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A multinode case

——— Scheduler SP1
2,0 — 71— Zz1:priority 1
Y,(t) —r—— | YZl:priority 2
— X :priority 3
X0 —7— c =10 Mbit's Loul®)
Scheduler SP3
— X1,out :priority 1
X, . (t) ___X2,out :priority 2
2,out _ .
Scheduler EDF2 — | C;=25 Mbit/s
20 8,=10ms
Y,(t) —7 dy,=5 ms
——  Oy,=1ms
X0~ C,=25 Mbit/s
Quality of Service in IP networks Paolo Giacomazzl

1



Course of Multimedia Internet (Sub-course”Reti Internet Multimediali”), AA 2010-2011 Prof. Paolo Giacomazzi 21. Examples Pag. 2
Politecnico di Milano, Dipartimento di Elettronica e Informazione, Via Ponzio, 34/5, 20133 MILANO, ITALY

Statement of the problem

@ In the figure, X1(t) has a linear variance envelope with parameters r_X1=3Mbit/s and b_X1=100 kbit
Y1(t) is fGt with parameters m_Y1 = 3.2 Mbit/s, a_Y1 =5 Mbit, H_Y1=0.99

Z1(t) has a linear variance envelope with parameters r_Z1=2Mbit/s, b_Z1=150 kbit

Scheduler 1 is SP; flows X1(t), Y1(t) and Z1(t) are served with priority 3, 2 and 1, respectively

The capacity of the scheduler output line is 10 Mbit/s

X1,out(t) is the output of X1(t)

X2(t) has a linear variance envelope with parameters r_X2= 4 Mbit/s, b_X2= 12.5 kbit

Y2(t) is fGt with parameters m_Y2 = 2.5 Mbit/s, a_Y2 =5 Mbit, H_Y2 =0.85

Z2(t) has a linear variance envelope with parameters r_Z2= 1 Mbit/s, b_Z2= 50 kbit

Scheduler 2 is EDF, X2(t) has service deadline 6X2=1 ms, Y2(t) has service deadline deadline 6Y2=5
ms and Z2(t) has service deadline 6Z2=10 ms

The capacity of the scheduler output line is 25 Mbit/s
iX2,0ut(t) is the output of X2(t)
a  Scheduler 3 is SP where X1,out(t) is served with priority 1 and X2,out(t) with priority 2
a  The capacity of the scheduler output line is 25 Mbit/s
@ Calculate the probability that the delay of flow X2,out(t) exceeds 90 ms in scheduler 3
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Solution (scheduler 1)
a |et us consider scheduler 1; the input flows have average value and
variance given by

(E(Z,(t))=r,t=2x10 bit/s

var(Zl(t)): Zlbzlt—2><106><0 15x10°t =0.3x10°t bit?/s
(E(Y,(t))=m,t=32x10°t bit/s

var(Yl(t)) m, a, t*" =3.2x10° x5x10°t**=16 x10*t** bit*/s

E(X,(t))=r, t=3x10°t bit/s
<
var(Xl(t)) = = 0.3x10%t bit®/s
Quality of Service in IP networks Paolo Giacomazzi

3



Course of Multimedia Internet (Sub-course”Reti Internet Multimediali”), AA 2010-2011 Prof. Paolo Giacomazzi 21. Examples Pag. 4
Politecnico di Milano, Dipartimento di Elettronica e Informazione, Via Ponzio, 34/5, 20133 MILANO, ITALY

Solution (scheduler 1)

a The service envelope for X1(t) is

Sy, (t) =Ct-Y, (t)_ Z, (t)
E(Sy, (t))=Ct—E(Y,(t))-E(Z,(t)) =10x10°t -3.2x10°t - 2x10°t = 4.8x10°t bit/s

var (le (t)) = var (Y, (t))+var(Z,(t))=0.3x10°t +16 x10"t"**bit’/s

a The average value and variance of X1out(t) are

E(Xl,out (t)) = E(Xl (t))
var (X (1)) = max(var(x1 (1)), var(le (t)))
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Solution (scheduler 1)
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@ The figure shows the variance of X1out(t)
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Solution (scheduler 2)

a |In scheduler 2, the inputs are

(E(Z,(t))=r,t =1x10° bit/s
t))=r, b, t=1x10°x0.05x10°t =0.05x10°t hit?/s

(E(X,(t))=r,t=4x10°t bit/s

2

var (X, (t)) =r, b, t =4x10°x0.0125x10°t = 0.05x 10"t bit?/s

2
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Solution (scheduler 2)

a The service envelope for X2(t) is
E(S,, (t))=Ct-m, (t —max (3, -6, )) -, (t —max (3, -4, ))

var(S,, (t))=m,a, (t -max (&, -5 ))

2Hy -

+1,.b, (t - max(§ZZ -5, ))

a The average value and variance of X1out(t) are
E(Xz,out (t)) - E<X2 (t))
var (X, o (1)) = max(var(x2 (t)),var(sz (t)))
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var (S x
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Solution (scheduler 2)
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@ The figure shows the variance of X2out(t)
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Solution (scheduler 3)

@ |n scheduler 3, X2out(t) has service envelope with the following
features

Sy, (1) =Ct=X, . ()
E (S, (1)) =Ct—E(X,,, (1)) = Ct—E(X, (1))
var(SXz’out (t)) = var(X,,, (t))

@ The o(t) function is then given by

E (X, (t))-E (sxm (t+d ))

\/var(leout (t))+ var(SXz’out (t+d ))

ax 2,out(t) -

Quality of Service in IP networks Paolo Giacomazzi
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Solution (scheduler 3)

