
Communication Networks (2nd Edition)  Chapter 5 Solutions 

Solutions follow questions: 

a. Reexamine Figure 5.10 and Figure 5.11 with respect to error events that can take place and explain how 
these events are handled so that connection setup can take place reliably. 

Fundamentally, the problem involves getting the receiver state to change from an idle state to a 
connected state. This is the same as getting the state to go from state (0,0) to state (1,1) in Figure 
5.10.  Therefore transmissions of the SETUP message must be accompanied by the start of an 
associated timer to trigger retransmissions.  Also, the receiver must acknowledge every SETUP 
frame that it receives.  The sender should ignore redundant SETUP acknowledgments and the 
receiver should ignore redundant SETUP frames.   In order to allow multiple connections, each flow’s 
SETUP and acknowledgment frames should be indexed.  In the absence of connection indexing, the 
link should only handle one SETUP at a time until the SETUP is confirmed through an 
acknowledgment.  Otherwise ambiguities in terms of what frame an ACK corresponds to will arise. 

b. To terminate the connection, either data link layer can send a DISC frame that is then acknowledged by an 
unnumbered acknowledgment.  Discuss the effect of the above error events and how they can be dealt with. 

This problem is very similar to problem a. except that in the SETUP problem the actual transfer of 
frames cannot begin until a SETUP acknowledgment is received.  In the disconnect case, the sender 
can stop transmitting after a certain number of retransmissions of the DISC message. 

c. Suppose that an initiating station sends a SETUP frame twice but that the corresponding ACK frames are 
delayed a long time. Just as the ACK frames from the original transmissions are about to arrive, the 
initiating station gives up and sends a DISC frame followed by another SETUP frame. What goes wrong if 
the SETUP frame is lost? 

If the first delayed ACK frame arrives after the initiating station sends the DISC frame and the second 
delayed ACK frame arrives after it sends the SETUP frame, the initiating station will assume the 
connection is established. Meanwhile the receiver receives the DISC frame and disconnects the 
connection and because the last SETUP frame is lost it remains in this state. 

To resolve this problem the initiating station should not send out SETUP messages with DISC 
messages outstanding. 

15.  A 1 Mbyte file is to be transmitted over a 1 Mbps communication line that has a bit error rate of p = 10−6. 

Solutions follow questions: 

The file length n = 8 x 106 bits, the transmission rate R = 1 Mbps, and p = 10-6. 

a. What is the probability that the entire file is transmitted without errors?  Note for n large and p very small,  
(1 − p)n ≈ e−np. 

P[no error in the entire file] = (1 – p)n ≈ e–np , for n >> 1, p << 1 

            = e-8 = 3.35 x 10-4 

We conclude that it is extremely unlikely that the file will arrive error free. 

b. The file is broken up into N equal-sized blocks that are transmitted separately. What is the probability that 
all the blocks arrive correctly without error?  Does dividing the file into blocks help? 

A subblock of length n/N is received without error with probability: 

P[no error in subblock] = (1 – p)n/N 
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A block has no errors if all subblocks have no errors, so 

P[no error in block] = P[no errors in subblock]N =((1 – p)n/N)N = (1 – p)n 

So simply dividing the blocks does not help. 

c. Suppose the propagation delay is negligible, explain how Stop-and-Wait ARQ can help deliver the file in 
error-free form.  On the average how long does it take to deliver the file if the ARQ transmits the entire file 
each time? 

Refer to the following figure for the discussion. 

tf tACK

ACK/NAK

 

We assume the following: 

• t0 = basic time to send a frame and receive the ACK/NAK ≈ ttimeout 
• ttotal = total transmission time until success 
• nf = number of bits/frame 
• na = number of bits per ACK 
• nt = number of transmissions 
• Pf = probability of frame transmission error  

 
t0 = tf + tACK = nf /R + na /R      (tprop ≈ 0). 
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Here, nf = n >> na thus t0 ≈ tf = n/R ; and Pf = 1 – P[ no error] = 1 – e–np 

E[total] = n/R (1 – Pf) = n/[Re–np] = 8 / (3.35 x 10–4) = 23,847 seconds = 6.62 hours! 

The file gets through, but only after many retransmissions.   

d. Now consider breaking up the file into N blocks.  (Neglect the overhead for the header and CRC bits.)  On 
the average how long does it take to deliver the file if the ARQ transmits the blocks one at a time?  
Evaluate your answer for N = 80, 800, and 8000. 

