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two times (Figure 27). This is not surprising at all, especially when some of the
switch candidate locations are very far from the host. In the Anchoring algorithm,
these locations will be avoided. However, for the Random algorithm, these swiich

candidate locations can still be chosen as the place to put switches.

4.7.6 Algorithm Running Time

Although the Exhaustive algorithm emerge as the winner in Part II, it is not
without its downside. The major problem with this algorithm is its exponential
increase in execution time with the rise in number of hosts in the network. Figure
28 shows the execution time for the Part I algorithms, and 29 shows the execution
time for the Part III algorithms. These are real time not CPU time calculations
and may not be completely accurate indicators of the execution speed since other
processes may be present on the system. However, the results are consistent over
the many runs and the differences in execution time for the different algorithms
are large.

As we can see from Figure 28, for a 20 host case the execution time for the
Exhaustive algorithm goes up to 8606 seconds, which is about 2.3 hours. These
are real time measures and therefore, the differences are consistently significant.
Thus, for large host size, for example 100 hosts, the execution time for the Ex-
haustive algorithm may become too long to be of any use. Nevertheless, since
this method is specifically designed for local area networks, chances are that the
number of hosts in the network will not reach that high.

For the Anchoring algorithm, even though it is also showing an exponential
increase in execution time with the increase of host number, the actual time that
it takes to run is very small (in fractions of a second even for 20 hosts). Hence, we

believe that long running time will not be the problem for larger hosts numbers.

4.7.7 Compatibility of Part II and Part III

Table 4.4 shows the results of some of the runs, before and after applying the
topology location Anchoring algorithm to them.
We can see that in some runs, even though the Random topology improvement
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Random Erhaustive Iveighborhood
Before | After | Before | After | Before [ After
162235 | 123292 | 156210 | 127473 | 160164 | 124131
317830 | 171938 | 315964 | 176189 | 315088 | 176699
174901 | 87669 | 167203 | 97435 | 170006 | 89114
49336 | 30867 | 47636 | 30808 | 48343 | 30825

B Sof doy

Table 4.4: Results of the Three Topology Improvement Algorithms Before and After
Anchoring

algorithm loses in the beginning, after applying the anchoring algorithm, it re-

verses and becomes the winner (Sets 1 to 3). This is an interesting observation, as

we thought that ‘minimizing’ the cost in Parts II and III separately should yield-

good results. However, as we have seen, this is not always true. This implies
that it would be better to combine both Part II and Part III together so that we
can take into account hoth switch locations and switch combinations at the same
time. Another view is that there is no sense using "intelligence” at the topology

improvement stage; just choose something quick.

4.8 Summary

In this chapter, Phase 1I of our Pipe-Based Topology Design Methodology is
presented in detail. The results of the experiments that were run to analyze the

algorithms in Phase 1] are also presented. From the results we can conclude that:

e The Initial Topology algorithm successfully generates a feasible topology

which the Part II topology Improvement algorithms will improve.

e The algorithms proposed in Part II successfully reduces the size of the initial

topology by combining switches.

e The Exhaustive algorithm in overall exhibits the most savings at the Topol-
ogy Improvement Stage, followed by the Neighborhood algorithm, then by
the Random algorithm.
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e However, the Exhaustive algorithm has the longest execution time, followed

by the Neighborhood algorithm, then by the Random algorithm.

o The Anchoring Location algorithm assigns switches to better locations than

the Random Location algorithm in all cases.

o The separation of Part II and Part III will not always give good results. For

future improvements, Part Il and Part {II should be combined.



Chapter 5

Conclusion

5.1 Summary

In this thesis, we have proposed a novel method for building topologies for local
arca ATM petworks (LATM). This method utilizes our concept of ATM pipes as
the fundamental building blocks of the network. In determining the size of these
pipes, we have developed a mathematical method (the Multiclass Heterogeneous
On/Off Sources Fluid-Flow Method, MCFF) by extending on the work of Tucker
[39]. Then, we proposed a 3 part methodology to construct the LATM network.
We also introduced and compared 6 variations of the implementation of this
methodology.

