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1 Direct Use of Infinite-Server (IS) Models

1.1 The Offered Load Approach

Look at how many resources (servers) would be used if there were no limit on their availability.
For many-server queues with time-varying arrival rates, that means looking at the associated
IS model. For the IS model, we look at N(t), the number of busy servers at time t. To a large
extent, the staffing can be done with the mean m(t) ≡ E[N(t)], which is called the offered
load, but it is also helpful to use the time-varying variance. It can also be helpful to do
refinements, such as the modified offered load (MOL) approximations.

For more general offered load approaches to communication networks, see [1, 10, 13, 15].
These fall outside the many-server queue paradigm.

1.2 Nonhomogeneous Poisson Processes (NHPP’s) as Arrival Processes

For the Mt/GI/∞ model, with NHPP arrival process, N(t) has a Poisson distribution with a
mean m(t) that can be conveniently computed; see [2]. The formula for the mean help explain
the physics of the system. The exact Poisson distribution implies that a normal approximation
for N(t) is appropriate. It suggests staffing by the classical square-root staffing (SRS)
formula

s(t) = dm(t) + β
√

m(t)e, (1)

where dxe is the least integer greater than or equal to x and β is a Quality-of-Service (QoS)
parameter; see [8] and the survey [6].

The analysis extends to networks of queues and other complex systems, where the arrival
process at each queue can be regarded as a Poisson process, see [2, 3, 4, 8, 10, ?, 13, 22] for
systems with Mt NHPP arrival processes.

1.3 Non-Poisson Arrival Processes

The same idea applies to systems with non-Poisson Gt arrival processes. To obtain tractable
formulas, we can use heavy-traffic limits for IS models as the arrival rate is allowed to grow.
For the more general Gt/G/∞ model, the heavy-traffic limits show that N(t) is again approxi-
mately approximately Gaussian, where the mean m(t) is the same as for the Mt/GI/∞ model,
but the variance is different. See [18], which draws on [?]. See [19, 20, 21] for results which
allows for dependence among successive service times as well as complex dependence within
the arrival process.

We get a new SRS formula

s(t) = dm(t) + β
√

v(t)e, (2)

where v(t) is the variance at time t, which no longer is simply the mean m(t).



2 Alternative Approaches

2.1 Modified-Offered-Load (MOL) Approximations

The MOL approximations are useful refinements; see the survey [6]. The MOL approximations
use associated stationary models, such as Erlang A, B or C, in a time-varying way. When the
stationary model matches the structure of the real system, the MOL approximations tend to
perform better than direct IS approximations. For more, see [4, 5, 7, 8, 14, 16, 22].

2.2 The Simulation-Based Iterative Staffing Algorithm (ISA)

For a simulation approach that can be applied to much more general systems, see [4].

2.3 Stabilizing the Abandonment Probability

The method to stabilize the delay probability in does not work to stabilize abandonment
probabilities under heavy loads. A new method to stabilize abandonment probabilities under
all loadings is developed in [11].

3 Practical Issues

3.1 Staffing Constraints
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