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Setting

« Evaluating service differentiation
— achieved by packet level mechanisms

« Study of how bandwidth is divided between,
— TCP (elastic) and non-TCP (real-time) flows

— as a function of number of flows not load
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Network model

2 delay classes
— Real-time (rt) and elastic non-real time (nrt)

* | priority levels,
— | highest, 1 lowest

L flow groups

— Grouped according to weigh(l) and delay class
— n, flows in groupl

Network with one link

— CapacityC =1
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DiffServ model
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Metering

e Token bucket: * Exponential weighted
— Packets are marked in- moving average:
profile If the bucket holds — Measured bit rate of
enough tokens upon arrival, previous time instants are
out-of- prOflle otherwise exponentia”y dampened by
packety r(1),c  |outi=1, a time parameten and the
in . time interval between the
r(,2),c outl =2,
(L) = 1) l measuremelnt(t'::L |
in,i=3 : niL—a
t(1,0) = o mbr(k’J):In(l—a/p(k )
t(,i) =¢()ad), i=1..1-1 e
t(,1)=0 pk, j)=a+pk, )A-a)"
a(i) = 2'/27705 t(l,i) < mbr(k, j) <t(l,i -1
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Marking

* Per packet marking: * Per flow marking:
— Only the packets of a flow that — Once the measured load of a
exceed the marking threshold flow exceeds a marking
are marked to lower threshold, all packetsf the
precedence level flow are marked to the same

precedence level

4 per flow per packet per flow per packet per flow per packet

t(1,1) -

mi=2

t1,3<v<t,2) t(,.2<v<td)) t(lD)<v

t(1,2)
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Discarding

+ Independent * Dependent
— Separate thresholds for each ~ — Thresholds as a function of
delay class buffer buffer contents of both
delay classes
3 3 3 3 3 3 3 3
0 1 2 3 0 1 2 3
—Y 2 y 2 —Y 2 2 2
0 1 2 3 0 1 2 3
1 1 1 1 1 1 1 1
0 1 2 3 0 1 2 3
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0 1 2 3 0 1 2 3
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Forwarding

* Priority queuing
— FIFO, 2 buffers

— Weights:

- w;=1,w,=0

* Weighted fair queuing
— FIFO, 2 buffers
— Weights:
- w;<1,w,>0,w,+w,=1
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DiffServ mechanisms
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End-to-end view

Boundary node

Interior node

fl aggregates Accept o
window size | > @ Marken P22 o9 Discard— Reatme | | ;D_@_
.. Non-real- »
TCP source Conditioner Discard time
5 | Coue-
I packet not acknowledged Scheduling unit
packet acknowledged
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Simulation results

« Marking and metering flows tbpriorities
— with I-1 cascaded token buckets can be modelgueapacket
marking
« only those packets exceeding a predefined threshold are marked to
lower priority.
— EWMA principle in measuring the bit rate is able to capture the
flow rate and the resulting marking per flow
- all packets of the flow are marked to the same precedence level when
the measured bit rate of a flow exceeds the predefined threshold.

« Time parameterg andc have to be on time scale of RTT,
— for differentiation to occur.
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Analytical Model

———»| Precedence level F—=
70) Y A()
3 pr()
S| Tcp
o ” Buffer
3 | feedback conciones model
T pr() .
q(l) y p()
] Group ¢(l) «——
Traffic Metering & Discarding &
model Marking Forwarding
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Analytical model

fixed point approach

A(i)

p(i)

Buffer
model
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Buffer model

* Two buffers
— one for each delay class: rt and nrt
— Poisson arrivals
— discarding: state dependent arrivals
— minimum weights in dividing capacity between buffers
— If holding times exponentially distributed
- steady state probabilities, solved numericallly
o P (i) andp™ (i) numerically
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Two buffer model

A A A
Azrt l’u Azrt l’unrl Agrt l’unrt
Al

t t
A;rt U 'urAgrt ’unn ’urA;rt ’unrt

Y . ,Urt Y ’urt Y ! ’urt
A;rt ,U A;rt ’unrl A: t ,Unrt

Independent discarding dependent discarding
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Analytical model

fixed point approach

non-TCPI

v(l)

TCP
feedback

q(l)
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TCP feedback model

 large delay bandwdith product

« Congestion avoidance
— Equilibrium rate for flow in groupg & £

V@):_LE_

\/21_q('),| q
RTT q(l)
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Analytical model

fixed point approach

v(l) A()
Conditioner

q(l) p(i)
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Conditioner model

* Priority of user
— Each flow in groud has packet arrival intensigyl)

— priorit I -
" g pr(l) = max minHl [2+0.5- In(vl(r:iéf(l))J,l}l

— Thresholds for marking to priority levelare

t(1,0) = o
t(l,i)=g()@'271705 =1, 1 -1
t(l,1)=0
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Conditioner model

« Aggregate arrival intensities for priority class |
— per flow marking

Am(i): anv(l) m = rt or nrt

1IOL:pr(l)=i

— per packet marking

AMGiy= ) n, [min(C v (1), t(1,i =1)) = min( v (1), t(1,i))]

1I0L™:pr (1)<i
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Conditioner model

* Flows according to groubinstead of priority class

* Loss probability expereinced by flows in groug(l)
— per flow marking

q() = p"(pr()),1O0L" m = rt or nrt

— per packet marking

I . . _ . .
ay = pm(j){mm(v(l),tm i)zl)mun(va),t(l,n) o
j=1
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Numerical results

* Results for the two buffecase 1 = 1)

* Two user groupg =2
— with different NBRs (0.04, 0.08)
— groupl =1, send elastic TCP flows
— groupl = 2, send streaming non-TCP flows

* Three priority leveld =3
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Throughputs

» RTT =1000fs, K,,= 39, K, = 13

* Ratio [v(2)(1-q(2))/v(1)(1-q(1))]
netween throughputs
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33% TCP flows 66% TCP flows
no . ,,"’
differentiation L
per packet marking/ o W, =0
per flow marking
Independent discarding 2 /—/
per packet marking . . .
dependent discarding e dashedi =1
— v(2)=0.16
per flow marking :
dependent discarding black:i = 3
“““““““““ . v(2) =0.039
throughput # of all users
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Conclusions

* |ndependent discarding
— Regardless of marking same as no differentiation

« Dependent discarding + per flow marking = SIMA

— Gives incentive for ALL flows to adjust sending rate
according to the state of the network

— Promotes TCP friendliness

* Weights
— Give some upper bound to ratio of bandwdith
— But not according to ratio of weights
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