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 7.19

Line 2: 384 kbps 

Central 
site 

Site 

Line 1: α, 64 kbps 

λT 

(a) Find the value of α that minimizes the total average delay. 

E[L] = 8000 bits 

λ1 = αλT , λ2 = (1 – α) λT 

E[X1] = 8000 bits / 64 kbps = 0.125 sec 

E[X2] = 8000 bits /384 kbps = 0.02083 sec 

E[DT] = E[D1] α + E[D2] (1 – α), α < 1 
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Before doing the math to find the minimum in the above expression, it is worthwhile to consider a 
couple of extreme cases.  The maximum capacity available to transfer packets across the combined 
links is 56 packets per second, 8 p/s across the first link and 48 p/s across the second link.  Clearly 
when the arrival rate approaches capacity, we will send traffic across the two links.  However 
consider the case when the arrival rate is very small.  The delay across the first link is 1/8 and the 
delay across the second link is 1/48.  Clearly at low traffic we want to send all the traffic on the fast 
link.  As we increase the arrival rate, we eventually reach a point where it is worthwhile to route some 
packets along the slow link.  Thus we expect α to be zero for some range of arrival rates, and then 
become nonzero after a specific value of arrival rate is reached. 

Now take derivatives to find the minimum: 

Let A be the first term in the delay expression and let B be the second term. 
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Similarly, we have 
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To find the α that minimizes the delay, we set 0=+
αα d

dB
d
dA .  We then obtain: 
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Thus we see that α must be zero for arrival rates less that 28.4. 

 

(b) Compare the average delay in part (a) to the average delay in a single multiplexer that combines 
the two transmission lines into a single transmission line. 

With a single transmission line the link speed will be 64 + 384 = 448 kbps.  Therefore, 

 E[X] = 8000 bits / 448 kbps = 0.0179 sec 
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The average delay in the single multiplexer is smaller than the average delay in the system served by 
two servers.  This reduction is due to the fact that some of the capacity in the two-server system can 
be idle when there is only one packet in the system, whereas the single multiplexer system is always 
working at full rate. 
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links will change the traffic on each link and hence the delays!  In this case, not only does the current 
link delay need to be considered, but also the derivative of the delay with respect to traffic level.   

The maximum available bandwidth criterion tries to route traffic along pipes with the highest “cross-
section” to the destination.  This approach tends to spread traffic across the various links in the 
network.  This approach is inefficient relative to minimum hop routing in that it may use longer paths. 

At very low traffic loads, the delay across the network is the sum of the transmission times and the 
propagation delays.  If all links are about the same length and bit rate, then minimum hop routing and 
minimum delay routing will give the same performance.  If links vary widely in length, then minimum 
hop routing may not give the same performance as minimum delay routing. 

Minimum hop routing will yield the same paths as maximum available bandwidth routing if links are 
loaded to about the same levels so that the available bandwidth in links is about the same.  When link 
utilization varies widely, maximum available bandwidth routing will start using longer paths. 

7.27.  Suppose that the virtual circuit identifiers (VCIs) are unique to a switch, not to an input port.  What is 
traded off in this scenario? 

 Solution: 

When the VCIs are unique only within an input port, then the VCI numbers can be reused at all ports 
in the switch.  Thus the number of VCIs that can be supported increases with the number of ports.  In 
addition, VCI allocation is decentralized and can be handled independently by each input port.  When 
the VCIs are unique only to the switch, then the number of VCIs that can be handled is reduced 
drastically.  In addition VCI allocation must now be done centrally.  Thus the per-switch VCI allocation 
approach may only be useful in small switch, small network scenarios. 

7.28. Consider the virtual-circuit packet network in Figure 7.23.  Suppose that node 4 in the network fails.  
Reroute the affected virtual circuits and show the new set of routing tables. 

 Solution: 

When node 4 fails, all the affected connections need to be re-routed.  In the example, the VC from A 
to D needs to be rerouted.  One possible new route is A-1-2-5-D. The routing tables at nodes 1, 2, 
and 5 need to be modified. The VC from C to B also needs to be rerouted.  A possible new route is C-
2-5-6-D.  The routing tables in 2, 5, and 6 need to be modified.  The routing tables in node 3 have to 
be modified to remove the connections that no longer traverse it. 

