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In this study, simulation tools were used for ad hoc
problem analysis such as scheduling agents and skill analysis. First, the frequency of customer calls was carefully reviewed. The call arrival rate for this system varied over
the course of the day. By using the constrained directsearch methods, which included a simulation and integer
programming, the optimal solutions satisfying the designated service level were obtained.

ABSTRACT
An inbound call center of a city-gas company was simulated to examine the proper target of the service level procedures were proposed to find the optimal number of
agents, considering their skills and the scheduling of the
agents to meet the frequency of customer calls. First, integer programming was adopted to obtain an initial feasible
solution. Second, a special-purpose system was designed
and developed to modify planned recesses for each agent.
Then, optimal solutions were obtained by performing
simulation together with direct-search methods. The proposed procedure was applied to a real case in order to confirm its effectiveness.
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THE CALL CENTER OF A CITY-GAS
COMPANY

Toho Gas Co., Ltd. represents the third largest city-gas
provider in Japan, and its service area encompasses three
central prefectures in Japan: Aichi, Gifu, and Mie. In addition to the city gas and liquefied petroleum gas (LPG)
business, the company is also engaged in complementary
activities, such as engineering and business that foster
comfortable living environments. According to the company website, its customer base exceeds 2.1 million, and
the volume of gas sold has topped approximately 3 billion
cubic meters in the business year 2004.
The company has currently nine service centers and
thirteen business centers in its territory. The customer calls
were once received at either a service center or a business
center. Recently, the company has established one call
center to receive customer calls transferred automatically
from service centers or business centers. They have kept
data on the number of calls over the course of the day, the
week, and the season, for the past years. The company
wishes to make their decisions especially based on the
number of agents and working hours for skill-classified
agents.
The overall layout of the call center is shown in Figure
1. In general, the business year and academic year begin in
April and end in March in Japan. Therefore, many people
change their places of residence to make new livings at the
turn of the fiscal year. At this time, the number of calls to
the call center reaches a peak throughout the year.

INTRODUCTION

Call-center managers wish to improve call-center performance, and need powerful decision-making tools to visualize, analyze, and enhance call-center business processes.
The best tools available today to perform these functions
are simulation tools (Anton, Bapat, and Hall 1999).
Several studies have focused on various issues concerned with call centers. For example, large call-center
models were modeled and analyzed by Tanir and Booth
(1999). Performance was measured within the call center
at the service level, which was defined as the percentage of
customers served within some fixed time period, known as
the service level target. The issue of service level was
treated based on the length of the processing time in research by Klunge (1999). Both inbound and outbound
calls were treated and analyzed from the standpoint of the
agents skill by Mehrotra and Fama (2003) and Pichitlamken et al. (2003). Henderson and Mason (1998) proposed
that simulation modeling in conjunction with integer programming be used for staff allocations. Analysis on skillbased routing has been made for online routing of incoming calls (Koole et al. 2003; Mazzuchi and Wallace 2004).
Furthermore, a manager-friendly platform for simulation
modeling was introduced by utilizing Excel spreadsheet
(Saltzman and Mehrotra 2004).
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Figure 1: Overall Layout of the Call Center
The numbers of calls during the business hours are shown
in Figure 2 as three typical seasons: the busiest, the normal,
and the dull seasons. Agents receive inbound calls at the
call center at 8:30 AM through 8:00 PM on weekdays, and
the assignment of shift patterns to agents are set, as shown
in Figure 3. In addition, agents are dispatched, and paid a
salary calculated on the basis of each days of work and on
the degree of their skill. The level of agent skill is classified into three categories: low, middle, and high degrees of
operational performance. Once an agent finishes talking
with a customer, after-call work is required by the same
agent to process and record what the customer is inquiring
about. Specific talk time and after-call work time are
summarized in Table 1 for the three types of skill of the
agents. In addition, the parameters of eligible agents such
as labor time, breaks and wages are summarized in Table
2. These parameters are used to perform resource planning
via integer linear programming for obtaining the initial feasible solution in seeking the optimal solutions.
The flow of calls is illustrated in Figure 4. One generic call center provides a central number in an organization that customers call. This central number feeds 92
trunk lines. If all 92 lines are in use, a caller gets a busy
signal. The simulation models in this study were created
using Arena (Kelton, Sadowski, and Sturrock 2004).

