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11.9 

Flow Control 
Error Control 
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11.13 

Figure 11.5  Taxonomy of protocols discussed in this chapter 

11.14 

Simplest Protocol 
Stop-and-Wait Protocol 
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11.15 

Figure 11.6  The design of the simplest protocol with no flow or error control 

11.16 

Algorithm 11.1  Sender-site algorithm for the simplest protocol 
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11.17 

Algorithm 11.2  Receiver-site algorithm for the simplest protocol 

11.19 

Figure 11.7  Flow diagram for Example 11.1 



4/29/10 

5 

11.20 

Figure 11.8  Design of Stop-and-Wait Protocol 

11.21 

Algorithm 11.3  Sender-site algorithm for Stop-and-Wait Protocol 
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11.22 

Algorithm 11.4  Receiver-site algorithm for Stop-and-Wait Protocol 

11.24 

Figure 11.9  Flow diagram for Example 11.2 
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11.25 

Stop-and-Wait Automatic Repeat Request 
Go-Back-N Automatic Repeat Request 
Selective Repeat Automatic Repeat Request 

11.26 

Error correction in Stop-and-Wait ARQ is 
done by keeping a copy of the sent 

frame and retransmitting of the frame 
when the timer expires. 

Note 
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11.27 

In Stop-and-Wait ARQ, we use sequence 
numbers to number the frames. 

The sequence numbers are based on 
modulo-2 arithmetic. 

Note 

11.28 

In Stop-and-Wait ARQ, the 
acknowledgment number always 

announces in modulo-2 arithmetic the 
sequence number of the next frame 

expected. 

Note 
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11.29 

Figure 11.10  Design of the Stop-and-Wait ARQ Protocol 

11.30 

Algorithm 11.5  Sender-site algorithm for Stop-and-Wait ARQ 

(continued) 
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11.31 

Algorithm 11.5  Sender-site algorithm for Stop-and-Wait ARQ (continued) 

11.32 

Algorithm 11.6  Receiver-site algorithm for Stop-and-Wait ARQ Protocol 
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11.34 

Figure 11.11  Flow diagram for Example 11.3 

11.35 

Assume that, in a Stop-and-Wait ARQ system, the 
bandwidth of the line is 1 Mbps, and 1 bit takes 20 ms to 
make a round trip. What is the bandwidth-delay product? 
If the system data frames are 1000 bits in length, what is 
the utilization percentage of the link? 

Solution 
The bandwidth-delay product is	


Example 11.4 
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11.36 

The system can send 20,000 bits during the time it takes 
for the data to go from the sender to the receiver and then 
back again. However, the system sends only 1000 bits. We 
can say that the link utilization is only 1000/20,000, or 5 
percent. For this reason, for a link with a high bandwidth 
or long delay, the use of Stop-and-Wait ARQ wastes the 
capacity of the link. 

Example 11.4 (continued) 

11.37 

What is the utilization percentage of the link in 
Example 11.4 if we have a protocol that can send up to 
15 frames before stopping and worrying about the 
acknowledgments? 

Solution 
The  bandwidth-delay  product  is  still  20,000  bits.  The 
system can send up to 15 frames or 15,000 bits during a 
round trip. This means the utilization is 15,000/20,000, or 
75 percent. Of course, if there are damaged frames, the 
utilization percentage is much less because frames have 
to be resent.	


Example 11.5 
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11.38 

In the Go-Back-N Protocol, the sequence 
numbers are modulo 2m, 

where m is the size of the sequence 
number field in bits. 

Note 

11.39 

Figure 11.12  Send window for Go-Back-N ARQ 
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11.42 

Figure 11.13  Receive window for Go-Back-N ARQ 

11.44 

Figure 11.14  Design of Go-Back-N ARQ 
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11.45 

Figure 11.15  Window size for Go-Back-N ARQ 

11.46 

In Go-Back-N ARQ, the size of the send 
window must be less than 2m; 

the size of the receiver window  
is always 1. 

Note 
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11.47 

Algorithm 11.7  Go-Back-N sender algorithm 

(continued) 

11.48 

Algorithm 11.7  Go-Back-N sender algorithm  (continued) 
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11.49 

Algorithm 11.8  Go-Back-N receiver algorithm 

11.51 

Figure 11.16  Flow diagram for Example 11.6 
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11.54 

Figure 11.17  Flow diagram for Example 11.7 

11.55 

Stop-and-Wait ARQ is a special case of 
Go-Back-N ARQ in which the size of the 

send window is 1. 

Note 
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11.56 

Figure 11.18  Send window for Selective Repeat ARQ 

11.57 

Figure 11.19  Receive window for Selective Repeat ARQ 
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11.58 

Figure 11.20  Design of Selective Repeat ARQ 

11.59 

Figure 11.21  Selective Repeat ARQ, window size 
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11.60 

In Selective Repeat ARQ, the size of the 
sender and receiver window 

must be at most one-half of 2m. 

Note 

11.61 

Algorithm 11.9  Sender-site Selective Repeat algorithm 

(continued) 
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11.62 

Algorithm 11.9  Sender-site Selective Repeat algorithm (continued) 

(continued) 

11.63 

Algorithm 11.9  Sender-site Selective Repeat algorithm (continued) 
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11.64 

Algorithm 11.10  Receiver-site Selective Repeat algorithm 

11.65 

Algorithm 11.10  Receiver-site Selective Repeat algorithm 
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11.66 

Figure 11.22  Delivery of data in Selective Repeat ARQ 

11.71 

Figure 11.23  Flow diagram for Example 11.8 
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11.72 

Figure 11.24  Design of piggybacking in Go-Back-N ARQ 


