














































Results obtained by the SEER system simulating the transmission of one thousand messages on 

this network at various error rates are shown in Figures 3 and 4 below (the full numeric results 

appear in Appendix B) 
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Figure 3 -Mean delays of routing strategies at various error rates 
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Figure 4 -Standard deviations of routing strategies at various error rates 
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Considering the lowererror rates first, it is obvious that shonest-path outperforms minimum-hop . 

(In this network not all least mean delay paths are also least intermediary paths, obviously if this 

were the case the two strategies would perform equally well.) Flooding is significantly better 

than shonest- path, having a mean delay of only about 75% that of shonest- path ,  and a standard 

deviation of delay of about 70% that of shonest path, for the 0.05 error rate . At this low error 

rate the gains achieved by flooding can probably be attributed to its finding shoner delay paths 

for particular sends than achieved by using paths with the shonest mean delays. 

Now what is most interesting is how robust the flood routing is in the face of higher error rate s .  

At the 0.2 error rate we see that flood now has a mean delay of around 69% of that of shonest-path 

routing, and a standard deviation of only about 60% of that of shonest-path routing. This relative 

gain increases as higher error rates are encountered, as can be seen in Figures 5 and 6 below.  
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Figure 5 - Flood mean delay as a percentage 
of minimum-hop mean delay. 
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Figure 6 - Flood mean delay as a percentage 
of shonest-path mean delay. 

This evidence that flood routing becomes relatively more attractive the noisier a channel gets 

can be attributed to the fact that in shonest-path or minimum-hop routing a failed attempt to 

send will generally result in considerable delay, while in flooding the failure will not have a 

great effect on delay if the link can be 'bypassed' by an alternate route taking the same time, or 

only a little more. 
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This ' bypass potential ' also has considerable effect on the standard deviation of delay, as can 

be seen from the results . This is especially important to situations where 'worst-case behaviour' 

of a sporadic network is an important concern, such as would be the case in military networks. 

The second network tested was a fully connected 50-station network, with each link being 

assigned a mean delay of 12 seconds and a delay standard deviation of 7 seconds. The simulation 

was run on 200 messages for a total of 400 messages and acknowledgements being sent. 

Error rate = 0.05 
Routin� strate� 
Minimum-Hop 
Shortest-Path 
Flooding 

Mean Delay 
24.95 
25 . 6 1  
3 .47 

Delay Std Deviation 
1 1 .63 
10.63 
1 .26 

Shortest-path routing and minimum-hop routing are equivalent in this case, with both strategies · 

utilising the direct links between sources and destinations (the minor difference in results being 

due to the random factors in the computation) . 

Flood routing gives remarkably better results than the other strategies on this network, with less 

than 14% of the mean delay and les s  than 12% of the standard deviation encountered with the 

other strategies .  The mean delay does seem exceptionally low at first glance, however on 

considering the topology of the network it becomes obvious that such a result should be expected. 

The range in which generated delays can fall is from zero seconds to a fraction over 24 seconds. 

This means that we would only expect the delay on the direct link between source and destination 

to be ' low' (say two seconds or less) about 1 '12 of the time. Two-link paths will have delays in 

the range zero seconds to 48 seconds , and would thus have delays of two seconds or less about 
1124 of the time. However, there are 48 two-link paths in this fully-connected 50-node network, 

so we would expect two of these (48 * 1124) to have such delays .  Thus without even considering 

the other potential paths (3-link, 4-link, etcetera) , it is clear that such low delays for flood routing 

in a highly-connected topology are not only possible but should in fact be expected. 
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A note on speed 

Clearly the most time-consuming section of ccxie in the SEER system is that dealing with the 

generate-and-test involved in the flooding simulation. The performance of the algorithm used 

shall be briefly discussed. 

The algorithm has a bes t  case scenario occurring when there is a direct link between source and 

sink, and this link has the least delay amongst all the links emanating from the source .  Here the 

algorithm will detect the oprimal flood path after inspecting only the links connecting the source 

to its neighbours, which gives a gain over exhaustive search equal to Es/En, where Es i s  the 

out-degree of the source, and En is the number of edges on all source- sink paths .  