Incoming       Outgoing
Node  VCI     Node  VCI

A      1           3       2
A      5           2      1
3       2           A      1
2       1           A      5

Incoming       Outgoing
Node  VCI     Node  VCI

1       2           6       7

6       7           1       2

Incoming       Outgoing
Node  VCI     Node  VCI

3       7           B      8
3       1           B      5
B      5            3      1
B      8            3      7

Incoming       Outgoing
Node  VCI     Node  VCI

C      6           5       3
4       3           C      6

Incoming       Outgoing
Node  VCI     Node  VCI

Incoming       Outgoing
Node  VCI     Node  VCI

2       2           D      2
D      2           2       2

Node 1

Node 2

Node 3

Node 4

Node 6

Node 5

1       1           5      2
5       2           1      1

2       3           6       1
6       1           2       3
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Part (b): R = 3r and r = 1/3R.  Therefore a = R and b = 1/3R.  The total maximum flow is 4/3R. 
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7.32. Consider the network in Figure 7.30. 

 Solutions follow questions: 

(a) Use the Bellman-Ford algorithm to find the set of shortest paths from all nodes to destination node 
2. 

 Iteration Node 1 Node 3 Node 4 Node 5 Node 6 
Initial ( -1 , ∞ ) ( -1 , ∞ ) ( -1 , ∞ ) ( -1 , ∞ ) ( -1 , ∞ ) 

1 ( 2 , 3 ) 
( 3 , ∞ ) 
( 4 , ∞ ) 

( 1 , ∞ ) 
( 4 , ∞ ) 
( 6 , ∞ ) 

( 1 , ∞ ) 
( 2 , 1 ) 
( 3 , ∞ ) 
( 5 , ∞ ) 

( 2 , 4 ) 
( 4 , ∞ ) 
( 6 , ∞ ) 

( 3 , ∞ ) 
( 5 , ∞ ) 

2 ( 2 , 3 ) 
( 3 , ∞ ) 
( 4 , 6 ) 

( 1 , 5 ) 
( 4 , 3 ) 
( 6 , ∞ ) 

( 1 , 8 ) 
( 2 , 1 ) 
( 3 , ∞ ) 
( 5 , 7 ) 

( 2 , 4 ) 
( 4 , 4 ) 
( 6 , ∞ ) 

( 3 , ∞ ) 
( 5 , 6 ) 

3 ( 2 , 3 ) 
( 3 , 5 ) 
( 4 , 6 ) 

( 1 , 5 ) 
( 4 , 3 ) 
( 6 , 7 ) 

( 1 , 8 ) 
( 2 , 1 )  
( 3 , 5 ) 
( 5 , 7 ) 

( 2 , 4 ) 
( 4 , 4 ) 
( 6 , 8 ) 

( 3 , 4 ) 
( 5 , 6 ) 

4 ( 2 , 3 ) 
( 3 , 5 ) 
( 4 , 6 ) 

( 1 , 5 ) 
( 4 , 3 ) 
( 6 , 5 ) 

( 1 , 8 ) 
( 2 , 1 ) 
( 3 , 5 ) 
( 5 , 7 ) 

( 2 , 4 ) 
( 4 , 4 ) 
( 6 , 6 ) 

( 3 , 4 ) 
( 5 , 6 ) 

 
The set of paths to destination 2 are shown below: 
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Now continue the algorithm after the link between node 2 and 4 goes down.   
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Iteration Node 1 Node 3 Node 4 Node 5 Node 6 
Before 
break 

( 2 , 3 )  ( 4 , 3 ) ( 2 , 1 ) ( 2 , 4 ) ( 3 , 4 ) 

1 ( 2 , 3 ) 
( 3 , 5 ) 
( 4 , 6 ) 

( 1 , 5 )  
( 4 , 3 ) 
( 6 , 5 ) 

( 1 , 8 ) 
( 3, 5 ) 
( 5 , 7 ) 