For 1 block Pf = 1 – Pb = 1 – (1 – p)n/N and nf = n/N 

if tprop ≈ 0 and na << n/N : t0b = nf/R = n/NR  
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Tb = E[ttotal
b] = t0b / (1 – Pf) = n(1 – p)–n/N /NR   average time to transmit one block 

T = E[ttotal] = N Tb = n(1 – p)–n/N /R = 8 (1 – p) –n/N = 8 enp/N  if n/N >> 1, p << 1 

• N = 80     ⇒  T ≈ 8 e0.1 = 8.84 sec 
• N = 800   ⇒  T ≈ 8 e0.01 = 8.08 sec 
• N = 8000 ⇒  T ≈ 8 e0.001 = 8.008 sec 
 
Each subblock has a higher probability of arriving without errors, and so requires fewer 
retransmissions to deliver error free.  The overall delay is reduced dramatically. 

 
e. Explain qualitatively what happens to the answer in part (d) when the overhead is taken into account. 

As N increases, the effect of overhead becomes more significant because the headers constitute a 
bigger fraction of each subblock. 

16.  Consider the state transition diagram for Stop-and-Wait ARQ in Figure 5.12.  Let Pf  be the probability of frame 
error in going from station A to station B and let Pa  be probability of ACK error in going from B to A.  Suppose 
that information frames are two units long, ACK frames are one unit long, and propagation and processing delays 
are negligible.  What is the average time that it takes to go from state (0,0) to state (0,1)?  What is the average time 
that it then takes to go from state (0,1) to state (1,1)?  What is the throughput of the system in information 
frames/second? 

Solution: 

We know that Pf is the probability of frame error and Pa is the probability of ACK error.  We assume 
that: 

• X is the random variable that represents the number of trials before a successful transmission of 
a frame. Each unsuccessful trial requires a timeout for retransmission. We assume that the 
timeout time is set to be equal to  frame transmission time plus ACK transmission time. 

• Y is the random variable that represents the number of trials before a successful transmission of 
an ACK. An ACK error will require a new successful retransmission of the frame for next ACK 
transmission.  An ACK is not sent until a new retransmitted frame arrives at the receiver. 

• X and Y follow a geometric random-variable distribution. 
 

T1 = Average time to go from (0,0) to (0,1) = (Tf + Ta) E(X) + Tf 
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T2 = Average time to go from (0,1) to (1,1) = T1E(Y) +Ta 
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Throughput = Frame Time / Expected Total Transmission Time = 2 / (T1 + T2) 

Pf Pa T1 T2 Throughput 
0.2 0.1 2.75 1.3055 0.4931 
0.02 0.01 2.06 1.0208 0.6492 
0.002 0.001 2.006 1.0020 0.6649 
0 0 2.0000 1.0000 0.6667 
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18: 

Message Size    65536 bytes 
Max Packet Size     2048 bytes 
Packet Header         32 bytes 
Available for info     2016 bytes 
# of packets needed   32.51 packets 
 Total           33 packets 
 
bit error rate     1E-06 
bits/packet      16384 
Probability of error in packet  0.016251 1 –  (1– bit_error_rate) ^ (bits/packet) 
Propagation speed    2E+05 Km/s 
Distance       1000 Km 
Bandwidth        1.5 Mb/s 
 
We assume that the ACK error, the ACK time, and processing time are negligible.  
 
Tprop = distance / propagation speed = 0.0050 s 
Tf = packet size / bandwidth = 0.0109 s 
T0 =  Tprop + Tf  = 0.0159 s 
Pf =  probability of error in packet = 0.016251 
 
E[Ttotal]= T0/ (1 - Pf) = 0.0162 

There is pipelining effect that occurs as follows:  After the first packet arrives at switch 1, two 
transmissions take place in parallel.  The first packet undergoes stop-and-wait on the second link 
while the second packet undergoes stop-and-wait in the first link.  The packet arriving at the switch 
cannot begin transmission on the next link until the previous packet has been delivered, so there is an 
interaction between the transmission times of the two packets.  We will neglect this effect.  The time 
to send every packet over two links is then the initial packet transmission time + 33 additional packet 
timess, and so the average time is E[Ttotal] * 34 = 0.522 seconds. 

19.  Suppose that a Stop-and-Wait ARQ system has a time-out value that is less than the time required to receive an 
acknowledgment.  Sketch the sequence of frame exchanges that transpire between two stations when station A sends 
five frames to station B and no errors occur during transmission. 

