
CSE 123: Computer Networks - Spring 2020 - Homework 1 Solutions

Q1 True or False

Q1.1

True.

Q1.2

False. In sliding window flow control, there can never be more segments in flight than the
sender window size not the receiver. (counterexample: Go-Back-N)

Q1.3

False. Receiver may receive packets out of order.

Q1.4

False. This is RTT.

Q2 Framing

Q2.1

0111 1110 0101 0011 0110 1000 0110 1111 0111 0101 0110 1100 0110 0100 0010 0000 0100
1001 0010 0000 0111 0010 0110 1111 0110 0010 0010 0000 0111 0100 0110 1000 0110 0101
0010 0000 0110 0010 0110 0001 0110 1110 0110 1011 0011 1110 1011 1111 0010 0010 0011
1111 1011 0111 0001 0011 1011 1010 0010 1011 1011 0000 1011 0100 1011 1010 0000

There are 2 sentinels in the frame which indicate the start of 2 frame (blue color in the frame
above). Note that unlike HDLC, in this question sentinel is added only to the start of the
frame and not the end. The two messages are ”Should I rob the bank?” and ”D[error]n’tWait”
(the receiver usually throws away the frame if an error occurs. It’s fine either you translate
the second frame or you don’t). The stuffed bit is shown with green color. You should
unstuff that bit before translating. The error has happened where there exist 7 consecutive
1’s which is not allowed in this kind of bit stuffing (red color). However, we are not sure if
this is the only error that has happened because we have no mechanism for error detection
here (Since there is no error detection mechanism in this question, the only way that we can
realize some error has happened is that, it happens in such a way that makes an impossible
bit pattern of 7 or more consecutive 1’s).



Q2.2

Smallest: When no bit stuffing is needed, we have 8 bits for the sentinel at the beginning
and 8 bits for the end. So 64+8+8 = 80

Largest: When all bits are 1, we need to have b64
5
c = 12 stuffed 0 after each 5 consecutive

1’s. So 64+8+8+12 = 92.

Q2.3

Disadvantage of having very long frames: As we have more bits in a frame, the probabil-
ity that bit error happens, increases. Consequently, we will have more re-transmissions.
Moreover, in each re-transmission, we have to send a longer frame again.

Disadvantage of having very short frames: For each frame, we have to add headers to the
frame. When we have very short frames, the overhead caused by headers becomes more
significant.

Note: The question is not just about fixed-length framing. It is generally asking about any
kind of framing.

Q3 Error Detection and Correction

Q3.1

With a hamming distance of 2d+ 1, we can detect 2d bit errors and correct d bit errors. So
the answer is 7 and 3. (d = 3 in this question)

Q3.2

There exists different sets of four 5-bit codewords with hamming distance of 3. Any sets
of 4 codewords in which any 2 codewords have hamming distance of at least 3 is the right
answer. Here is one of them:

00000,00111,11100,11011

Note: One way to realize that 4 is the maximum number of codewords that you can generate,
is using your result from Q3.3. However, you will get the full credit as long as you have
generated a correct set of 4 codewords.

Q3.3

You can think about this problem in 2 ways (they are basically the same. Just the wording
is different):

1- For each m-bit original message, we must be able to correct any single bit error that
happens in m+ r bits. Therefore, together with the original message itself (that is, original
message without any error), we must be able to map m+r+1 different bit sequences to that

Page 2



message. On the other hand, for each original message, we have 2r different combinations
that we can assign to the original message (because of r extra bits). As a result, the condition
that needs to be satisfied is that, we have enough combinations to assign to each original
message (2r) so that we can map all m + r + 1 different bit sequences to that message.
Therefore, 2r ≥ m+ r + 1.

2- We define the ”neighbor” of a bit sequence A, as a bit sequence which has exactly 1 bit
difference with A. Therefore, the set of all neighbors of each bit sequence A, is the set of
all bit sequences that differ with A in exactly 1 bit. For an m + r-bit bit sequence, this set
has m + r elements. Note that any 1 bit error that occurs in a bit sequence A, it will still
be inside the set of A’s neighbors. As a result, if we map the set including A and all its
neighbors to an m-bit original message CA and send the n-bit bit sequence A instead of CA,
then any 1 bit error that occurs in A, can be corrected (because that 1 bit error will change
A to one of its neighbors and will be assigned to CA again). Now, we have 2m codewords,
each of which must have m + r + 1 elements in its set. Also, the neighbors of a codeword
should not be the same as the neighbors of another codeword (that is, their sets should
not have any intersection). Therefore, we must be able to show 2m(m + r + 1) different bit
sequences. On the other hand, the total number of bit sequences that we can have is 2m+r.
So the condition that we need to satisfy is 2m+r ≥ 2m(m+ r + 1)→ 2r ≥ m+ r + 1.

Q3.4

First sequence:

The remainder is 1111. Not received correctly. We cannot tell how many bit errors have
occured because CRC only detects errors and has no mechanism, in general, to exactly
determine the number of bit errors.

Second sequence:

The remainder is 0000. Received correctly. Transmitted message: 01001010

Q3.5

10101010111101111

Q3.6

Generally speaking, error detection is more commonly used. When the bit error rate is low
(e.g. wired communication), error detection is preferred and when the bit error rate is high
(e.g. satellite communication), error correction may be used.
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Q4 ARQ and RTT

Q4.1

One-way delay = 9×107

3×108
= 0.3s RTT = 0.3 × 2 = 0.6s We can send 2 Mb data per second

on the link. Therefore, we can send 2× 0.6 = 1.2 Mega bits data during one RTT which is
1.2 Megabits
4 Kilobytes

= 1.2 Megabits
32 Kilobits

= 37.5 frames. So the maximum possible number of frames in
transit is 37.5. However, stop-and-wait will send only 1 frame during this time. Therefore,
the efficiency is ≈ 1

37.5
≈ 2.67%

Q4.2

The answer is 20,20.

Note: You should use RTT instead of one-way delay (RTT = 2× 100 = 200 ms)

Q4.3

Answer: Both

Obviously, timeout should be a function of µ because when the average of trip time is larger,
we expect larger delays and a larger value for timeout should be picked. Timeout should also
be dependent on σ because for larger values of σ, the probability that the trip time exceeds
the average trip time is significant. So for larger values of σ we need to increase timeout.
For instance, consider a scenario in which µ = 100ms. If σ = 1ms, then most of the time,
the trip time will be around 100 ms and picking timeout just a little bit larger than 100 ms
will suffice. But if σ = 10ms, then with a high probability, we might have values of trip time
which is not as close to 100 ms. So we need to increase the timeout compared to the first
scenario in order to make sure we are not firing the timeout too soon.
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