1200

The busiest season
The normal season
The dull season

Numbers of calls

1000
800
600
400
200
0
8:30-9:00 9:00-10:00

10:0011:00

11:0012:00

12:0013:00

13:0014:00

14:0015:00

Time

15:0016:00

16:0017:00

17:0018:00

18:0019:00

19:0020:00

Figure 2: Number of Calls at Typical Seasons
3

PROCEDURE TO SEEK THE OPTIMAL
SOLUTION

3.1 The Procedures
The objective in this study was to minimize the total daily
personnel expenses, satisfying a certain service level target
for the expected number of calls to the call center. A performance measure within the call center is the service
level, which is defined as the percentage of customers
served within some fixed time period, known as the service
level target. For example, in cases where 95% of custom-
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Figure 3: Shift Patterns of Agents
Table 1: Process Times of Agents (in seconds)

5.

Talk Time
After-call Work Time
Agent Skill
Min. Mode Max. Min. Mode Max.
Low (A)
30
240 600
0
480 900
Middle (B)
30
180 600
0
200 900
High (C)
30
150 600
0
160 900

3.2 Integer Programming Model
The problem is to determine the optimal number of each
type of agents necessary to process customer calls. The
overall objective is to minimize the total daily personnel
expenses where the hourly wages are set based on the degree of the skill of the agent. The constraints can be formulated as the expected number of calls in each time interval, say, thirty minutes or one hour. An integer linear
programming problem is a linear program in which all of
the variables are restricted to integer values (Ignizio and
Cavalier 1994). Paid and unpaid breaks are taken into consideration in the problem formulation. The service level
constraints, however, are not considered, because they can
not be estimated in advance. By using a matrix notation,
an integer programming problem may be written as follows:

ers are connected to agents within one minute, the service
level is simply denoted as 95/60. The service level target
must be set before performing the proposed procedures. In
the procedure, constrained optimization is performed because the service level target is a constraint. The procedures
to seek the optimal solution can be itemized as follows:
1.
2.
3.

4.

Compare performance including the total daily
personnel expenses of eligible solutions on all
possible scenarios.

Obtain an initial feasible solution via integer linear programming, as described in section 3.2.
Obtain a better feasible solution by modifying recesses for each agent by applying the proposed
method as described in section 3.3.
Obtain an optimal solution in terms of the minimum number of selected agents by performing
simulation together with constrained direct-search
methods, as described in section 3.4. The recesses
for each agent should be modified before performing simulation.
Repeat Step 3 for all designated agents in turn.

Find x so as to
minimize cx
subject to:

Table 2: Parameters on Agents
Shift Pattern
Agent Skill
Number of Agents
Contracted Labor Time (min.)
Paid Break (min.)
Unpaid Break (min.)
Break Time per 30 Minutes (min.)
Calls Processed per 30 Minutes (min.)
Daily Wages ($)

1

3
4
5
2
A
B
C
A
B
A
B
A
B
x 1B
x 2C
x 3A
x 3B
x 4A
x 4B
x 5A
x 5B
x 1A
510 510
510
270
270
360
360
420
420
25
25
25
15
15
15
15
15
15
60
60
60
0
0
45
45
45
45
5
5
5
1.67 1.67
5
5
4.29
4.29
2
2.31
2.44
2.27 2.62
2
2.31
2.06
2.38
135 138.75 142.50 74.25 76.50 94.50 97.12 112.50 115.62
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Ax ≥ b
x ≥ 0, x integer-valued,

(1)

3.3 The System Adjusting to Planned Recesses of
Agents

where
A = number of calls processed per the unit time interval (m × n matrix)
b = expected number of calls
c = daily wages.

A set of numbers of agents were obtained via either integer
programming or direct-search methods. The specific system was designed and developed to adjust the planned recesses of agents to meet the frequency of expected customer calls in each time interval. This system was
developed by utilizing Excel VBA interface to specify a
series of system parameters more easily. Once both call
arrival rates and the number of agents are inputted into the
designated dialog boxes, the resultant agent schedule can
be obtained immediately. The dialog boxes for inputting
these parameters are shown in Figure 5. As an example,
the expected abilities of both the pre and post adjustment
of the recesses of the agents are compared with the expected number of calls, as shown in Figure 6. It has been
observed that the expected ability after adjustment fit with
the expected number of calls than before adjusting.

A call arrives at a service center
or a business office.

The call seizes a telephone
circuit.

Is a telephone circuit
available?

No

Blocked. End.

Yes

3.4 Constrained Direct-Search Methods

The call is routed to the contact
center.

Is it time between 8:30 and
19:00 on weekdays?

No

Because the specified service level target should be taken
into consideration through the process of optimization, the
constrained direct-search methods may be applied together
with statistical tests by using a simulation interactively. A
variety of numerical techniques for extremizing both onedimensional and multidimensional objective functions can
be applied (Gottfried and Weisman 1973). For example,
the Fibonacci search method may be applied to the former,
and the pattern search method may be applied to the latter
(Takakuwa 1989; Takakuwa 1990).
Suppose that two alternatives are to be compared on a
performance. In this case the two alternatives satisfy the
constraints and statistical tests such as Paired-t Test and
Two-Sample-t Test would be required to show which is the
best alternative.

