
EECS122: Introductionto CommunicationNetworks

Homework 8 Solutions

Solution 1. In theabsenceof transmissionerrors,alternatingbit deliversonemessageper
round-triptime, while a sliding window protocolwith a window of W packetsdeliversW
messagesperround-triptime. Sothethroughputandefficiency simply increaseby a factor
of W , exceptthat if the throughputreachesthechannelrate(theefficiency reaches100%)
thenfurtherincreasesin W do nothelp.Theresultsaretherefore:

window size throughput efficiency
10 packets 999.60packets/second 0.35%
100packets 9996.0packets/second 3.5%
1000packets 99,960packets/second 35%

10,000packets 284,090packets/second 100%

Thethroughputin thelastrow is themaximumpacket rateof thechannel(1 packet
�
τ,

seethesolutionto homework 7 problem2).

Solution 2.

a) Let M bethebooleanmatrixcorrespondingto thetransmittedmessage(includingthe
parity bits) andlet M � i � j � denotethe i-th row, j-th columnelementof M. Let M � be
the messagereceived. Possibly, M ���� M. We assumethat M � differs from M in at
mostthreeelements.

If M � andM differ in only oneelement,sayM ��� i1 � j1 �	�� M � i1 � j1 � , thentheparitybits
of row i1 andcolumn j1 arebothwrong.

If M � and M differ in two elements,say M �
� i1 � j1 ���� M � i1 � j1 � and M ��� i2 � j2 ����
M � i2 � j2 � , then: either i1 �� i2, in which casethe parity bits of rows i1 and i2 are
bothwrong; or j1 �� j2, in which casetheparity bits of columns j1 and j2 areboth
wrong.

If M � andM differ in threeelements,sayM �
� i1 � j1 ���� M � i1 � j1 � , M ��� i2 � j2 ���� M � i2 � j2 �
andM �
� i3 � j3 �
�� M � i3 � j3 � , then: eitherall rows i1, i2 and i3 aredifferent,in which
casetheparity bits of all threerows arewrong;or two rows amongi1, i2 andi3 are
thesame,in which casetheparity bit of theotherrow is wrong;or i1 � i2 � i3 � i,
in which casetheparitybit of row i is wrong.

b)

M � ��
0 0 0
0 0 0
0 0 0

��
� M � �

��
1 1 0
1 1 0
0 0 0

��
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c) Assumingat mostonebit error, if M � � i1 � j1 ���� M � i1 � j1 � , thentheparity bits of row
i1 andcolumn j1 arebothwrong,indicatingwhichelementwasinverted.

d) If two bit errorsoccur in the samerow, then the parity bits for the two columns
will bewrong,but theparity bits for all rows will becorrect,so thedecodercannot
know which row the errorsare in. Similarly if the errorsare in 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 theupper-left andlower-right intersections,or in theupper-right and
lower-left intersections.

Solution 3.

110010010010101000000000 | 100000111
100000111 |
--------- |
010010101 |
100101010 |
100000111 |
--------- |
000101101 |

101101101 |
100000111 |
--------- |
001101010 |

110101001 |
100000111 |
--------- |
010101110 |
101011100 |
100000111 |
--------- |
001011011 |
101101100 |
100000111 |
--------- |
001101011 |

110101100 |
100000111 |
--------- |
010101011 |
101010110 |
100000111 |
--------- |
001010001 |

101000100 |
100000111 |
--------- |
001000011 |
10000110 |

Figure1: CRCdivision for problem3a.
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a) Wehave to divide (withoutcarry)M � 28 by G � 100000111,where

M � 28 � 1100100100101010� 28 � 110010010010101000000000

Thedivision (in bit-string form) is shown in figure1. Theremainderis foundto be
R � 10000110.So,thetransmittedcodeword is

T � M � 28 � R � 110010010010101010000110

111100010010101010000110 | 100000111
100000111 |
--------- |
011100101 |
111001010 |
100000111 |
--------- |
011001101 |
110011011 |
100000111 |
--------- |
010011100 |
100111000 |
100000111 |
--------- |
000111111 |

111111101 |
100000111 |
--------- |
011111010 |
111110100 |
100000111 |
--------- |
011110011 |
111100111 |
100000111 |
--------- |
011100000 |
111000000 |
100000111 |
--------- |
011000111 |
110001110 |
100000111 |
--------- |
010001001 |
100010010 |
100000111 |
--------- |
000010101 |

101010110 |
100000111 |
--------- |
001010001 |

Figure2: CRCdivision for problem3b.
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b) The received codeword is T � � 111100010010101010000110.The decodercom-
putestheremainderof thedivision of T � by G asshown in figure2. Theremainder
is foundto beE � 1010001.

c) ThereceiverknowsanerrorhasoccurredbecauseE is not zero.

