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Abstract: Staffing is the basis for scheduling in call center. The commonly used Erlang A model
assumes that service time follows an exponential distribution, while the actual service time of some
call centers is closer to a lognormal distribution. In order to determine more reasonable staffing when
service time is fitted to a lognormal distribution, in this paper, discrete event simulation is used to
solve the problem of the minimum number of agents under a certain service level constraint. Then,
through the case application, the minimum number of agents per hour from 8:00 to 22:00 in a day is
obtained. The change trend of the minimum number of agents with the number of calls is analyzed.
This is of great reference value to the staffing of the call center.
1. Introduction
Call center is an important channel for enterprises to communicate with customers and is widely
used in many fields. Many enterprises have set up call centers in order to provide effective service to
customers. According to the customer's psychology, the customer wants to be served quickly, but for
call center, in order to quickly respond to the customer's call, it needs enough agents to serve. About
70% of operating costs is attributable to personnel costs in call center, therefore, it is particularly
important to make the number of agents as small as possible under the condition of a certain service
level. In addition, staffing is the basis of scheduling in call center, it is of great practical significance
to allocate the number of agents as economically and efficiently as possible on the premise of meeting
requirement of service level. Where service level is defined as the proportion of the number of calls
that respond in 30 seconds to the total number of calls.
Call center is often modeled as queuing systems, which are used to estimate system performance in
order to calculate personnel requirements to achieve expected service performance. The most
common queuing model is Erlang C model [1, 2]. It is assumed that, in a steady state conditions, the
arrival process is Poisson distribution, the service time is exponential distribution, customer and
server is independent. It did not consider the customer's patience. Many researchers [1, 2] advocate the
Erlang A model, which took customer's patience and abandonment into account on the basis of Erlang
C, it’s more practical. Both Erlang C and Erlang A models assume that the service time is
exponentially distributed, according to the actual data of call center, in some of call centers, the actual
service time distribution is not fitting for the exponential distribution. Rouba Ibrahim et al.[3] used
actual data to fit the service time distribution, not exponential distribution. Lawrence Brown et al.[4]
made a statistic analysis on the data of call center, found that the distribution of service time can better
fitting with lognormal distribution. Luo yimei et al. [5] collected and analyzed the service time data of
a call center, by using Anderson Darling test method to compare and analyze the statistical
distribution of four possible service time, it is concluded that lognormal distribution can better reveal
the distribution characteristics of service time.
This paper analyzes service time data of a small and medium-sized call center and finds that the
service time is fitted as a lognormal distribution. In order to solve the staffing problem when the
service time distribution is lognormal distribution, a discrete event simulation method is proposed to
calculate number of agents. Discrete event simulation has also been applied by many researchers [6,7].
Therefore, it is scientific to use discrete event simulation.
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2. Problem description

Number of calls

Within a day, number of calls is different at different times of the day. Our data set comes from
small and medium-sized call centers that provide services for electronic products. We selected a large
group and counted number of calls in every hour on a given day, as shown in Fig. 1. We can see that
there are two peaks of call arrival in a day, the first peak is around 12:00, and the second peak is
around 15:00 in the afternoon. Due to the change of inbound calls, number of agents is also different
for each period of time.
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Fig. 1 Number of calls in every hour for that day
In fact, the distribution of service time is not exponential, but lognormal. We conducted K-S test
for exponential distribution and lognormal distribution of service time respectively, and the P values
were 0.002 and 0.2, respectively. Therefore, the service time is lognormal distribution, but not
exponential distribution.
In this case, calculation formulas of various service performance indicators of Erlang A are not
applicable. The simulation method can model the service time and various random factors. Therefore,
under the condition of lognormal distribution of service time, this paper applies the simulation model
to solve the problem of the minimum number of agents when expected service level is met.
3. Simulation model and method
3.1 Simulation model
This paper studies such a queuing model, which is described as follows: Call arrival is a Poisson
distribution with parameter λ, so arrival interval is an exponential distribution with parameter λ.
Customers arrive in the system and queue up for service. System has m agents, service time S is a
lognormal distribution, lnS~N(μ, δ2). Incoming calls enter the system. If at least one server is idle, it
will be served immediately. Otherwise, it will enter the queue and wait for service. In the process of
waiting for service, customers will leave the system due to their impatience, and customer's patience
time P is an exponential distribution with parameter θ. The processes involved in the system are
independent of each other and the rules of service is First come First served (FCFS). The routing rule
is the first to route to the agent with the longest idle time.
3.2 Discrete event simulation
Discrete event simulation model is widely used in research of various queuing systems. The steps
of this simulation experiment include: drawing the working flow chart of the system, determining the
arrival, service, patience and queuing models which constitute the simulation model of discrete event
system, writing a running program and execute it on a computer. Because it involves many random
numbers produced by discrete time simulation, only one simulation experiment cannot accurately
describe on the performance of queuing system, therefore, at the same time of input parameters, 1000
simulations are carried out, and then, we calculate the average service level for 1000 simulations,
which is the real service level. The simulation time unit is seconds.
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4. Case application
We selected a large group from data set and conducted statistical analysis on the data of the group
from 8:00 to 22:00 on March 27, 2013. Firstly, we calculate number of calls per hour, as shown in the
Table 1. Secondly, we conducted distribution fitting and parameter estimation for the service time of
agents. The service time of agents follows lognormal distribution, that is, lnS~N(4.9792,0.94842).
Finally, distribution test and parameter estimation of customer's patience time are carried out. The
patient time of customers is an exponential distribution with a parameter of θ=0.02135.
Table 1 Number of calls per hour
Time
8:00-9:00
9:00-10:00
10:00-11:00
11:00-12:00
12:00-13:00
13:00-14:00
14:00-15:00

