EECS122: Introductionto CommunicatiorNetworks
Homeawork 8 Solutions

Solution 1.  Intheabsencef transmissiorerrors,alternatingoit deliversonemessaggeer
round-triptime, while a sliding window protocolwith awindow of W pacletsdeliverswW
messageperround-triptime. Sothethroughputandefficiency simply increaseoy afactor
of W, exceptthatif the throughputreacheghe channelate(the efficiency reaches00%)
thenfurtherincreasesn W do not help. Theresultsaretherefore:

window size throughput efficiency
10 paclets 999.60paclets/second 0.35%
100paclets  9996.0paclets/second 3.5%
1000paclets  99,960paclets/second  35%
10,000paclets 284,090paclets/second 100%

Thethroughputin thelastrow is the maximumpaclet rateof the channel(1 paclet/t,
seethe solutionto homewvork 7 problem?2).

Solution 2.

a) LetM betheboolearmatrix correspondingo thetransmittednessagéincludingthe
parity bits) andlet M(i, j) denotethei-th row, j-th columnelementof M. Let M’ be
the messageeceved. Possibly M’ £ M. We assumehat M’ differsfrom M in at
mostthreeelements.

If M" andM differin only oneelementsayM’ (i, j1) # M(i1, j1), thentheparity bits
of row i1 andcolumn j; arebothwrong.

If M" and M differ in two elements,say M'(i1, j1) # M(i1, j1) and M'(iz, j2) #
M(i2, j2), then: eitherii # iz, in which casethe parity bits of rows i; andi, are
bothwrong;or j1 # j2, in which casethe parity bits of columnsj; and j, areboth
wrong.

If M’ andM differin threeelementssayM’ (i1, j1) # M(i1, j1), M/(i2, j2) # M(i2, j2)
andM’(is, j3) # M(is, j3), then: eitherall rows iy, i» andiz aredifferent,in which
casethe parity bits of all threerows arewrong; or two rows amongis, i» andiz are
the same,in which casethe parity bit of the otherrow is wrong;oriy =i, =iz =1,
in which casethe parity bit of row i is wrong.

b)



c) Assumingat mostonebit error, if M'(i1, j1) # M(i1, j1), thenthe parity bits of row
i1 andcolumn j; arebothwrong,indicatingwhich elementwasinverted.

d) If two bit errorsoccurin the samerow, then the parity bits for the two columns
will bewrong, but the parity bits for all rows will be correct,sothe decodercannot
know which row the errorsarein. Similarly if the errorsarein the samecolumn.
If the errorsare in neitherthe samerow nor the samecolumn, the parity bits for
both columnsandboth rows will be wrong, but the decodercannotknow whether
theerrorsarein theupperleft andlower-right intersectionsor in theupperright and
lower-left intersections.

Solution 3.
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Figurel: CRCdivisionfor problem3a.



a) We have to divide (without carry)M - 28 by G = 100000111where

M- 28 = 110010010010101.2® = 110010010010101000000000

Thedivision (in bit-string form) is shavn in figure 1. Theremainderis foundto be
R=10000110S0,thetransmittedccodevordis

T =M-28 4+ R=110010010010101010000110

111100010010101010000110
100000111
011100101
111001010
100000111
011001101
110011011
100000111
010011100
100111000
100000111
000111111
111111101
100000111
011111010
111110100
100000111
011110011
111100111
100000111
011100000
111000000
100000111
011000111
110001110
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010001001
100010010
100000111
000010101
101010110
100000111

001010001

100000111

Figure2: CRCdivisionfor problem3hb.



b) The receved codavord is T’ = 111100010010101010000110The decodercom-
putesthe remainderof the division of T’ by G asshawn in figure 2. Theremainder
is foundto beE = 1010001.

¢) Thereceverknowsanerrorhasoccurredoecausé is notzero.