Thereceivercannotgenerallycorrecttheerror. Thestatement“the 1sin E tell where
theerroroccurred”in thelectureslidesis notgenerallycorrect.If theadded“noise”
(corruptionby thechannel)is divisible by G thenthe resultingE doesnot indicate
wheretheerrorsoccurred.In any case,CRCis mainly usedfor errordetection,not
correction(seeslideon CRCproperties).

Solution 4.

a) Theencodedmessage(outputof theautomaton)correspondingto inputM � 101001
is T � 110100011111(theautomatonfollowsthepath00 � 10 � 01 � 10 � 01 �
00 � 10).

b) Thereceivedmessageis T � � 101100011111.In figure3 you canseethetreecom-
putedby thedecoder. Thedecoderchoosesthepath00 � 10 � 01 � 10 � 01 �
00 � 10,which haspenalty1 � 1 � 0 � 0 � 0 � 0 � 2. This pathcorrespondsto the
automatoninput101001(which is theoriginalmessage)andthis is whatthedecoder
outputs.
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Figure3: Convolutionaldecodingfor problem4b.

c) Assumetheerrorwasin oneof the last two bits, say, thereceivedmessageis T � � �
110100011110.Then,thedecoderwouldfind twopathswith samepenalty1,namely,
thecorrectpath(above) andthepath00 � 10 � 01 � 10 � 01 � 00 � 00. If the
decoderchoosesthesecondpath,thenit outputsthewrongmessage101000.
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Solution 5.

a) In our time-slottedmodel(which is an approximationof what really happens),the
sourcesendsawindow of onepacket duringthefirst round-triptime, two duringthe
second,andso on, until it sends33 packetsduring the 33rd and the last packet is
dropped,causingthecycle to repeat.Thethroughputis 1 � 2 ��������� 31 � 32 � 32 �
560packetspercycle, andeachcycle is 33 round-triptimes.Thechannelcancarry
32packetsperround-triptime,sotheefficiency is

throughput
channelrate

� 560 packets
cycle � cycle

33 RTT
32 packets

RTT

�� 53� 0%

b) Thelargerthechannelcapacityn, thelessit mattersthatthewindow rampsfrom 1 to
n � 1 ratherthan0 to n. Theaveragewindow sizeapproachesn

�
2, sotheefficiency

approaches1
�
2.

c) Thethreshholdfor transitioningfrom slow startto congestionavoidancemight start
out large, but it will be reducedafter the first lossor two, andthe connectionwill
settleinto a repeatingpattern:thesourcewill grow thewindow from 1 packet to 16
in powersof 2 (slow start),thengrow it 1 packetata time(congestionavoidance)up
to 33,whichcausesa loss,andthenthecyclerepeats.Sincetheefficiency is in terms
of the averagethroughput,the behavior at the beginning of the connectiondoesn’t
matter. The throughputis 1 � 2 � 4 � 8 � 16 � 17 � 18 ��������� 31 � 32 � 32 � 455
packetspercycle,andeachcycle is 5 � 16 � 1 � 22round-triptimes.Theefficiency
is

throughput
channelrate

� 455 packets
cycle � cycle

22 RTT
32 packets

RTT

�� 64� 6%

d) First, let’s assumethat thechannelcapacityn is a power of 2. If n is large,thetime
spentin slow start(log2n round-triptimes)is negligiblecomparedto thetimespentin
congestionavoidance(n � 1 round-triptimes).Thewindow is almostalwaysramping
from n

�
2 to n � 1, soasn increasestheaveragewindow sizeapproaches3n

�
4, sothe

efficiency approaches3
�
4. This is anacceptablesolution.

If n is slightly lessthana power of 2, the window reachesonly aboutn
�
4 before

switchingto congestionavoidance.Thewindow is almostalwaysrampingfrom n
�
4

to n � 1, soasn increasestheaveragewindow sizeapproaches5n
�
8,sotheefficiency

approaches5
�
8.

If n is unrestricted,thenasn increasestheefficiency takesonall valuesbetween5
�
8

and3
�
4 infinitely often.
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