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Abstract. A two-server service network has been studied from the principal-agent

perspective. In the model, services are rendered by two independent facilities coor-

dinated by an agency, which seeks to devise a strategy to suitably allocate customers
to the facilities and to simultaneously determine compensation levels. Two possible

allocation schemes were compared — viz. the common queue and separate queue

schemes. The separate queue allocation scheme was shown to give more compe-
tition incentives to the independent facilities and to also induce higher service ca-

pacity. In this paper, we investigate the general case of a multiple-server queueing
model, and again find that the separate queue allocation scheme creates more com-

petition incentives for servers and induces higher service capacities. In particular,

if there are no severe diseconomies associated with increasing service capacity, it
gives a lower expected sojourn time in equilibrium when the compensation level is

sufficiently high.
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1. Introduction

Finding the optimal strategy and control policy for a queueing system is a traditional

optimal control problem that is well studied in the literature — e.g. see [2,11–14,19].
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An optimal control problem usually involves making decisions on such system param-

eters as service capacity, the waiting time or the sojourn time spent in the system, and

the number of servers in the system under a specified cost structure (convex or con-

cave). Service capacity is often an important competitive factor in system design —

e.g. in telecommunication networks [6], data transmission systems [13], or Vendor-

Managed Inventory (VMI) [3,18] and other supply chain management [10]. In partic-

ular, current developments in supply chain management emphasize the coordination

and integration of inventory and transportation logistics [4,20]. VMI is a supply chain

initiative where the distributor is responsible for all decisions regarding the selection

of the retailers or agents, which creates a competitive environment for them in the

market [16].

Kalai et al. [13] studied the service capacities of two servers competing for market

share, assuming a Markovian queueing system. Markovian queueing systems are popu-

lar tools for modeling service systems, since they are more mathematically tractable

than non-Markovian queueing systems [6, 7]. Game theory [17] is a popular and

promising analytical approach [1, 5, 8, 10]. Kalai et al. [13] classified the relevant

Nash equilibria into three different cases concerning the cost function and revenue per

customer, with a finite waiting time and a unique symmetric equilibrium in one case.

Although their model is simple, it included two important concepts. The first is the

“competitive game of servers”, and the second is “market share of a server in a multi-

server facility”. Furthermore, when the marginal cost of providing service is “high”,

they found there is a unique symmetric equilibrium and that the total service capacity

is less than the mean demand rate. In such a case, each server actually behaves as if it

were a monopolist, so there is no desirable competition. On the other hand, when the

marginal cost of servicing is “low”, a unique symmetric equilibrium exists and the total

service capacity is greater than the mean demand rate.

In [14], a service network where a coordinating agency is responsible for satisfying

the customers’ total waiting and service time is studied. Two facilities (two servers)

are considered, and two types of allocation policy — viz. a common queue with two

servers, and two separate single-server queues. In some cases, the separate queue

allocation scheme was found to have advantages over the common queue allocation

scheme. In this paper, we extend the model in [13] to allow more than two servers,

and are particularly interested in where the total service capacity exceeds the mean

demand rate. Our analysis indicates that with multiple servers the separate queue

allocation scheme gives more service incentives and induces higher service capacities.

Moreover, when there are no severe diseconomies associated with increasing service

capacity, the separate queue allocation scheme gives a lower expected sojourn time in

equilibrium.

The remainder of this paper is structured as follows. In Section 2, we briefly review

the two-server queueing system in [13] and the service system in [14]. The multiple-

server common-queue model and our analysis of system performance is presented in

Section 3. In Section 4, we discuss the multiple-server separate queue system and


