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Elastic traffic essentially comprises the transfers of files between computers
generated by applications like email, http, and ftp.

Network bandwidth needs to be suitably shared between ongoing file transfers.

There is no intrinsic rate at which a file needs to be transferred; Sending rate
can adjust to the bandwidth that the network can provide.

The rate available to the application can vary with time, and may not be
constant even during any particular transfer.

To achieve bandwidth sharing and dynamic rate control of transfers, feedback

based distributed algorithms are required in the network.
The goal is to analytically study the issues involved in such algorithms.

Willm spend some time on the most famous bandwidth sharing

algorithm—transmission control protocol (TCP).



%

web
user

web |
user

e There are common links on the routes used by the transfers.
e Routing algorithm governs set of “shared links” among a set of active transfers.

e Transfer rate depends on link bandwidths along the path, the other transfers
sharing these links, and fairness objectives in the bandwidth sharing algorithm.

e Note that the number of simultaneous transfers is also time varying.
e No centralised information about the set of "active transfers” at any time.

e Bandwidth sharing algorithms should be dynamic and distributed.



e Capturing all complexities in a one mathematical model makes it intractable.
e Instead we examine the issues using a set of tractable models.

e Important to understand performance issues of elastic traffic because it is the
dominant Internet traffic; New applications will have to live with the bandwidth

sharing protocols for elastic traffic.

e Sample Models

1. Assume a single link shared among a fixed number of elastic transfers, each
with an infinite amount of data to send; Useful to analyse a situation of only

large file transfers with number of transfers varying slowly.
2. A single link and randomly arriving finite volume transfers.

3. A general network with fixed routes, a fixed number of transfers per route

and infinite volume transfers.

4. The most general problem with an arbitrary topology, and randomly arriving

finite volume transfers.
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possible queueing delays

at these router buffers

e Round-trip propagation delay (RTPD) is an important parameter that affects
the transient and steady-state behaviour of such transfers.

e For a packet of length L bits and ACK of length a bits, the minimum time
between sending a single packet and getting its ACK back is called the base
round trip time or BRTT; BRTT = % ------ RTPD + ';—‘

e In addition there is buffering or queueing delay and the total round trip time
(RTT) for a packet is RTT = BRTT + RTQD.



If transfer volume is V' and it takes an amount of time S to transfer this file

then the throughput for this transfer is %
For very large transfers transfer throughput is the only meaningful measure.

For short transfers average throughput and average transfer time are valid

performance measures.

Most protocols require exchange of signalling messages that add to total transfer
time and for short transfers, a transfer throughput less than C bps will be seen.
The signalling overhead is typically ignored.

Packet headers also increase transfer time and lower throughput.

Our interest is in the performance of the network transport mechanisms
(multiplexing, scheduling and switching); we will not “penalise” the network for

the network protocol headers.

File will including packet headers, and throughput will mean the network level

throughput rather than user level throughput.
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Fair sharing will mean equal sharing among the active transfers.

The single link can represent the bottleneck link in which the other links
contribute negligible queueing delays. + -

Two common techniques are used in sharing the b%{:k link — rate based
control (RBC) and window based control (WBC). o( +

In RBC, the source adaptively sets the rate at which it emits data.

In WBC a source adaptively sets the maximum number of packets that could be
outstanding between the source and its sink thereby indirectly controlling the
average rate of data transmission.

Different algorithms will give different feedback about the network “state” to
the transmission controllers.

They will also differ in the way the controllers adapt to the feedback.

Control objectives:
1. Efficient link utilisation

2. Minimum queueing delay: Sources will adaptively seek an operating point



(sending rates, or windows) and the adaptation process can cause large

delays and low utilisation

. Fairness between the rates given to transfers: Defining fairness can be
complicated in a network.

. Stability and transient response: An “operating point” with a target a
queueing delay may be defined. This operating point should be an
equilibrium point, which should be stable, and further, if the network
parameters change (e.g., the number of transfers changes) the system should

reach the new equilibrium point rapidly.
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e The source rates are adapted

e Explicit rate control

— An explicit value of rate is fed back to the sources

— Read Section 7.4.2

e Implicit rate control
— A feedback is provided that causes the sources to adapt

— For example, a one bit feedback (increase (bit=0) or decrease
(bit=1) the rate)

— In the class we will study only this approach
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Bl Resource Management (RM) cells

e We see an ABR ATM connection between a source and a sink,

traversing four links and three ATM cell switches

e [he source emits data cells, and interspersed with the data cells are

resource management (RM) cells

e [he data and RM cells are received by every switch in the path of the

connection
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Bl Resource Management (RM) cells

e The RM cells are meant for signalling associated with the rate control
algorithm

e Thus the RM cells need not be transmitted in sequence with the data
cells
— RM cells would follow a fast path in the switch

— Important that the switch does not reorder the sequence of the

RM cells (as the feedback control updates will get affected)
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A deterministic dynamical system model for rate based control of a single transfer

over a bottleneck link in a wide area network.



Consider a fluid model; r(t) is the rate at which source emits data at time .
Fluid analysis captures average behaviour, but not packet level behaviour.

Let x(f) be the amount of data in the bottleneck link buffer (in the data
transmission direction) at time ¢.

Assume that in reverse direction bottleneck carries only small control packets;
hence, generation rate is small; can ignore queueing delay in this direction.

Let 74 be propagation delay from server to bottleneck link buffer, and 7, the
“return” path propagation delay from the bottleneck link buffer to the server.

Thus the RTT is 74 + 74 (queueing delay at router queue). Let 7 := 74 + 7,



e The following is the dynamical equation for x(t), for any r(t¢) process.

: r(t — Tf) —C for ;{:[f) ~ ()
AU - (1)
(r(t —7¢) —c)™ forz(t) =0

o First part: When (%) > 0, queue length increases or decreases at a rate given
by difference between the arrival and link rates.

e Second part: In a fluid model, when buffer is empty, the buffer stays at 0 if the
arrival rate is less than link rate, and increases if arrival rate exceeds link rate.
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L(r,p)= U+ pC- 1)

andthedualproblemis
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Forsl S,definep® = ,_p,i.e.,thetotalpriceperunit flow
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Sinceuserchoosesatesuch that (p) = (U)*(p®),

Wipm=- r(m+c
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Thus,wecansolvethedualproblemusingagradientdescenalgorithm
thatdrivespin adirectionoppositeto thegradientof Q(.) toreducethe
dualobjectivefunctipn: '
p.(k+1) = p (K)- a(c):. : “rs(p(k))) o

wherep(k)is thepricevectorat thekth iteration,a isagainfactor whese
valuedetermineshespeedf convergeneandthesteadystateerror.

(p)=-, (U)*(p")+C
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