The worst-case scenario would occur in the unlikely situation where all paths between source 

and sink are node-disjoint (no common intermediaries would prevent any pruning by dominance) 

and all path delays from source to the station immediately preceding the sink are greater than 

the shortest complete path from source to sink. This latter condition means that no partial path 

could be discarded until its entire delay was computed. In this worst-case scenario the search 

algorithm would give no gain whatsoever-over exhaustive search. 

Determining an average case would be a particularly difficult exercise, if indeed it is possible 

to do so. Clearly the topology of the network and the pattern of delays on links between source 

and s ink (do ' bad' paths become distinctly bad early?) would have to be considered in any such 

determination. However the algorithm presented here has constrained the problem well for the 

networks tested - for 400 floods on the fully-connected 50-station network discussed the 

simulation ran to completion in under an hour, while the simulations on the smaller network 

were handled in seconds . This on a 286 PC/AT clone. 
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Flooding and Content ion 

Queing contention arises when a station has a number of messages to send, and the order in 

which they are sent will affect the delay associated with their transmission. Such  contention can 

arise under any of the routing strategies - one needs only consider the hub of a star topology 

network to see this . However it is clear that the flood mechanism will be most prone to create 

such contention, and so we will consider only this case in determining at what point such 

contention would degrade network performance. 

An important point as regards sporadic networks is that queing contention is only significant if 

the time period that the link is enabled between some transmitter T and receiver R is too short 

to allow al l  messages T has for R to be sent. (Given the earlier assumption that the delay between 

link availability is our only significant delay, it follows that there . . i s  no s ignificant delay between 

a message transmitted immediately the link becomes �iable, and one transmitted immediate ly 

before it is no longer viable.) In the worst case scenario of flooding, T would have a copy of 

every message in the network waiting to be sent to R when the link becomes enabled, and so 

contention would arise if the link was not enabled for a sufficient time to allow all these messages 

to be sent. 

From this ,  we can see that a number of factors affect whether contention arises in a sporadic 

network or not, (and how severely it becomes a problem). Firstly, the amount of data in the 

network as a whole is a concern. The n�twork can avoid contention if it is loaded to any level 

up to any point where the thrpughput possible on a link is greater than or equal to the amount 

of data being transmitted in the network. As loading becomes heavier than this so contention 

could arise, and the greater the loading the higher the risk, and the more severe the effect, of 

queing contention. 

Conversely, the greater the throughput potential of enabled links, (the amount of time they 're 

enabled for, times the data-rate they can support), the higher the loading that can be achieved 

before contention arises. 
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Finally, of course, the topology of the network and the pattern of l ink availability will determine 

how severely loaded individual stations become. (ie. how bad our worst-case for a particular 

network can get . )  

As an example, in the case of Meteor-Burst Communications, a usable trail would be roughly 

250 ms, and could suppon a data rate of about 32 kbps. This means that an enabled l ink would 

be capable of sending around 8 kilobits of data. For application networks with an average 
J 

message length of 40 bytes or so this would be about 25 messages. Thus the network could be 

at risk of queing contention if more than 25 messages were 'in transit ' at any given time. 

Determining the probability of such contention actually occurring when the network is loaded 

beyond this 'safe '  level, and to what degree it would affect the efficiency of routing strategies ,  

is a subject that needs funher work. 

Concl us ion 

The design of the SEER system, in particu1ar in terms of its handling of the problem of sporadic 

link availability and the branch-and-bound algorithm used to simulate flooding, has al lowed for 

effective modelling and fast simulation of routing in a sporadic network environment. 

Flood routing has clearly yielded significantly better results for sporadic networks than the other 

two alternates considered, particularly in terms of both lower mean delay in the network as well 

as far lower standard deviation of delay. It becomes even more attractive in situations where 

transmission error rates are high. 

Shonest-path routing will have significant benefits over minimum-hop routing in some net­

works, but will obviously be equivalent in networks where the minimum-hop route and the 

shortest-path route are the same. 
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There are of course other factors to be considered in contrasting the routing strategies - overheads 

such as the construction of routing tables,  queing contention, problems such as buffer overflow 

and so on. However it does seem that the particular nature of sporadic networks will still make 

flood routing the most effective routing strategy for these networks. 