( 2 , 4 ) 
( 4 , 4 ) 
( 6 , 6 ) 

( 3 , 4 ) 
( 5 , 6 ) 

2 ( 2 , 3 ) 
( 3 , 5 ) 
( 4 , 10) 

( 1 , 5 ) 
( 4 , 7 ) 
( 6 , 5 ) 

( 1 , 8 ) 
( 3 , 5 ) 
( 5 , 7 ) 

( 2 , 4 ) 
( 4 , 8 ) 
( 6 , 6 ) 

( 3 , 4 ) 
( 5 , 6 ) 

3 ( 2 , 3 ) 
( 3 , 7 ) 

( 4 , 10 ) 

( 1 , 5 ) 
( 4 , 7 ) 
( 6 , 5 ) 

( 1 , 8 ) 
( 3 , 7 ) 
( 5 , 7 ) 

( 2 , 4 ) 
( 4 , 8 ) 
( 6 , 6 ) 

( 3 , 6 ) 
( 5 , 6 ) 

4 ( 2 , 3 ) 
( 3 , 7 ) 

( 4 , 12 ) 

( 1 , 5 ) 
( 4 , 9 ) 
( 6 , 7 ) 

( 1 , 8 ) 
( 3 , 7 ) 
( 5 , 7 ) 

( 2 , 4 ) 
( 4 , 10 ) 
( 6 , 8 ) 

( 3 , 6 ) 
( 5 , 6 ) 

The new set of paths are shown below: 
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7.33. Consider the network in Figure 7.30.   

 Solutions follow questions: 

(a) Use the Dijkstra algorithm to find the set of shortest paths from node 4 to other nodes. 

Iteration N D1 D2 D3 D5 D6 
Initial { 4 } 5 1 2 3 ∞ 

1 { 2, 4 } 4 1 2 3 ∞ 
2 { 2, 3, 4 } 4 1 2 3 3 
3 { 2, 3, 4, 5 } 4 1 2 3 3 
4 { 2, 3, 4, 5, 6 } 4 1 2 3 3 
5 {1, 2, 3, 4, 5, 6} 4 1 2 3 3 
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(b) Find the set of associated routing table entries.   

 
Destination Next Node Cost 

1 2 4 
2 2 1 
3 3 2 
5 5 3 
6 3 3 

 

7.34.   Compare source routing with hop-by-hop routing with respect to (1) packet header overhead, (2) 
routing table size, (3) flexibility in route selection, and (4) QoS support, for both connectionless and 
connection-oriented packet networks. 

Solution: 

Packet header overhead is higher in source routing in both connectionless and connection-
oriented networks because the ID of the nodes across the path is included in the header in 
source routing while in hop-by-hop routing only the destination in connectionless networks or 
the connection number in connection-oriented networks is specified in the header. 

Source routing requires no routing table lookup in intermediate nodes while hop-by-hop 
routing requires a routing table with one entry per destination in connectionless networks or 
one entry per connection in connection-oriented networks.  Source nodes however must have 
sufficient routing information to determine the path across the network, essentially the same 
information required in link state routing. 

Source routing is more flexible because it can consider all possible routes from the source to 
destination while in hop-by-hop routing each node can choose only its neighbors. However, 
hop-by-hop routing can respond more quickly to changes in the network. 

Source routing can incorporate QoS considerations more flexibly as it can consider all 
possibilities in routing, while hop-by-hop routing can incorporate the QoS considerations at 
each hop but not universally. 

7.35.  Suppose that a block of user information that is L bytes long is segmented into multiple cells.  
Assume that each data unit can hold up P bytes of user information, that each cell has a header that is H 
bytes long, and the cells are fixed in length, and padded if necessary.  Define the efficiency as the ratio of 
the L user bytes to the total number of bytes produced by the segmentation process. 

Solutions follow questions: 

(a) Find an expression for the efficiency as a function of L, H, and P.  Use the ceiling function c(x) 
which is defined as the smallest integer larger or equal to x. 
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(b) Plot the efficiency for the following ATM parameters: H = 5, P = 48, and L = 24k for k = 0, 1, 2, 3, 
4, 5, and 6.   
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