We started with Chapter 1, where we presented a general discussion on topol-
ogy design. Then i Chapter 2, an overview of some techniques on topology {rom
previous literature was given.

In Chapter 3, we presented an overview to our methodology for building a
LATM network. Basically, there are two phase to our method. The first phase
involves determining the pipe sizes required, whereas the second phase concerns
with building the topology based on the calculated pipe sizes. The first phase
of our method, i.e. the MCFF model was presented in detail. To verify the ac-
curacy of the MCFF, results from some simulation runs that we have perfori..cd
was presented. If was found that the MCFF is very accurate, since the values cal-

culated with MCFF lie within the 95% confidence interval of their corresponding

oL
|



simulation runs.

The second phase of our method was presented in Chapter 1. Each of the
proposed algorithms was outlined, and performance of the algorithms are given.
It was found that for topology improvement, the best algorithm is the Exhaustive
algorithm, followed by the Neighborhood algorithm, then the Random algorithm.
For topology location, Anchoring performs better than Random topology location
in all cases. However, overall when Part 3 is applied it may reverse the vesult of
Part 2, and hence may mean that we should not separate the 2 functions. Other
results are, skewness of pipc sizes has little effect on the results, and that the
execution times of the algorithms are sigrificantly different.

Conclusions and future work are then suinmed up in this Chapter.

5.2 Conclusions and Future Work

In this section we conclude our method successfully generates LATM topologies
while satisfying the QOS (specifically, the traffic loss probability) requirements.
One of the advantages of our work is that the method is highly miodular. That is
if a better solution exists for the parts, we can simply substitute the new solution
into that part. Our method is also practical, since pipes can be mplemented
as virtual paths. Another conclusion is that the MCI'I" model is very accurate.
However, improvements can still be done to model other types of traffic as well.
A disadvantage of our method is that since the topology construction phase is
further divided into three separate parts, problems of incompatibility between
the parts may occur. We have seen this with the overall cost of the finished
neiwork. One algorithm at the topology improvement stage may be the best but,
is poorer at the final stage.

Possible future work for this thesis are

o Pipe Calculation Currently, we assume that the traffic in the pipes are fixed
rate. Research can be done, so that other traffic types, such as variable
bit-rate traffic (VBR) such as VBR voice, compress video can be taken into

account. At this point, this traffic would be handled by this model if peak

s
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ratc is applied. Another possible research work is modelling the effects of

cell scale as well as burst scale. MCFF is currently a burst scale model.

Pipe Usage This involves investigating the effects of grouping certain types
of traffic together, or the usage of pipes. In theory, a source can send traffic
to the destination in more than one pipe. By having multiple pipes for a
single source to the destination, essentially that means that a source can
have a choice of different loss rates to send its traffic. Another good item
for investigaiion is the idea of a broadcast pipe. This is in anticipation of

the multicast or broadcast traffic on the network.

Pipe Configuration After a network has been installed, the traffic that runs
on the network changes through time. The pipe configuration that was
initially done at the time of installation may not apply anymore. Rescarch
can be done to see how a new pipe configuration can be derived from the

underlying switched network without changing the physical topology.

Physical Topology Redesigning Research can be carried out in this area to
determine how a new physical topology using ATM pipes can be added on a

existing ATM pipe network with little or no change to the existing topology.



Appendix A

Tucker’s Homogeneous On/Off
Sources Fluid-Flow Model

This appendix presents Tucker’s Fluid-Flow Model for multiplexed homogeneous
On/Off voice sources, on which the model presented in this thesis for the cal-
culation of a multiclass, heterogeneous On/Off sources is extended in Chapter

3.

(N-1) A (Nz)x 2x A
b \
N
(NI) H Nn

Figure 1: The Talker Activilty Model Markov Chain

The Fluid-Flow Model is based on a Markov Chain, as shown in figure 1, ‘This
Markov Chain is also known as the Talker Activity Model.

