
EECS122: Introductionto CommunicationNetworks

Homework 1 Solutions

Solution 1.

rate � data
�
time

time � data
1

rate
� 15 � 210 bytes� second

1 � 5 � 106 bits
� 8 bits

byte
� 1000ms

second
� 81� 92ms

Solution 2.

userdatarate � 400characters
minute

� 8 bits
character

� minute
60 seconds

� 160
3

bps

fractionof modemcapacity� 160
3 bps

9600bps
� 1

180

Solution 3. Eachuserproduces(by typing) 160
3 bps(from solution2), but the average

messageis 6 times larger than what the usertyped, so eachusercauses320 bps to be
senton thenetwork. The maximumnumberof usersthat cansharethe 38� 4 kbpslink is
therefore

38400bps
320bps

� 120

Solution 4.

a) Sincethepropagationdelayis zero,thetime for a packet to traverseonelink is the
transmissiontime � H � S � � C. Becausearouterfirst receivesapacketentirelybefore
sendingit backout again,the time for thepacket to traversen links from A to B is
simply n timesasmuch:n ��� H � S � � C.

b) Using too many very small packets causestoo much data to be sent,becauseof
theper-packet overheadH, leadingto a large delay. On theotherhand,usingonly
onelargepacket preventsany parallelism—withmultiplepackets,onepacket canbe
usingthe jth link at thesametime thenext packet is usingthe j � 1st link, andsoon.

Observe from part(a) that largerpacketstake longerto get from A to B, sothetime
for all the packets to reachB is limited by the size of the largestpacket. When
dividing a given amountof dataamonga given numberof packets,the sizeof the
largestpacket is minimizedwhenall packetsarethesamesize.
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Supposewe usek packets.EachhassizeH � S
k . After thefirst packet is receivedby

B, therestwill immediatelyfollow. Frompart(a), thetime for thefirst packet to get
from A to B is n �	� H � S

k 
 � C. Thetime for theremainingk � 1 packetsto bearrive
is simply � k � 1��� H � S

k 
 � C, for a total of � n � k � 1��� H � S
k 
 � C. To find thek that

minimizesthedelay, wesetthederivativewith respectto k to zero:

d
dk

 � n � k � 1� � H � S
k 


C � � 0

d
dk � � n � k � 1��� H � S

k ��� � 0

� n � k � 1��� � S
k2 � ��� H � S

k � � 1� � 0� n � k � 1����� S ����� Hk2 � Sk � � 0

Hk2 � � n � 1� S
k � � � n � 1� S

H

Of course,in generalk will not beaninteger, sogivenactualnumbersfor S, H, and
n, wewouldneedto evaluatethetotaldelayfor � k � packetsand � k � packets,anduse
whicheverwasbetter.

Solution 5. Circuit-switchednetworks(like thetelephonenetwork) canguaranteea cer-
tain bandwidthand maximum delay, becausethere is a dedicatedconnectionbetween
parties. In packet-switchednetworks many connectionssharethe sameresources(links,
buffersin routers),sothereareno guaranteeson bandwidthanddelay. On theotherhand,
in packet-switchednetworks thereis betterutilization of resourcesdueto sharing:when
a connectionin a circuit-switchednetwork is usedintermittently, the unusedcapacityis
wasted,while in apacket-switchednetwork it is availablefor otherusers.Also, in apacket-
switchednetwork, whena routeror link fails,subsequentpacketscantakeadifferentpath,
whereasin a circuit-switchednetwork theconnectionis brokenandmustbe setup again
by theendnodes.

Solution 6. [not yet]
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