EECS122: Introductionto CommunicatiorNetworks
Homeawork 6 Solutions

Solution 1.

a) Onestationis alwaysactive andalwayshasdatato send. It sendsdatafor time H,
thenreleaseshetoken,whichtakestime L to return,andthe processepeatsThere-
fore, the efficienay is i

b) Frompart(a), thelargerH is, the higherthe efficiency. As H tendsto o (infinity),
theefficiency tendsto 1. Thereforethe“best” H is co.

c) The worst caseis whenN stationsare active and eachstationholds the token for
the maximumallowedtime H. Fromthetime a stationreleaseshetoken,thetoken
spenddime L propagatingaroundthering, andtime H stoppedat eachstationalong
theway, for atotal of L+ (N — 1)H until thefirst stationrecevesthetokenandcan
transmitagain.

Solution 2. As explainedin thetextbook,the averagetokenrotationtime is TTRT (more
precisely the time taken for a stationto receve the token n times cannotbe more than
(n+1)TTRT, sothe averagetokenrotationtime is %TTRT, which approache3 TRT as
n — o). During eachtokenrotation,thetokenspendgime L propagatindetweerstations,
leaving time TTRT — L duringwhichiit is beingheld by transmittingstations. Therefore,
theefficiengy is TIRI=E. Thetextbookshavs thatthe worst-caseaccessimeis 2TTRT.

a) Theefficiengy is maximized(to 1) asTTRT — . However, the worst-caseaccess
time (2TTRT) alsotendsto infinity.

b) TTRT cannotbe smallerthanL. Therefore, TTRT = L minimizesthe worst-case
accesgimeto 2L. However, for TTRT = L, theefficiengy is 0.

Solution 3. The500byte framewill be classifiedassynchronoudraffic in FDDI terms.
Eachtime a stationgetsthetoken, it will be allowedto sendonesuchframe. Sincethe bit
rateof FDDI is 100Mbps, thetime neededo sendsuchaframeis

8 bits second

S00bytes T - T bits

40 ys

a) Saythe numberof stationsis N. Eachstationkeepsthe tokenfor at least40 us, so
thetokenrotationtime is 200 s+ N - 40 ps. This hasto beatmostl ms= 1000ps.
Thereforethe maximumN is 20.



b) Eachstationnow holdsthetokenfor 40 pysto transmittheframe,plusanother200pus
waiting for the last bit to comeback. So for N stations,the token rotationtime is
200ps+ N - 240 ps, which againmustbe at most1000pus. Therefore the maximum
N is 3. Thisillustrateshow badlydelayedtokenreleasecandegradeperformance.

Solution 4. Figure?? presentascenariovherethehidden-terminaproblemis notsolved
by the RTS/CTSmechanism.The upperpart of the figure shavs the connecwity graph:
thereare5 stations:A, B, C, D, andE. In the lower part of the figure, the transmissions
of eachstationareshowvn. The problemstartswhenstationC cannot‘hear” the CTSfrom
B to A: thisis becauseC is within rangeof both B andD, andis “drowned” by the data
transmissiorof D andthe CTStransmissiorof B, sothatit doesnt receve anything atall.
Also, C cannothearthe datasentfrom A to B, sinceA andC arenotin range.Therefore,
whenC “wakesup” (C heardthe RTS from D to E, sodecidedo wait for thewholetrans-
missionfrom D to E) andwantsto senda paclet, sayto D (it couldbe arny otherstation),
it “drowns” B whenit sendsanRTS to D. So,A’s datato B getscorruptedalthoughtheir
RTS/CTShandshak got throughwithout problems.

Becaus®f situationdik etheabove, RTS/CTSis usuallyaccompanietyy anACK from
thereceverto thesenderafterdatahasbeentransmittedn theabove case B will notsend
anACK backto A, soA will know thatit’sdatadidn’t getthroughandtry again.
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Figurel: lllustrationfor solution4.



Solution 5. This is a difficult problem. A groupfrom ERL (ElectronicsResearch.ab)
andPATH, call theWeb OverWrelesgWOW) group,is developingsucha protocol.

The basicideais that, for the full-connectvity case,an alreadyexisting standardor
wire-line networks, the IEEE 802.4Token-hus standardcanbe used.This standarduilds
alogicaltokenring overamultiple-accesbroadcastingnediumsuchasatwistedpaircable
thatevery nodeis connectedo. Assuminga setof radio stationsall within rangeof each
otherdoesnot changethe natureof the medium,so the sameprotocolcanbe used. This
protocolincludesmechanismsor replacinglost tokens,detectingandremoving duplicate
tokens,adaptingto nodefailures,andsoon.

Relaxingthe full-connectvity assumptiorturnsout to be tricky. The Token-kus stan-
darddoesnotwork anymore. Still, therearewaysto work aroundthe problemandcomeup
with atoken-ringprotocolthatis bothrobustandcanalsoadaptto changesn the ernviron-
ment. The descriptionof sucha protocolis tedious,soit is not givenhere.You candown-
loadtechnicalreportsfrom the WOW web page:http://path5.eecs.begkey.edu/moverw/

Solution 6. Whena 1024-bytelP paclet is sentusingAALS, the CS sublayerfirst aug-
mentsit with 4 bytesof headeland8 bytesof trailer, thenpadsit to a multiple of 48 bytes,
bringingthenumberof bytesto 1056= 22.-48. Thenthe SAR sublayersplitsit into 48-byte
cell payloadsandthe ATM layeraddsa 5-byteheadetto eachoneto form the ATM cells.
Soeachpaclet ultimately appearsn thelinks as (22 cells) (53 byteg/cell) (8 bits/byte) =
9328bits. A pacletarrivessuccessfullyf every bit successfullyraversesall twentylinks.
Thereare 9328- 20 = 186,560 opportunitiesfor a bit error, eachwith probability 10-1°.
Thefraction of pacletsthatgetlost is the probability thatan error happenswhich is one
minusthe probabilitythatno errorshappen:1 — (1 — 10-10)186560 - 1 87 x 1075,
(Actually, if a bit of a cell payloadgetsinvertedon onelink, andinvertedagainon
anotherlink, the seconderror cancelsout the first, so not every paclet that experiences
errorsfails to arrive intact. But evenfor a bit thatgetsinvertedon thefirst link, the prob-
ability thatthe very samebit will getinvertedagainon ary of the remainingnineteenis
1-(1-101919=19x 1079 soour methodwasaccurateto within two partsper bil-
lion, andpresumablyve don't needto know thecell lossratewith nine-digitprecisionand
presumablywe didn’t know the bit errorratewith nine-digitprecisionto begin with.)