Number of calls
31
49
67
81
49
41
86

Time
15:00-16:00
16:00-17:00
17:00-18:00
18:00-19:00
19:00-20:00
20:00-21:00
21:00-22:00

Number of calls
76
56
58
34
37
24
28

We use discrete event simulation to calculate service levels corresponding to different number of
agents in each period. Therefore, we can obtain the minimum number of agents per period when
service level is not less than 80%, as shown in the Table 2 and Fig.2.
Table 1 Number of agents and service level per hour
Time

Minimum number of agents

8:00-9:00
9:00-10:00
10:00-11:00
11:00-12:00
12:00-13:00
13:00-14:00
14:00-15:00

Number of
agents
3
4
5
6
4
4
6

Service
level
0.8350
0.8115
0.8161
0.8272
0.8156
0.8741
0.8012

Time
15:00-16:00
16:00-17:00
17:00-18:00
18:00-19:00
19:00-20:00
20:00-21:00
21:00-22:00

Number of
agents
6
5
5
3
4
3
3

Service
level
0.8536
0.8712
0.8633
0.8032
0.8976
0.8990
0.8638
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Fig. 2 Minimum number of agents per hour
As can be seen from the results, when the service level is not less than 80%, there are also two
peaks in the number of agents corresponding to the two peaks in the number of calls. One peak is
around 12:00 and the other peak is around 15:00, and 6 agents are needed for service.
In order to better arrange actual staffing, we did a sensitivity analysis and got the number of agents
corresponding to different number of calls under the condition that service level is no less than 80%,
as shown in the Table 3 and Fig. 3. As can be seen, when the number of agents is 1 and the number of
calls is 6, an increase of 13 calls requires an increase of 1 agent to meet the service level. When the
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number of agents is 7 and the number of calls is 101, an increase of 20 calls requires an increase of 1
agent to meet the service level. Therefore, when the number of agents is small, in order to meet 80%
of service level, the number of calls has a great impact on the number of agents.
Table 2 Number of agents required for different number of calls
Number of calls

Number of calls
85-101
102-119
120-137
138-153
154-174
175-192

Number of
agents
7
8
9
10
11
12

14
12
10
8
6
4
2
0
1
11
21
31
41
51
61
71
81
91
101
111
121
131
141
151
161
171
181
191

Minimum number of agents

1-5
6-18
19-34
35-49
50-66
67-84

Number of
agents
1
2
3
4
5
6

Number of calls

Fig. 3 The number of agents required for different number of calls
5. Summary
A large part of the cost of the call center is spent on labor costs, so it is very important to determine
number of agents in call center. When the service time of the call center is lognormal distribution, in
the case that the service level is not less than 80%, this paper adopts the discrete event simulation
method to solve the problem of how many agents are needed at least per hour from 8:00 to 22:00.
Finally, the change trend of the minimum number of agents with the number of calls is analyzed. This
is of great reference value to the staffing of the call center.
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