Solution: 
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20.  The Trivial File Transfer Protocol (RFC 1350) is an application layer protocol that uses the Stop-and-Wait 
protocol.  To transfer a file from a server to a client, the server breaks the file into blocks of 512 bytes and sends 
these blocks to the client using Stop-and-Wait ARQ.  Find the efficiency in transmitting a 1 MB file over a 10 Mbps 
Ethernet LAN that has a diameter of 300 meters.  Assume the transmissions are error free and that each packet has 
60 bytes of header attached.   
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acknowledgment for frame 0 is lost.  The transmitter can transmit new frames only up to frame WS – 
1.  Depending on which transmissions arrive without error, Rnext will be in the range between 1 and Ws 
while Rnext + WR –1 will be in the range of 1 to WR + WS – 1.  The maximum value of Rnext occurs 
when frames 0 through WS – 1 are received correctly, in which case the value of Rnext is WS and the 
value of Rnext + WR –1 increases to WR + WS – 1.  Crucially, the receiver will not receive frame WR + 
WS until the acknowledgment for frame 0 has been received at the transmitter.  Any receipt of frame 0 
prior to frame WR + WS indicates a duplicate transmission of frame 0.  Therefore, the sum of the 
maximum window sizes is 2m

. 

32.  Suppose that Selective Repeat ARQ is modified so that ACK messages contain a list of the next m frames that it 
expects to receive.    

Solutions follow questions: 

a. How does the protocol need to be modified to accommodate this change? 

First, the frame header needs to be modified to accommodate the list of frames to receive. It can be a 
fixed or a variable number of slots. NAK won’t be necessary because the receiver explicitly indicates 
which frames need to be transmitted.  Second, the transmitter operation must change to retransmit 
frames according to the received list.  If the list contains the m oldest frames that are yet to be 
received, then the list can be used to skip retransmissions of frames that have already been received. 

b. What is the effect of the change on protocol performance? 

The performance will increase in cases with high error rate or in cases where the delay is high. A 
single frame can ask for the retransmission of several frames. The drawback is the overhead in the 
header and the increased protocol complexity relative to pure Selective-Repeat ARQ. 

33.  A telephone modem is used to connect a personal computer to a host computer.  The speed of the modem is 56 
kbps and the one-way propagation delay is 100 ms.   

Solutions follow questions: 

a. Find the efficiency for Stop-and-Wait ARQ if the frame size is 256 bytes; 512 bytes.  Assume a bit error 
rate of 10−4. 

First we have the following: 

Pf = 1 – (1 – 10–4)n
f  

nf = 256 × 8 = 2048  or nf = 512 × 8 = 4096 
tprop = 100 ms 

no = 0 
na = 64 bits 
tproc = 0 

Using the results in Equation 5.4, 
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   = 0.125  (nf  = 2048) 
   = 0.177  (nf = 4096) 
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Sinc vious frames up to N(R) – 1, 
frame A indicates that frame m has not yet been received and frame B indicates that frame m has 
bee ime, contradictory 
information will be sent to the receiver. 

71.   errors.   

e each SREJ frame with value N(R) implicitly acknowledges all pre

n received.  Thus, if two SREJ are allowed to be outstanding at the same t

The following corresponds to an HDLC ABM frame exchange with no

1 2 3 4 5 6 7 8 9

Station B  

Station A

1. BI00  2. AI00  3. xIxx  4. xIxx  5.  xRRxx 

6. xIxx  7.  xIxx  8. xRRxx 9. xRRxx 

gram by completing the labeling of the frame exchanges.  

vent takes place. 

 

a. Complete the dia

b. Write the sequence of state variables at the two stations as each e

71

  

BI00 BI1

BI22 AI22 BRR3AI00 AI11

2

BRR2

ARR3

NA(R) = 0 NA(R) = 1 NA(R) = 2 NA(R) = 3

N (R) = 3NB(R) = 0NB(R) = 1 NB(R) = 2 B

72.  Assume station B is awaiting frame 2 from station A. 

1 2 3 4 5

A

Timeout expires

Station 

Station B  

1.  BI23  2. xRRxP 3. xRRxy 4. xIxx  5.  xRRx 

a. Complete the diagram in HDLC ABM by completing the labeling of the frame exchanges. 

b. Write the sequence of state variables at the two stations as each event takes place. 
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