10.00

@ The minimum value of alpha is
3.53 thus the probability of
exceeding the delay threshold
IS equal to 0.0019
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a The figure plots the alpha function
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Further considerations

@ The procedure can be
repeated with different
delay thresholds, as
shown in the figure

@ Remarkably, the delay
distribution of X2out in
scheduler 3 is fat-tailed

@ This is due to the
interference form LRD
flows

Quality of Service in IP networks
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On the variance of X2out(t)

@ |t is interesting to note that the
variance of X2out(t) differs L 00Es20
significantly from that of the fresh , yoe. 15
flow X2(t) 1.00E+16 -

a We recall that 3 MR
N 1.00E+12 -
E 1.00E+10 1 — var(x2(t))
E ( XZ (t)) = 4x106t blt § 1.00E+08 - —varlxzoul(n)
var ( X, (t)) =0.05x10"t hit? E; 1.00E+06 -
1.00E+04 -
1.00E+02 ~
s Then, for S,,(t) we have )
1.00E+00
1.00E-07 1.00E-05 1.00E-03 1.00E-01 1.00E+01 1.00E+03
E(S,, (t))=Ct-m, (t-max(0,5, -5, ))-r,, (t-max(0,5, -5, )) t
var(s,, (t))=m,a, (t -max (0,5, - J,, ))2 “trb, (t -max(0,8,, -5, ))
E(S,, (t)) =25x10°t - 25x10° (t-4x10°)-1x10° (t-9x10~)
var (S, (1)) =125x10% x(t—4x107)" +50x10° (t—9x107)
Quality of Service in IP networks Paolo Giacomazzi
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On the variance of X2out(t)
@ Thus,

1.00E+20
1.00E+18 -
1.00E+16 -

1.00E+14 -

var (X, o, (t)) = max(var(x2 (t)), var(sy, (t))) = 1.00E+12 -

= max (0.05x101%t,125x 10 x t —4><10*3)” +50x10° (t-9x10°)

—var(x2(t))
= var(x2out(t))
— var(x3out(t))

1.00E+10 -

1.00E+08 -

@ Then, X, ,(t) is offered to the third = ¢, se.06 |
Strict Priority scheduler, and we 1.00E+04
want to calculate the variance of the =]
output flow of this scheduler (we call ™ 1

1.00E-07 1.00E-05 1.00E-03 1.00E-01 1.00E+01 1.00E+03
It Xs0u(1) a And t

var(X2(t)), var(X2out(t))

@ var(Xsy,(t))=max(var(X,, (1)), var (S, .., (t)) = var(Z, (t))+var(Y,(t)) =
S(XZOUt(t))): =2x10°x150x10°t +3.2x10° x5x10° x t** =
=300x10°t +16x10° x t**
Var(SXZ,out (t)) - Var(xl,OUt (t)) ’
@ Thus
@ where var(X,,, (1)) =

var (X, (t)) = max (var(X, (t)), var(S,,, (t)) ~ max(300x10°t, max (300x10°t, 300 x10°t +16x 10 xt™*))

Quality of Service in IP networks Paolo Giacomazzi
13



Course of Multimedia Internet (Sub-course”Reti Internet Multimediali”), AA 2010-2011 Prof. Paolo Giacomazzi

21. Examples Pag. 14

Politecnico di Milano, Dipartimento di Elettronica e Informazione, Via Ponzio, 34/5, 20133 MILANO, ITALY

Analysis of the behavior of X3out(t)

@ Now, we consider two scenarios
FIFO + Scenario 1: X2(t) is directly offered to a
X,5(1) FIFO scheduler
> — + Scenario 2: X2(t) is offered to the same
_ FIFO scheduler after having crossed the
Scenario 1 network (i.e., we offer X3out(t))
— Scheduler SP1 -
2,0 —— 1 71:priority 1 Scenario 2
Y, () —— Y1:priority 2
—  X,:priority 3
X —T—" c,=10 Mbit's Lou(®)
Scheduler SP3 FIFO
X1,out :priori X (t)
,out :priority 1 -——?"O_Ut-—-% I
X2,out :priori
XZ,Out(t) = t/
Scheduler EDF2 3" IUs
Z,(9 \\ 3,,=10 ms
Yz(t) T =
——  O0yw,=1ms
X0~ C,225 Mbit/s
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Analysis of the behavior of X3out(t)

a Now, the calculation is simple, as it is sufficient to calculate the alpha
function in both cases:

m, t—C(t+d)

- \/var(xz (1)) ' Fsan

a By repeating the calculation for different values of d, we obtain the
delay curve in both cases

m, t—C(t+d)

\/var(X&Out (1)) |

ay, (1) (t)=

Quality of Service in IP networks Paolo Giacomazzi
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Analysis of the behavior of X3out(t)

@ The difference between the
queueing behavior of X2(t) and

X3out(t) is impressive 1
@ X2(t) acquires a heavy LRD 01 -
when it crosses the network
@ Actually, it interferes with a flow "
with H=0.99, an extremely high & oo
value of hurst parameter i}
0.0001 -
@ X2(t) seems to acquire a LRD
behavior 0.00001
@ This is a known fact: LRD tends 0.000001 | | | | | |
to spread in the Internet 0.0001  0.001 0.01 0.1 1 10 100 1000
delay (s)
a However, the methods
described in this courses are the
first allowing us to calculate
analytically this kind of behavior
Quality of Service in IP networks Paolo Giacomazzi
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