacloff atrate . Whatis theprobaility of successfulransmissiorfor

(a) A deviceusingALOHA
(b) A deviceusingslottedALOHA
(c) A devicedrawn atuniformly atrandomfrom the setof devices.

. A setof devicesonaLAN transmitframeswhoselengtts areexponentiallydistributedwith rate A ;. Thesystem
usedto usenonpersistenCSMA wherea device would checkif thewire wasavailableat theinstantit wanted
to transmitand sendthe frameif the wire wasfree. If not, the device would backoff for a time ¢ that was
exponentiallydistributedwith rate As. Whentime ¢t comgeted, the processwvould repeatuntil the framewas
sent.

The systemis beingswitchedto onewherethe line canbe sensedtontinwusly, suchthat the preciseend of
the previoustransmissiortanbedetermind. A bacloff whosetime is exporentially distributedwith rate 5 is
appied oncethe wire goes freeto preventsynchonizedframetransmissios. Computel 3 asa function of A,
and)\; suchthatthe expectedtransmissiomates(i.e., the distribution on how long the bacloff is from theend
of atransmissiorirame) arethe samein thetwo systemsShaw or explain how you getyourresult.

. Let C1, Cs, C3 bethreeconrectionsthatuseCDMA to transmituponthe samechannelusingchippirg signals
(a1,1,11,1,21),(1,1,1,-11,1,-1-1), and (1,1;1,-1,-1,-1,1,1) respectiely. If the receved chippirg signalis

(1,1,1,1;1,-1,3,3), what was the value of the bit transmittedby connectims C 1, Cs, C5 (Where the valueis
eitherl or-1)?



