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function [out] = msrs(B,theta,lambda,mu,N,t)
% B - system capacity

% theta - abandonment rate

% lambda - arrival rate

% mu - service rate

%# N - number of servers

h t - time parameter (for P{Wait>t} etc.)

h-- Part 1
%-- calculating the normalizing constant of the stationary distribution
nrmi = 1;
add = lambda/mu;
for 1 = 1:N-1
nrml = nrml + add;

add = add * lambda/mu/(i+1);

96



end

imdt = nrml; -
prd = (lambda/mu) “N/gamma(N+1) ;

nrml = nrml + prd;

for j = N+1:B
prd = prd * lambda/{(N+*mu+(j-N)*theta);
nrml = nrmi + prd;

end

%~- End Part 1

imdt = imdt/nrml; %imdt - imediate service = P{Wait=0}
busy = prd/nrml; %busy - buffer is fuli = P{Block}
pi_N = (lambda/mu) “N/gamma(N+1)/nrml;

c = N*mu/theta ;

1t = lambda/theta ;

scnd_sum = 1;
coeff = (-1t)"(B-N-1)/gamma(B-N) ;
% The function ik is to be defined according to the performance measure

% beeing calculated.
g

Ik = ik(B-N-1,B,theta,lambda,mu,N,t) :

Ef

H

coaff*lk 3

for n = B-N-2:-1:0



scnd_sum = gcnd_sum + {1%)"(B-N-1-n)/gamma(B-N-n) ;

coeff = coeff*(n+1)/(-1t);

i

Ik = ik{(n,B,theta,lambda,mu,N,t);

Ef Ef + coeff*li*gcnd_sum;

end

Ef = Ef*pi_Nx*c;

output = [B theta lambda mu N t Ef];

[out] = output;
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Abstract

During the recent decades there has been an explosive growth in the number of companies
providing services via telephone, and in the variety of telephone ser;'ices provided. In this
work we focus on telephone call centers that provide information or business services,
customer help desks, and telemarketing centers. Telephone call centers of this type are
large (number-of-agents-wise), relative to other service centers.

The overall challenge in designing and managing a service center is to achieve a balance
between efficiency and service level. Service via the telephone requires a relatively short
response time {seconds), while the number of daily calls to a large telephone call center
can reach tens of thousands. In these circumstances, one must rely on analytical models
to achieve the sought-after balance. A common model for the analysis of telephone call
centers with many servers is the M/M/N/B model, but it lacks an important feature:
in service centers, particularly service via telephone, customers tend to be impatient,
therefore customers waiting in queue might decide to leave (abandon) before their service
begins.

It turns out that the design of a call center using results from the analysis of an M/M/N/B
model (without abandonment) may cause a significant excess in server allocation. The
abandonment of a client hurts the level of service provided, but by abandoning he is also
relieving the workload in the system and improving the service level of the other cus-
tomers. Therefore, it is impuorta‘nt to equip the call center’s designer/manager with tools
which will enable the assesment of the impact of abandonment on service level and effi-
ciency. Abandonment in the M/M/N/B model also adds a "dimension” to performance
measures, and the call center’s designer/manager can acount for "abandoning” customers
in addition to "waiting” customers.

We have analyzed the simplest case, in which the customers’ patience is modeled by an
exponential random variable, independent of the arrival and service processes, and the

state of the system. Assuming independence on the state of the system is appropriate for



service via the telephone, where the queues are "invisible” in the sense that customers
typically have no information about the state of the system (in contrast, for example, to
a bank, in which she customer sees the queue which typically effects behavior). For an
M/M/N/B model with "exponential” abandonment we use the notation M/M/N/B+ M.
We introduce two schemes for exact calculation of performance measures of the M/M/N/ B+
M model in steady state. We continue by focusing on the asymptotic analysis of an
M/M/N + M system, in a regime appropriate for large service centers (many servers,
high efficiency, high service level). Here we assume that the system’s waiting capacity is
uniimited. {This assumption coincides with the prevalent policy of avoiding busy-signals
by allocating a large number of trunks for customers awaiting service}. Our asymptotic

analysis was performed at two levels:

1. For two elementary performance measures - fraction of customers required to wait

in queue and fraction of customers who abandon before their service hegins.

2. The stationary distribution of the stochastic process of the number of customers
in the system. Here we used two different approaches - finding the weak limit of a
series of stationary distributions, and finding the stationary distribution of the weak
limit of a series of stochastic processes. The results in both cases coincide.

In both cases the asymptotic behavior depends on the valies of the system’s parameters,
and their interreia{:ions . .Our prirﬁéry goal iS t.é usethe z.L.s.yfnpto.ti”(;,.remlts as approx-
imations. It is possible to determine which values of the parameters lead to the most
"successful” approximations, and this defines a "sub-model” which is most suitable for
the analysis of telephone call centers with impatient customers. Following the asymp-
totic behavior of this sub-model, we derive approximations for a variety of performance

measures and propose "rules of thumb” for the design of a telephone call center.

11