Further work is required in two areas . The effect of queing contention on delays experienced, 

as has been discussed, requires more study. In addition, a study of the effects of network 

topologies on routing efficiency would be of great interest. It is clear from the results that a high 

degree of connectivity will greatly increase the relative efficiency of flood routing over the two 

other strategies considered. A generalised formulation of the decrease in delay as a function of 

the increase in connectivity would be of great use to network designers, as would be the 

investigation of routing performance over a wider range of basic network topologies .  (S tars and 

linked-stars, hierarchical networks , and so on.) 
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Appendix A - Statistical Derivation 
Having a mean µ and a standard deviation a of delay associated with each 

link, the simulator required that random numbers be generated over an 

interval in such a way as to ensure that the numbers generated had the 

same mean and standard deviation as were associated with the link. The 

derivation of this interval is described here. 

Now a random distribution over an interval will have the same mean and 

standard deviation as a uniform distribution, given that we have an infinite 

number of samples. Clearly then the centre of the interval must be the 

mean associated with the link, and we seek to determine k such that an 
infinite number of random numbers generated in the range (µ - k a, µ + k cr) 

will have a mean equal to µ and a standard deviation of O'. As we have a 

uniform distribution, we may consider the equivalent range of (0, 2 k cr) and 

a corresponding mean of k O'. 

We now use a discrete uniform distribution with n+ 1 points to derive k, and 

then determine the result as n tends to infinity. We shall work with 

variance rather than standard deviation for ease of computation. 

The n + 1 points occurring uniformly across the range O to 2 k a are 

,. n 2 k cr  
Their mean, k a, can be written as 2 . n giving us the following 

formula for their variance 

n!1 L(�(i-;>)J 
i=O 
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= n!1 L(4:�(<i2 - ni + 1t>)) 
i=O 

1 4k2a2 n2 � (�, . . n2 

)) = 
n+ l n2 4 + -'-' 1).2 

\<12 - m + 4) 

i= l 

_ _ l_ ( k2 2 4k2a2fn(n+1 )(2n+ l)  n(n+ l)  n3
J) - n+l O + � 6 - n 2 + 4 

_ _ 1_ ( k2 2 
4�. 4n3 + 6n2 + 2n 6n3 + 6n2 3n3

J) - n+ l O + 2 12 - 12 + 12 . n 

_ _  1 ( k2 2 4k2a2fn3 + 2nJ) - n+l O + � 12 

Let this equation equal a2 

so lim k2 = 3 
n� 

k2 (_L [n2 + 3n + 2]) = 1 � n+ l . 3n 
k2 (

_L [(n+ l)(n+2)]) = 1 � n+l 3n 
k2 (n+2) 

- 1 � 3n -
k2 _  3n _ (�) � - (n+2) - 3 n+2 
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Appendix 8 - Numerical Resu lts of Rout ing Simu lat ion 

Error rate = 0.05 
Routine strateey 
Minimum-Hop 
Shortest-Path 
Flooding 

Error rate =  0.1 

Routine srrareey 
Minimum-Hop 
Shortest-Path 
Flooding 

Error rate = 0.2 
Routine strateey 
Minimum-Hop 
Shortest-Path 
Flooding 

Error rate = 0.5 
Routine strateey 
Minimum-Hop 
Shortest-Path 
Flooding 

Error rate = 0.8 
Routine stratee_v 
Minimum-Hop 
Shortest-Path 
Flooding 

Mean Delay 
75 .82 
63.98 
50.30 

Mean Delay 
76. 1 1  
64.49 
5 1 .50 

Mean Delay 
99. 83 
8 1 .79 
59 .22 

Mean Delay 
1 34.05 
1 25 .78  
74.58  

Mean Delay 
344.23 
256.63 
144.72 

Delay Std Deviation 
56.74 
43. 1 1  
34.56 

Delay Std Deviation 
57. 12  
49.38 
34.70 

Delay 'Std Deviation 
69.53 
62. 80 
34. 85 

Delay Std Deviation 
1 2 1 .94 
1 1 2.09 
54. 87 

Delay Std Deviation 
323.26 
2 19.20 
1 24.99 
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