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Stability

Simulation of a Multiclass FIFO queue

(Poisson arrivals, exponential service times)

Simulation of a Multiclass FIFO queue

Heavy Traffic Diffusion Approximation
W) =W (rdt)/r, Y (t)=Y(r’)/r,
Qr(t)=Q (r’t)/r, i=1,...7T

W"Y",Q)=W"Y",Q)

*

Y Q =W"

W(t) W (t) = X (1) +Y(t)

Y (t) =sup{—X"(s):0<s <t}

t X = Brownian motion




Open Multiclass HL Queueing Network
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A=a+P'A po=2Am, k=1, K
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Natural Conjectures
|
p. <1 foreach k=1,..., K
|
po~1, k=1 K, WY Q)~W"Y" Q)
Q =AW" A
W =X +RY"

Affirmative Answers

(Refs. are for diffusion approximations through early 1990s)

Rely on continuous mapping construction of SRBM and do
not cover multiclass networks with general feedback.

Counterexamples
(two-stations, deterministic routing)




HL MQN: Sufficient Conditions

fluid

fluid

SRBM DATA

SRBM DEF' N |T|ON (w/starting point X)

W
W =X +RY
W R*
Yk(o)zo’ Yk
W, =0
X isa(6,T) X (0) =X,

{X(t) - 6t,t>0}
W, X,Y)

Necessary Condition for Existence

R is completely-S
R of R §>0:Ry>0

Existence and Unigueness in Law

w X,
RX iff R is completely-S.
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Oscillation Inequality

Assume that R is completely-S. There is a constant C>0 such
that whenever 6 >0, 0<t <t, <oo, and W, X, Y are
r.c.l.l. satisfying
() w(t) = x(t)+Ry(t) fortelt,t,]
(i) W lives in RS
(iii) for k=1,...,. K, ¥, (t,) =0, Y, is continuous, non-decreasing,
and can increase only when W, <&,
Then
Osc(w, [t £,1) + Osc(y, [t,,1,]) < C(Osc(x, [t,, t,1) + &)

Cts case: Bernard-El Kharroubi '91, discts case: W ‘98 .

Analysis of multidimensional SRBMs

m Sufficient conditions for positive recurrence
Dupuis-W ‘94, Chen ‘96, Budhiraja-Dupuis ‘99, El Kharroubi-Ben Tahar-
Yaacoubi ‘00
m Stationary distribution
— Characterization: Harrison-W ‘87, Dai-Harrison ‘92, Dai-Kurtz ‘98
— Analytic solutions -two-dimensions: Foddy ‘84, Trefethen-W '86,
Harrison ‘06
-product form: Harrison-W ‘87
— Numerical methods: Dai-Harrison ‘91,'92, Shen-Chen-Dai-Dai ‘02,
Schwerer ‘01
m Large deviations
Majewski ‘98,'00, Avram-Dai-Hasenbein '01, Dupuis-Ramanan '02,
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Some Related Work on RBMs & Queueing Networks

m  Capacitated gueues (convex polyhedral domains)
-  Dai-Williams "95, Dai-Dai ‘99

m  HT limits that are not SRBMs (& have no state space collapse)
- Single station-polling: Coffman-Puhalskii-Reiman ‘95
- Dynamic HLPS: Dupuis-Ramanan 99, Ramanan-Reiman ‘03

m  Non-HL service disciplines
(Markovian state descriptor is typically infinite dimensional)
- LIFO preemptive resume: Single station: Limic ‘00, ‘01

- Processor sharing: Single station (Gromoll-Puha-W ‘01,
Puha-W ‘03, Gromoll ‘03); network (stability: Bramson ‘04)

- EDF: Single station (Doytchinov-Lehoczky-Shreve ‘01),
acyclic network (Kruk-Lehoczky-Shreve-Yeung ‘03), network
(stability: Bramson ‘01)
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PERSPECTIVE
MON SPN

Sufficient conditions for

e.g., parallel server system,

HL stability and diffusion
approximations

packet switch

Non- | e.g., LIFO, Processor Sharing | e.g., Internet congestion

HL (single station, control / bandwidth sharing

PS: network stability) model
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