The state of the Markov Chain, is represented by the number in the circle
denotes the the number of On/Off sources in the On state out of a total of
N sources. Each source is a voice source that alternates between an identical
exponentially distributed On period (talkspurt), where voice data is generated

and an exponentially distributed Off period, where no voice data is produced
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(silence). These On/Off periods has a mean of

1/p = mean talkspurt length

1/A = mean silence length

With the exponentially distributed On/Off periods, the birth and death rates
for the Talker Activity Model are then

pli,e+1) = (N—ON2#N
pli,t—1) = 2p,15#0
where p(7, 7) denotes the transition rate from state i, where 7 sources are in their

On periods, and to state 7, where j sources are on. The total flow-rate out of

state 7 is then
p)=pl,i+1)+pli,i—1)=(N-1)A+p
The multiplexed data produced by these N voice sources, after being fed into
a FIFO buffer, are then transmitted on to a link with capacity ¢ units. Since

Tucker assumes that each voice source generates voice data at a capacity of 1

unit, the contents in the buffer can be observed as follows:

1. If the number of On sources 7 is less than ¢ (i < ¢), the queue decreases
steadily at a rate of (¢ — 7). If the queue becomes empty, it will remain

empty.

o

If (z > ¢), the queue increases steadily at a rate of (i ~ ¢). If the queue

reaches its limit, it will stay on its limit.
3. If (+ = ¢), the queue length does not change.

Let Pi(t,x),0 <i < N,0 <t,0 <o < m be the probability that ¢ sources are
on at time ¢, and the queue length in the buffer is < x, and that the queue limit
is m. Then

P(t+ At z) = P{t,e—(i—-c)Ot}p(i —1,7)At
+Pi{t,r — (i —c)At}p(i + 1,1) 0t
+P{t,a — (i — c)At}(1 — p (1) At) + o(t) (A.1)
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Dividing both sides by At and taking At — 0, with a little manipulation equation
(A.1) becomes

8P(t,2)/6t + (i — c)P(t,z) /62 = pli — 1, 1) Py (1, 2)
+p(i + 1,9)Piys(t,2) — p" () Pi(t, ), 0 <2 <m. (A.2)

If we let Fi(z) 2 the equilibrium probability (lim,_., (¢, x),6F;/6t = 0) there

are ¢ on sources and the queue length < z, equation (A.2) can be rewritten as

(i —c)dF;/dz = p(i — 1,))Fi_y(2) + p(i + 1,2) Fiy1 ()

—p* (D) Fi(z), 0<ax <m. (A.3)
Or in matrix form
DdF(z)/dr = MF(z),0 <2 <m (A1)
where
. _
1—c¢
D = 2 — C
| W
and
[ —p(0) p(1,0) ]
p(0,1) —-p (1) p(2,1)
1,2) —P=(2 3,2
M — p(1,2) (2) P(. )

PIN =2,N —1) —p=(N —1) p(N,N —1)

p(N —-1,N) —p*x(N)

Hence, there are (/N +1) state equations to be solved, assuming ¢ is not an integer.
If z, be an eigenvalue of D™1M and ¢, be its corresponding right cigenvector.

The solution to (A.4) becomes

AI.
F(z) = Zexp(z,n:)a,¢,, D<oz <m (A.5)
=0
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By setting suitable boundary conditions, the coefficients a, for (A.5) can be ob-
tained. Defining Fi(m—) as lim,_.,, Ii(z), and b; = the equilibrium probability

(Mu) ( " )
S ES VL

the boundary conditions can be set by observing the fact that

that i lines are on, that is

1. for (z > ¢), the buffer contents is a. .vays increasing, therefore the probability
that the buffer contents will be less than or equals to zero is nil. In other

words, F;(0) =0

2. for (2 < ¢), the buffer contents is always decreasing. Hence, F;(m—) = b;.

LEquation (A.4) can then be solved by standard numerical algorithins.

The loss can be calculated by

N
Loss = (1/(aN)) > (i — c)(b; — Fi(m—)) (A.6)

i=C

where a is the average fraction of lineson a = A/(u + A) , and C = [c].
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