Fall Term 2006
TelCom 2310
Computer Networks
Monday 3:00 pm - 5:50 pm
Sennott Square 6110
http://www.cs.pitt.edulznati/tel2310.html

Homework 1 Solution

Problem 1

1. The number of hops is one less than the number of nodesdiisit

e For a star topology, the fixed number of hop&.s

e For a loop topology, the furthest distance from a source i®diuated at% hops if the number of nodes
in the loop is even, and é¥2;1 hops if the number of nodes in the loop is odd.

— Even Case:Notice that there ar2 nodes located athops from the source, fdr<= i <= % -1,
and only one node, the furthest from the source, Iocate%’i abps from the source. Therefore, the

N_1. 2
average number of hops2y X721 i + § = a5

- Odd Case:In this case, there are exacﬂynodes Iocated athops from the source, fdr <= i <=

N—1. Therefore, the average number of hopg*; Zl o= ML

e Fora fuIIy connected topology, each node is directly cotectto all other nodes. Therefore, the number
of hops is simply 1.

e Since a tree is defined to be any geometry which interconradicteodes so that there is a single path
between any two nodes but not loops or circuits, a tree carotmeld from any ring configuration by
deleting one link. Thus, for any ring configuration, a treafgguration with shorter total length can be
found and the minimum possible total length of any tree mesthorter than the minimum possible total
length of any ring.

Problem 2

(a) Assume that the program can be decomposediimmdules where the size of each modilgk lines.
The cost of writing these modules is:

2
Ck)=k <a2 + (%) ) = ka® + NTQ (1)

(b) Note that the functio@ (k) increases to infinity fok going to zero and fok going to infinity. Thus,
we expect that there is a minimum value. To find the valué diat corresponds to that minimum, we
calculate the derivative af' (k) with respect td: and we set it to zero. This gives:

dC(k) o N* N

W—a—ﬁ—(),z.e.,k—; (2)
We can find the values oV such asC* < N? (i.e, it is preferable to decompose the program into
modules). This is the case wh2ia < N2, i.e., N > 2a.



Problem 3

Define the following parameters for a communication network

e N = number of hops between two given end systems,

L = message length in bits,

B = data rate, in bits per second (bps), on all links,

P = packet size

H = overhead (header) bits per packet, and
e S = call setup time (circuit switching or virtual, and

D = propagation delay.

Assume thatV = 4, L = 3200, B = 9600, P = 1024, H = 16, .S = 0.2, andD = 0.001 and that the queueing
delay and processing overhead are ignored.

(8) The end-to-end delay for circuit switching is:

T =C; + Cs, where 3)
e (1 = Call setup time,
e (5 = Message delivery time.
e (1 =5=0sec.
e (5 =Propagation Delay + Transmission Time. Therefatez N x D+ 5 = 4x0.001+% =0.337
sec.

e T'=0.2 + 0.337=0.537 sec.
(b) The end-to-end delay for packet switching is:

T=Dy + Dy + Ds +D4, where (4)

e D; = Time to transmit and deliver all packets through the firgi,ho
e D, = Time to deliver the last packet acros the second hop,
e D3 = Time to deliver the last packet across the third hop, and
e D, = Time to deliver the last packet across the forth hop.
There areP — H = 1024 — 16 = 1088 data bits per packet. A message3260 bits require four packets.
Therefore:
e Dy =4 xt+p,where
— t =transmission time for one packet,
— p = propagation delay for one hop.
e Di=4x £+ D=4x $32240.001 = 0.428 sec.
e Dy=D3=Dy=t+p=%4 + D =0.108 sec.
e T'=(.752 sec.
Notice that the above solution assumes that the last pasletdded to a full size packet. If padding of

the last packet is not allowed, the transmission of the udedgacket takes only.2363, and the total
transmissiorf” = 0.667.



Problem 4

The objective of this homework is to derive the maximum paskee for a given transmission network.
(8) The total number of bitsy,;;,, that must be transmitted to send the message is :

M
(Kmaz — 1)
with [z] the smallest integer greater than or equat.to
(b) Ignoring the queueing and processing delays at thenm@giate packet switching nodes, the total tiffie,
required to transmit a message of sizeover j is the time it takes for the first packet to travel over the

first j — 1 links plus the time it takes the entire message to travel thefinal link. If R represents the
transmission rate in bits per second (bfi3)s given by:

Nbits:M + |— ]tha (5)

(] - 1)Kmam + M + [%" X Np,

- —— Fnee =) (6)

Problem 5

Consider a network to connect 100 people. Each link in theowdt provides for communication between two people.

1. To connectNV people, we need/ = w links. ForN = 100, M = 4950. If the mean distance between
two people isl km, we need!950 kms of wires.

2. To achieve a more efficient resource utilization the sotudepicted in Figure 1 can be used:
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Switch Capable of Handling
Five Simultaneous Conversations

Figure 1: Network Configuration

Problem 6

Assume that the program is composed of 3 files, each file aontpin average 250,000 characters. Each character is
8 bits. Furthermore assume that you can ride your bike at ##akinmom your house to the professor’s office.



1. The total number of bits to be transmitte@#)000 x 3 x 8. The time, in seconds, it takes to transmit these bits

is 250000x3x8 — 90000 sec. Over this time, the student, riding at 18km/hr, carefravlistance, in kilometers:

(18 x 20000)
3600

d— = 100km (7)

Therefore, unless the professor lives more th@mkm away from the student, it is faster to deliver the home-
work directly.



