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Source traffic process, A(?), is specified by an envelope E(t) that satisfies
A(t) —A(r) < E(t—T1)
for all t and 7 such that 0 < 7 < ¢

The network service element is defined by a lower service curve, S(t) that
satisfies D(t) > E(t) = S(t), where D(t) is the departure process.

E(t) and S(t) are together used to upper bound the service element delay.

The source can use this analysis to demand an S(t) to satisfy its delay upper
bound, or by the network to enforce an E(t) on the source or, both.

If worst case is deterministic, then this is also worst case analysis.

Since actual traffic processes are random, some obvious questions to ask:

— How often is worst case actually achieved? If infrequent, then we are wasting
resources by dimensioning with worst case design.

— How bad is the worst case from the average case?

— Can we dimension such that the effect of not dimensioning for the worst case
is minimum? Of course, this statement should be made more precise. »
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e Kolmogorov's Strong Law of Large Numbers: X,,,n > 1, is a
sequence of i.i.d. random variables with finite mean p then

1 i

o 1.5,

Iim — E X = p
k=1

ri— oo 11

e Central Limit Theorem: X,,.n = 1. is a sequence of i.i.d. random

variables with finite mean u and finite variance o2, then
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where @ is the normal or Gaussian distribution with mean 0 and
variance 1 (also called the standard normal distribution)
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Consider a multiplexer with output capacity C' and inputs from n independent

sources, A;(t), i =1,...,n.

Each source is rate controlled and has LB-shaped with envelope

min(Rt*, o + pt'); Delay upper bound requirement is d,, 4. .
Envelope of the superposition is E(t) = min(nRt*, no + npt ™)

If capacity C' = cis required for n = 1, then C' = nc will be required for the

superposition of n sources.

Let A;(t) be a stationary random processes and A(t) the superposition of the n
processes

Let the sources be vocoders with peak rate R (of envelope Rt") regulated by a
(o, p) regulator



‘e The output envelope will be E;(t) = min(Rt", o + ptT)

e For( <t < R’ip, the cumulative data from n sources will not exceed n Rt

e Let us compare this with that from a stochastic analysis



Let the cumulative bit arrival process be A;(¢) and the instantaneous bit rate

process be B;(t).

Aggregate bit rate [JI‘DCESS B(t) =>_._, B;(t) and the aggregate cumulative bit

arrival process is A(t) = ju (u)du.

Let each B;(1) alternate between R bps for T, secs, and 0 bps for T, secs.

o R—r
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Let average bit rate be r bps, r < p with 7,,,, = 53— = ,and Typp =

Cumulative process A;(t) conforms to the envelope E(t) = miu(Rf,' o+ pth).

For this example take r = ER so that Ty, = To5s = T.

Assume that the bit rate processes B;(t) are individually stationary.
Since the B; are deterministic, we introduce randomness through the phase

Stationarity of B;(t) implies that given that it is on at time 0, the length of the
remaining on time is uniformly distributed in[0, 7] and similarly if it is off at 0

Average instantaneous bit rate is E(B;(f)) = % and aggregate E(B(t)) = -ng
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e A(t) is the cumulative process of B(t), therefore

1 1
E(ﬂ(iJJ:E(/ B(t)d.t) :/ E(B)(t}dizngi
0 0 <

e The relationship between E(A(¢)) and the envelope of A(t) (i.e.,
min(Rt*, o + pt1)) is shown above

e For each A;(f) the standard deviation at any ¢ is bounded by a finite
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By the(central limit theorem it then follows that for large n, for all ¢,

R
P (;‘1(5) > n;i - a. V’Er:rm.dx) < ¢

where a. is defined by 1 — ®(a.) = ¢, ®(-), the cumulative distribution function
of the standard normal distribution.

We can thus define an e-envelope (say, A (1)), such that, for all ¢,
P(A(t) > A (1)) < e.

Notice that for large n the worst case deterministic envelope E(¢) can be much
larger than the c-envelope.

Observe that a worst case design using E(t) will ensure that the delay bound is
never violated but will require a large value of multiplexer bandwidth C'.

On the other hand if the e-envelope is used for the design then a much smaller
value of C will suffice, but the delay requirement will be violated with a small
probability.

For most applications such a probabilistic “guarantee” would suffice.



Some Questions I

What are good stochastic models for traffic from stream sources?
VWhat are the appropriate QoS measures or objectives?

How do we design to achieve such objectives using stochastic models for the
traffic and the network elements?

In the example source behaviour “inside the envelope” E(f) was assumed
known. Can we perform a stochastic analysis with minimum source knowledge?

Approach I

Standard Markovian queueing models from Queueing Theory are generally not

directly useful because packet traffic processes in packet networks are not well
modelled by the Poisson process.

However, the stochastic process analysis from Queueing Theory provides a set of
very useful tools and concepts.

More importantly, some of these traditional models are useful for gaining quick
insight, and for providing examples and counter-examples in performance study
and design alternative evaluation.
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e Voice source: There is a natural periodicity
— A byte every 125 us (8 bytes per ms).
— 20 ms (say) packetisation interval and 40 byte header overhead per packet
means a 200 byte packet every 20 ms.

