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# Network traffic and phenomena are invariably stochastic
but deterministic analysis Is intuitive and instructive

# End-to-End delay from A to B will have a fixed and a
variable component.
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Performance of 'tagged’ stream depends on the arrival
pattern of traffic in the stream and that of competing
traffic.

If the tagged stream is chosen appropriately, the
performance seen by this stream could be said to be
the performance of a ‘random’ stream.

If ‘worst case’ behaviour of the traffic can be described
then the 'worst case’ performance of the network can
be derived.

Network Calculus is the theory of worst case network
performance

Obviously, worst case performance Is very conservative
compared with average case



Packets from many
Inputs are switched to
the output buffer with

constant delay.
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Assume output queueing at the switch or router

Link rate C' bits per second, packet length L. bits per
packet, packet transmission time L /C

Assume store and forward switch and packet has
arrived only after it is completely recieved.

A link is multiplexed, shared by many other streams,
multiple streams could ‘arrive’ simultaneously and

queueing delay will occur.
Work conserving, eduler — if there are bits in the
buffer then there is transmission.

Infinite buffers — there is always space for an arriving
packet



aj, is arrival time of k" packet, L, is its length and d;, is its
departure time.
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# Non empty buffer drains at rate C' bits per second.

# Busy (hon empty buffer) and ldle (empty buffer) periods
can be identified.
#» More Notation:
s A(t)isarrivalsuptot, A(t) =0fort¢ < 0.
s D(t)Is departuresuptot, D(t) < A(t).
s X(t) number of bits in buffer at ¢, X (¢) = A({) — D(1).

® A(t), D(t) and X (¢) are assumed right continuous with
left hand limits — arrivals at ¢ will be A(t) — A(t7).
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X (t) depends on a;, and L, and not on order of service

Busy and Idle period durations are invariant with the
scheduling discipline.

The same packets depart during a busy period
irrespective of the scheduling discipline — different
scheduling disciplines order the departures differently.

Time average of X (¢) is denoted by X(¢,.%,) and
defined as

o 1 R
X(ti.ta) = P / X(u)du
2 — L] I'j]

Is also invariant to scheduling discipline
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LB nonempty

LB full

buffer nonempty

LB becomes empty

departure process

amount of tokens in LB

\buffer becomes empty

amount of data in the buffer

time
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" = thedeparturenstantof thekth arriving packetinto queuej
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