Therecevercannotgenerallycorrecttheerror Thestatementthe 1sin E tell where
theerroroccurred”in thelectureslidesis notgenerallycorrect.If theadded‘noise”
(corruptionby the channel)is divisible by G thenthe resultingE doesnot indicate
wherethe errorsoccurred.Iln any case, CRCis mainly usedfor error detection,not
correction(seeslideon CRC properties).

Solution 4.

a) Theencodednessagé¢outputof theautomatonyorrespondingo inputM = 101001
isT =11010001111f{theautomatorfollowsthepath0O0— 10— 01— 10— 01—
00— 10).

b) Therecevedmessagés T’ = 101100011111In figure 3 you canseethetreecom-
putedby the decoder The decoderchooseghe pathO0 — 10— 01— 10— 01—
00— 10, which haspenaltyl+ 1+ 0+ 0+ 0+ 0= 2. This pathcorrespondso the
automatonnput101001(whichis theoriginal messageandthisis whatthedecoder

outputs.
received
message: 10 11 00 01 11 11
1
00— 00—*=00——>0——"0———*=00—>00

e e

11

Figure3: Corvolutionaldecodingfor problem4b.

c) Assumethe errorwasin oneof the lasttwo bits, say thereceved messageés T =
110100011110Then,thedecodemwouldfind two pathswith samepenaltyl, namely
the correctpath(above) andthe pathOO — 10 — 01 — 10— 01— 00— 00. If the
decoderchooseshe secondpath,thenit outputsthewrongmessagé01000.



Solution 5.

a)

b)

d)

In our time-slottedmodel (which is an approximationof what really happens)the
sourcesendsawindow of onepaclet duringthefirst round-triptime, two duringthe
second,andso on, until it sends33 paclets during the 339 andthe last paclet is
droppedgcausinghecycleto repeat.Thethroughputis 1+ 2+ ... 431+ 32+ 32=
560 pacletspercycle, andeachcycle is 33 round-triptimes. The channelcancarry
32 pacletsperround-triptime, sotheefficiency is
throughput  “gde " 39RTT

hannekate 32 paclets
channerate R

=53.0%

Thelargerthechannekapacityn, thelessit matterghatthewindow rampsfrom 1 to
n+ 1 ratherthanO to n. The averagewindow sizeapproaches/2, sothe efficiengy
approached/2.

Thethreshholdor transitioningfrom slow startto congestioravoidancemight start
out large, but it will be reducedafter the first loss or two, andthe connectionwill
settleinto arepeatingpattern:the sourcewill grow thewindow from 1 pacletto 16
in powersof 2 (slow start),thengrow it 1 pacletatatime (congestioravoidance)up
to 33, which causesloss,andthenthecycle repeats Sincetheefficiengy is in terms
of the averagethroughputthe behaior at the beginning of the connectiondoesnt
matter Thethroughputis 1+2+4+8+ 16+ 17+ 18+ ... + 31+ 32+ 32 =455
pacletspercycle,andeachcycleis 5+ 16+ 1 = 22 round-triptimes. The efficiency
is

throughput  “gie " 29 RTT

hannerate 32 paclets
channerate R

= 64.6%

First, let's assumeahatthe channelcapacityn is a power of 2. If nis large,thetime
spentin slow start(log, n round-triptimes)is negligible comparedo thetime spentn
congestioravoidance(n+ 1 round-triptimes). Thewindow is almostalwaysramping
fromn/2ton-+1, soasnincreasesheaveragewindow sizeapproache8n/4, sothe
efficiency approache8/4. Thisis anacceptableolution.

If nis slightly lessthana power of 2, the window reachesonly aboutn/4 before
switchingto congestioravoidance. Thewindow is almostalwaysrampingfrom n/4
ton+ 1, soasnincreasesheaveragewindow sizeapproachesn/8, sotheefficiency
approaches/8.

If nis unrestrictedthenasn increasesheefficiengy takesonall valuesbetweerb/8
and3/4 infinitely often.