— Silence suppression will mean no packets during inactive periods and packets
at regular intervals during active periods.

— More complex voice coders emit frames of coded speech every 10ms, e.g.,
G.729 encoder produces a 10 byte coded voice frame every 10ms.

— If the packetiser packs two such voice frames into one packet then, together
with the header, the network receives a 60 byte packet every 20ms, during
speech activity periods.

e Video: There are frames and the number of bits per frame is random.

— Interframe coding reduces the bits per frame.

— Different types of interframe coding may be used.

— To achieve error correction, the entire frame is encoded completely at
periodic intervals.



A basic interval T is natural in most stream sources; B, packets are sent into
the network at ¢, = KT,k = 0.

Assume that all the packets are of a fixed length L bytes.

Example: For G.729 speech, T' = 20ms, Bj, = 1 during talkspurts and By, = 0
during slience spurts, and L = 60 bytes.

Randomness comes from the duration of the talkspurts.

An obvious model: geometric distribution for the the number of intervals in a
talkspurt and silence spurts and independent talkspurt and silence period
durations.

Denoting the active periods by U;.7 = 1, and the silence periods by V;.j = 1,
we can write, for m > 1,

Pr((U; =m))=a™ (1 -a)

and
Pr((V; =m)) = o™ 11— o)

where0 < a <1, and0< o< 1.



1

Mean talkspurt duration is -—T ms and the silence duration is l_%T ms.

With the above model for talkspurt and silence periods that the process
By..k = 0, is a discrete time Markov chain on the state space {0, 1}
Transition probabilities pgg = o, and p11 = a

l—0o

(1—o)+(1l—a) L.

The mean byte rate out of the source is

In the case of packetised video, there is no notion of a “silence” period during
which the packet rate is zero. Thus the process By, k = 0, can take any
nonnegative integer value

Many stochastic models have been proposed for this process, the simplest being
that By, is a discrete time Markov chain on {0,1,2,..., M}, where M is the
maximum number of packets that can correspond to a single coded video frame



e Consider multiplexing several packet voice sources with the same coding and
framing rate, and the same packetisation interval 7'.

e Sources are not synchronised; packets do not arrive at multiples period 1" ms.
With n sources, upto n packets can arrive into the multiplexer every 1" ms.

e Depending on the parameters of the problem, and the kind of results we seek,
we can model the superposition in one of three ways.

Discrete time Markovian batch arrival model

o At l;, = kT, k€0,1,2,... gather packet arrivals from all the n sources during
the interval ({,_1,tx] and take these packets to arrive at

e Let the number of packets thus arriving at {;. be denoted by B;..

e [t can then be seen that, for the packet voice model discussed above, By is a
Markov chain on the state space {0,1...., n}.

e When there are 7 voice sources in the talk spurt state, 7 packets arrive into the
multiplexer; in the next time interval some of the active sources can become
inactive, and some of the inactive sources can become active.



e Batching tends to show larger queueing delays.

e This model yields larger queueing delays than the actual superposition process in
which packets will most probably not arrive in batches at multiples of T

e On a 2.048 Mbps link, the link can carry 25.6 packets every 20 ms — link can
transmit 5120bytes in 20ms and each packet is 200 bytes.

e |f we model the silence periods, assuming each source is active only 60% of
time, 40 sources will generate an average of just 24 packets per 200 ms.

e Similar model for superposition of packet video source.
Markov modulated Poisson process (MMPP)

e Avoid the batching of the previous model because the actual packet arrival

process is smoother than this.

e Model the system as a time inhomogeneous Poisson process.

e The packet arrival process is a Poisson process of rate }— when the aggregate
system is in state 7, 7 € {0,1,. .., n}.

_ e The system state changes according to a continuous time Markov chain.

1 -



Sum of time varying number of deterministic processes
e Models both the random phase and the deterministic pattern of arrivals.
e When n sources are active, one packet will arrive from each every (f,_q, 1]
e Pattern of arrivals of packets over the successive T second intervals will repeat.

e Thus when the number of sources is fixed the arrival pattern is periodic with
period 7. When there are n sources active, the distribution of the n arrival
Instants over the interval 1" can be taken to be that obtained by throwing n
points. independently and uniformly over an interval of length T

e Note that this random sampling is done only in the first interval, and
subsequently the pattern repeats.

e This periodic arrival model is most appropriate when packets generated during
silence periods are not suppressed; i.e., during the entire duration of a voice call,
packets are sent into the network at the rate of one per T'.

e Such a voice source is called a Constant Bit Rate (CBR) source (as opposed to a
Variable Bit Rate (VBR) source obtained by silence suppression).



Sum of time varying number of deterministic processes
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A(t) the number of packet arrivals into the multiplexer in the time interval [0, {];

i.e., this is the number of arrival instants, ay, that fall in the interval [0, .

D(t) the number of packet departures from the multiplexer in the time interval [0, t];
i.e., this is the number of departure instants, dy, that fall in the interval [0, t].

Wi the total time spent in the multiplexer by the kth packet.

N(t) the number of packets in the multiplexer at time ¢; clearly N(t) = A(t) —D(1).
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