CWI EHE

INR UER

ZAR UTO

UNE IMP

QMIPS

Q uantitative M odeling I n P arallel S ystems

An asymptotic Analysis of Closed Queuing Networks with Branching Populations

N. Bayer E.G. Coffman Y.A. Kogan CWI AT&T Bell Laboratories AT&T Bell Laboratories P.O. Box 94079 Murray Hill, NJ 07974 Holmdel, NJ 07733 1090 GB Amsterdam USA USA The Netherlands

D W2.T1.8-2.v1

September 15, 1995

cflCWI

Distribution Level: Unrestricted

Approved by: O. Boxma

Abstract Closed queueing networks have proven valuable tools for system performance analysis. In this paper, we broaden the applications of such networks by incorporating populations of branching customers: whenever a customer completes service at some node of the network, it is replaced by N ˘ 0 customers, each routed independently to a next node, where N has a given, possibly node-dependent branching distribution. Applications of these

The QMIPS Project: The QMIPS project is a collaborative research project supported by the CEC as ESPRIT- BRA project no 7269. It is being carried out by the following organisations: CWI (Amsterdam), EHEI (University of Paris V), Imperial College (London), INRIA (Sophia-Antipolis), University of Erlangen, University of Newcastle, University of Torino and University of Zaragoza.

branching and queueing networks focus on stable regimes, where the customer population iteratively dies out in finite expected time; at customer depletions the network is immediately supplied with a new set of customers according to a given initial-state distribution. In our first result, we give a necessary and sufficient condition for stability. An analysis if queue-length distributions seems much more difficult, even under exponential assumptions. Homogeneous, infinite-server networks and n-server single node networks are exceptions for which we give exact results, but our main response to the added difficulty is to give an asymptotic analysis of exponential networks with slowly varying population sizes. We model the behavior of such networks by that of a sequence of closed queueing networks differing only in population size, in analogy with the approach of nearly decomposable systems. The theoretical foundations of this approximation technique require limit laws, which provide for throughputs and for stationary queue length distributions.

Keywords Closed queueing networks, branching processes, nearly decomposable systems.

2