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12.  Can the Digital Sense Multiple Access protocol, which is used by CDPD, also be used on the digital carrier of 
GSM?  If yes, explain how. 

Solution: 

Digital Sense Multiple Access would require redesign of the GSM frame structure.  In the downlink 
transmission broadcast from the base station, a version of the flag word would need to be inserted to 
indicate whether the medium is busy.  Furthermore since the frame structure in GSM effectively 
divides the frame into 8 channels, a separate Digital Sense Multiple Access protocol would need to 
be in operation for each channel.  This in turn would require the presence of a flag word per channel 
in the downlink frames. 

13.  M terminals are attached by a dedicated pair of lines to a hub in a star topology.   The distance from each 
terminal to the hub is d meters, the speed of the transmission lines is R bits/second, all frames are of length 12500 
bytes, and the signal propagates on the line at a speed of 2.5 (108) meters/second.  For the four combinations of the 
following parameters  {d = 25 meters or d = 2500 meters; R = 10 Mbps or R = 10 Gbps}, compare the maximum 
network throughput achievable when the hub is implementing:  Slotted ALOHA; CSMA/CD.  

Solution: 

L = 12500 x 8 bits, tprop = d / (2.5 x 108 meters/sec),  a = tprop R/L  
 
 Values for a: 
 
 R/d  

 2x25 2x2500
1.00E+07 2E-05 2E-03
1.00E+10 2E-02 2E+00

 
 Maximum Throughput for Slotted ALOHA: 
 
 R/d  

 2x25 2x2500
1.00E+07 0.367879 0.367879
1.00E+10 0.367879 0.367879

 
Maximum throughput for CSMA-CD: 
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R/d  
 2x25 2x2500

1.00E+07 0.999872 0.98736
1.00E+10 0.886525 0.07246

 

14.  Consider the star-topology network in problem 6.13 when the token-ring protocol is used for medium access 
control. Assume single-frame operation, eight-bit latency at each station, M = 125 stations.   Assume a free token is 
three bytes long.   

Solutions follow questions: 

M = 125 
b = 8 bits 
Ltoken = 3 bytes 
Lframe = 12,500 bytes 
v = 2.5 × 108 m/sec 

 
a. Find the effective frame transmission time for the four combinations of d and R. 
 
The distance from each terminal to the hub is d meters, so the total distance around the ring is then 
M2d.  Assuming single frame transmission token reinsertion, then 

Xeff  = token transmission time + frame transmission time + ring latency 
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b. Assume that each station can transmit up to a maximum of k frames/token.  Find the maximum network 
throughput for the four cases of d and R. 

 
The maximum throughput occurs when all stations transmit k frames per token.  After completing the 
transmission of k frames, each station waits one ring latency time and then transmits a free token into 
the ring. 
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dM 2τ is the amount time spent in passing the token around the ring. 

Calculation: 

i. d = 25 m, R = 10 Mbps 

τ = 0.125 ms, Xframe = 10 ms, Xtoken = 2.4µsec,   
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When 80% of the traffic is local, the switch will only forward 20% of frames to other collision domains, 
thus increasing the bandwidth available on those domains.  If 80% of the traffic is to other collision 
domains, then the switch forward more traffic to other domains.  If there is only one other domain, 
then the switch forwards almost as much traffic as a hub would and is thus ineffective in containing 
broadcast traffic.  On the other hand, if the switch has multiple broadcast domains, then the amount 
of traffic forwarded from the switch will be less than that forwarded by a hub.     

37.  Calculate the parameter a and the maximum throughput for a Gigabit Ethernet hub with stations at a 100-meter 
distance and average frame size of 512 bytes; 1500 bytes; and 64,000 bytes.  

d = 100 
Tprop = 0.0000005 
R = 1.00E+09 
 

 512 1500 64000
a 0.12207 0.041667 0.000977

Throughput 0.56 0.788525 0.993754
 

38.  Provide a brief explanation for each of the following questions:  

a. Under a light load, which LAN has a smaller delay: Ethernet or token ring? 
 

Ethernet has smaller delay under a light load. In Ethernet under a light load, there is little or no 
contention for the channel, the delay incurred is close to the frame transmission time. In token ring, 
however, there is always the additional delay incurred from circulating the token around the ring. 

b. Under a high load, which LAN has a smaller delay: Ethernet or token ring? 
 

Token ring has smaller delay under a high load. In Ethernet there is more contention for the channel, 
much of the time is spent in collision and backoff, so on average the frames experience longer delay 
and higher delay variability. In comparison, token ring provides each station with an orderly and 
round-robin access to the channel by passing the token around. When the number of frames 
transmitted per token is limited, and frames are kept at a fixed length, token ring can guarantee a 
maximum delay for each station. 

 
39.  Suppose that a token-ring LAN is used to meet the requirements of the office in problem 6.29  

a. Calculate the ring latency if all carrels are to be connected in a single ring as shown in Figure 6.58.  Repeat 
for a ring for a single row of carrels. 

 
M = 64 
b = 2.5 
d = 2816 m 
 
τ’ = (d/v) + M(b/R) = (2816/2x108) + 64(2.5/R) = 14 x 10-6 + (160/R) 
If R = 16 Mbps 
τ’ = 14x10-6 + (160/32 x 106) = 14 x 10-6 + 5 x 10-6 = 24 x 10-6 = 24 µsec 

If R = 32 Mbps 
τ’ = 14x10-6 + (160/32 x 106) = 14 x 10-6 + 5 x 10-6 = 19 x 10-6 = 19 µsec 

M = 8 
b = 2.5 
d = 408 m 
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Solution: 

Station Port  Station Port 
S2 1  S2 1 
S5 2  S5 2 
S3 2  S3 1 
S1 1  S1 1 

   S6 2 
 

53.  Suppose N stations are connected to an extended Ethernet LAN, as shown below, operating at the rate of 10 
Mbps. Assume that the efficiency of each Ethernet is 80 percent. Also assume that each station transmits frames at 
the average rate of R bps, and each frame is equally likely to be destined to any station (including to itself). What is 
the maximum number of stations, N, that can be supported if R is equal to 100 kbps? If the bridge is replaced with a 
repeater, what is the maximum number of stations that can be supported? (Assume that the efficiency of the entire 
Ethernet is still 80 percent.) 

Bridge

1 2 N/2 N/2+1 N

Solution: 

10 Mbps LAN 
R = 100 kbps 
efficiency = 0.80 
 
Bridge: 

Each station is equally likely to transmit to any other stations in the extended LAN. Then R/2 traffic is 
local. 

160      8.0
10

 )
2
1( 100

≤≤ N
Mbps

Nkbps
 

Repeater: 

80      8.0
10

 100
≤≤ N

Mbps
Nkbps
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