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Statistical multiplexer ...
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... as seen at the burst level ...
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... = Fluid queue

Input rate Ry(t) DD'—'E o p—
— varying randomly —

— gradual input!
Buffer size

— we assume: infinite Z(t) =Z(0) +J’ RO(U)dU_I Ry (u)du
Leak rate Cq 0 0

— max output rate (1) = Min{Ry(t),¢},if Z(t)=0
— gradual output! R (t) = E & Jif Z(t)>0
Buffer content Z(t)

Output rate Ry(t)



Evolution
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Fluid queue fed by a single on-off source

Input : On-off source with rate C

A
— silent periods Sy~ EXP(A) (off e (on) 0,

— active periods Ay~ F(t)
Natural assumption:

Co>0Cp

Buffer content : Z~?
Output : looks like another on-off source with
— silent periods S; ~ EXp()

— active periods Aq ~7?




Elementary results

« Buffer content

- P{Z>27 =yP{V>2

— where V ~ workload in a certain M/G/1 queue
e QOutput:

— Al ~ busy period in another M/G/1 queue




Fluid queue fed by multiple on-off sources

Input : On-off sources with rate Cy
— silent periods Sy~ EXP(A)

— active periods Ay~ F(t)
Restrictive assumption:

Co20p
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N
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CrmaCl

F(t)
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CHrmeCl

F(t)

A
CHrmaCl

F()

Output : looks like another on-off source with

— silent periods S; ~ EXp(NA)

— active periods Ay ~ ?

Boxma & Dumas (1998), Aalto (1998):
— Aq ~ busy period in a certain M/G/1 queue
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Tandem fluid queue fed by multiple on-off sources
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« Natural assumption:
NGy >C>Cr>...>Cy
e Observation:

Zi(t)>0 U Z4k()>0
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Tandem fluid queue fed by a single on-off source

A
@y en| = o> Th—>

« Natural assumption:
Co>C1>Cp
« Content of buffer 2: Z,~?

« Output from buffer 2: looks like another on-off source with

— silent periods S, ~ EXp() A c c
5 O—2>
@@

— active periods A, ~7?
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Tandem fluid queues fed by homogeneous on-off sources

Evolution
A
Buffer content o> %
Zl(t) % N
A
Output rate
Ry(t)
Buffer content o “
£
Zz(t) N2

Output rate I
R5(t)
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Output from buffer |

e New result :

— A ~ busy period in an M/G/1 queue with
arrival rate A(Cy—C;)/Cy and service time d.f. F(Gt/cp)

« |dea of the proof for I = 2: combine the two buffers

A | | A
Do |5 o> [o-5 | = | || [Tho-2

F(t) | | F(t)

Ot 1 Zy(t) + Zo(t) = Z4(t)
[1 outputs from the two systems are identical!
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Content of buffer |

e Let

—6A A 1 (1- o — :
a,(0)=Ele ] p :z(i)l+§,%1 /=" éi(_rpcli v Ki =2

 Newresult : If 0;<1, then
E[e_HZI]:]-_M-l-M (CI_(CI_]._CI)KI_].)H
GO-A+Aai_1((G-1-G)6)

* Note: This is an implicit equation for the LST
* For exponential active periods, the transform can be inverted!
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Exponential active periods

e Let
O _ A+(u-A)cia/co N _ M _2 5 = 4G —1(Co—Ci_1)
I Ci—1—C | Co—Gi C; Cg (Ci 4G )2

 Newresult : If 0;<1, then
P{Z; Ddy} = (1-M)5o(y)dy+(1—p)e"7‘y><

H Aciq I ~(©; -n; )u 1(Uf)du%y
-G (Gi-1-Gi) 2(00 q) TN

— where 50 denotes the Dirac measure at O and
|1 the modified Bessel function of the first kind of order 1
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First moments

e Let

By = E[AS] Bi = El(coA0)¥]

 Newresult : If 0;<1, then

E[Zi] = 2% (Pjﬁl)z(/(i ~Kij-1)

(K] K—1)
E[Z; ]‘3[; \1L+/w1)3 e

By )4(K K_1>
ﬁlg\l_l_Aﬂl | | (KI

—2451)
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Correlation between the buffer contents

e Let

b="2F3L(1+ )B) - 2AB;
365

 Newresult: If 0, <1, then

b(kg +kq) + K§ + Kok + K12

Corr[Zy,2Z5] =
[21,Z5] J(2b+ 2k + k1)K /(2D +2K1 +K5)K

>0

* |dea of the proof:

2CoV[Z1,Z5] =Var[Zy + Z5] —Var[Zy] —Var[Z5]
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Tandem fluid queues fed by homogeneous on-off sources

Example (1)

0.25 1

Exp(1

Stability condition:

1=cop>c >Cyp>0.2
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Tandem fluid queues fed by homogeneous on-off sources

Example (2)

Samuli Aalto & Werner Scheinhardt
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Tandem fluid queues fed by homogeneous on-off sources

Example (3)
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Tandem fluid queue fed by multiple on-off sources
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Restrictive assumption:
Co2C >Cr>...2Cp\y

[J output from each buffer I looks like an on-off source

Similar results as for the single source case available from the

second buffer on!
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Tandem fluid queues fed by homogeneous on-off sources

THE END
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