ECE 2305: Introduction to Communications and Networks
Homework+Lab 6: Solution.

Homework Problems
1. Stallings Problem 7.3.
Answer:

2. Stallings Problem 7.4.
Answer:

3. Stallings Problem 16.11.
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Answer: We can compute the a parameter as
a=

80
tprop
=
tframe
L

and the link utilization follows as
U=

1
1
=
≥ 0.5
1 + 2a
1 + 160/L

which is satisfied if and only if L ≥ 160. Therefore, an efficiency of at least 50% requires a
frame size of at least 160 bits.
4. Stallings Problem 16.12.
Answer: We can compute the a parameter as
a=

tprop
= 270
tframe

and the link utilization for part (a) follows as
U=

1
1
=
≈ 0.002.
1 + 2a
1 + 540

For part (b), with W = 7 the link utilization is
U=

W
7
=
≈ 0.013.
1 + 2a
1 + 540

For part (c) with W = 127 the link utilization is
U=

W
127
=
≈ 0.23.
1 + 2a
1 + 540

For part (d) with W = 255 the link utilization is
U=

W
255
=
≈ 0.47.
1 + 2a
1 + 540

5. Suppose that
tframe = 1.000 millisecond (time to transmit one frame)
tprop = 1.500 milliseconds (propagation time of medium, same in both directions)
with ACK and processing times is assumed to be negligible. The total time to deliver n frames
starts at the beginning of the transmission of the first frame and finishes at the end of the
receipt of the acknowledgement.
(a) Suppose that no frames or acknowledgments are lost or damaged. Compute the amount
of time required to deliver 10 frames to the receiver if the sender and receiver use stopand-wait error control.
Answer: Using stop-and-wait, the total time is
T = n(tframe + tprop + tproc + tack + tprop + tproc ) = n × 4 ms.
Since no frames/ACKs are damaged or lost, this will require a total of 40 ms to deliver
n = 10 frames.
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(b) Suppose that no frames or acknowledgments are lost or damaged. Compute the amount
of time required to deliver 10 frames to the receiver if the sender and receiver use GoBack-N error control with a window size of 4 frames (the sender will wait to transmit
more frames if there are 4 unacknowledged frames outstanding). Assume that the receiver
sends an RR (receive ready) acknowledgment for every correctly received frame and that
the sender/receiver have a full-duplex link.
prop
= 1.5. Also note that W ≥ 2a + 1 = 4, hence we have
Answer: Note that a = ttframe
a link utilization here of U = 1. Hence the transmitter can transmit all n = 10 frames
without pausing and the total time is
T = ntframe + tprop + tproc + tack + tprop + tproc = 13 ms
since no frames/ACKs were damaged or lost.
(c) Now we consider the case where an acknowledgment (ACK or RR) for a frame has been
lost. The sender’s timeout period is given as 6 milliseconds and begins at the completion
of the transmitted frame. Compute the amount of time required to deliver 10 frames to
the receiver, given that the acknowledgement RR5 is lost (recall the first frame is labeled
frame 0), if the sender and receiver use stop-and-wait error control.
Answer: For stop-and-wait it doesn’t matter which frame was lost. For the 9 frames that
were delivered without problems, each will take 4.01 ms as shown in part (a). For the
frame where the ACK was lost, the total time is
Tlostack = tframe + ttimeout + tframe + tprop + tproc + tack + tprop + tproc ) = 11.01 ms.
Hence the total time is 9 × 4 + 11 = 47 ms.
(d) Under the same assumptions, compute the amount of time required to deliver 10 frames to
the receiver, given that the acknowledgement RR5 is lost (recall the first frame is labeled
frame 0), if the sender and receiver use Go-Back-N error control with a window size of 4
frames (the sender will wait to transmit more frames if there are 4 unacknowledged frames
outstanding). Assume that the receiver sends an RR (receive ready) acknowledgment
for every correctly received frame and that the sender/receiver have a full-duplex link.
Answer: By inspecting the timing diagram below, one can see that if the RR for frame
5 is lost, this causes a stall such that frame 9 can not be immediately sent. Upon the
reception of the RR for frame 6, since RRs are cumulative, this RR allows frame 9 to
be sent. The overall effect is to add 1 ms to the case when we had no errors, hence the
total time is 14 ms.
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Transmitter

Receiver

0123456789
0123456789

start of frame 0

0123456789
0123456789
0123456789
0123456789
0123456789
0123456789
(stall) 0123456789
0123456789
0123456789
0123456789

rr1
rr2
rr3
rr4
rr5
rr6
rr7
rr8
rr9
rr0

end of frame 0 / start of frame 1
end of frame 1 / start of frame 2
end of frame 2 / start of frame 3
end of frame 3 / start of frame 4
end of frame 4 / start of frame 5
end of frame 5 / start of frame 6
end of frame 6 / start of frame 7
end of frame 7
start of frame 8
end of frame 8 / start of frame 9
end of frame 9

0123456789
0123456789

6. Stallings Problem 8.1.
Answer:

7. Stallings Problem 8.12.

8. Stallings Problem 8.13.
Answer: Synchronous TDM: 9600 bps × 10 = 96 kbps. Statistical TDM: 9600 bps × 10 ×
0.5/0.8 = 60 kbps.
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