A recording tape is reproduced:
43 seconds.

Yes

Is agreement reached?

End.

No
Is an agent available?

The call awaits until an agent
available.

4

Yes

APPLICATION

In this section, the proposed procedure is applied to an actual case. The expected number of call arrival rates at the
normal season is summarized in Table 3. After eliminating
redundant constraints, the resultant integer programming
model is shown as follows:

The call seizes the agent with the
longest idle time after the last call
being treated.

The call releases a telephone
circuit and an agent.

Find xij (i = 1, 2, … , 5, j = A, B, C) so as to
minimize
135.00x1A+ 138.75x1B+ 142.50x2C + 74.25x3A +
76.50x3B + 94.50x4A + 97.12x4B + 112.50x5A +115.62x5B
subject to
2x1A + 2.31x1B + 2.27x3A + 2.62x3B ≥ 69
2x1A + 2.31x1B + 2.44 x2C + 2.27x3A + 2.62x3B ≥ 258.5

End.

Figure 4: Flow of Calls
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Figure 6: Expected Ability before and after Adjusting Recesses
Table 3: Call Arrival Rates
Tim e
8:30-9:00
9:00-10:00
10:00-11:00
11:00-12:00
12:00-13:00
13:00-14:00
14:00-15:00
15:00-16:00
16:00-17:00
17:00-18:00
18:00-19:00
19:00-20:00

(a) Inputting Call Arrival Rates

Total

Service Centers Business Offices

SC1 SC2 … BO 1 BO 2
1
0 …
11
12
5
3 …
84
88
4
2 …
68
71
3
2 …
59
61
3
1 …
46
48
3
2 …
58
60
3
2 …
52
55
3
2 …
50
52
3
2 …
53
55
2
1 …
31
32
1
1 …
20
21
1
0 …
13
14
32
18 … 545 569

…
…
…
…
…
…
…
…
…
…
…
…
…
…

Total
69
517
416
362
281
355
325
307
327
190
128
82
3357

2x1A + 2.31x1B + 2.44x2C + 2x4A + 2.31x4B + 2.06x5A +
2.38x5B ≥ 177.5
2.44x2C + 2x4A + 2.31x4B + 2.06x5A + 2.38x5B ≥ 95
2x4A + 2.31x4B + 2.06x5A + 2.38x5B ≥ 63
2.06x5A + 2.38x5B ≥ 41
xij ≥ 0 (i = 1, 2, … , 5, j = A, B, C), integer-valued,
where i represents a shift pattern, and j represents the degree of skill. The resultant solution is obtained as an initial
feasible solution:
Shift pattern 1, Agent skill B: 2 (persons)
Shift pattern 2, Agent skill C: 45 (persons)
Shift pattern 3, Agent skill B: 55 (persons)
Shift pattern 4, Agent skill B: 9 (persons)
Shift pattern 5, Agent skill B: 18 (persons).
(b) Inputting the Number of Agents
Figure 5:
Agents

The total daily personnel expenses is expected to be
13,852.74 ($).
The assignment of the agents to the location of seats
was shown in Figure 1. Starting with the initial feasible
solution (Scenario 1) obtained at Step 1 of the procedure
mentioned in section 3.1, three scenarios (Scenarios 2, 3,

System for Adjusting Planned Recesses of
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3
Service Level
Average : 98/60
8:30- 9:00 : 100
9:00-10:00 : 100
10:00-11:00 : 100
11:00-12:00 : 100
12:00-13:00 : 100
13:00-14:00 : 100
14:00-15:00 : 100
15:00-16:00 : 93
16:00-17:00 : 99
17:00-18:00 : 90
18:00-19:00 : 98

Waiting time (min.)
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Figure 7: Service Level obtained by Performing Simulation
and 4) were obtained by applying the proposed procedure.
The occurrence of waiting is illustrated for Scenario 1 in
Figure 7, and the service level is 98/60 in this case. The
numbers of agents for each scenario and the associated total daily personnel expenses are summarized in Table 4. In
addition, a 95% confidence interval on the service level for
each scenario is shown in Figure 8. A final decision might
be made, by reviewing the results of multiple scenarios.
Scenario 3, for example, could be selected because of the
minimum daily personnel expenses, whereas Scenario 1
might be selected because of the highest service level
among all eligible scenarios.
5

Table 4: Summary for Each Scenario
Agent Type
Scenario 1 Scenario 2 Scenario 3 Scenario 4
Shift Pattern 1
2
2
2
2
Agent Skill B
Shift Pattern 2
45
41
45
45
Agent Skill C
Shift Pattern 3
55
55
50
52
Agent Skill B
Shift Pattern 4
9
9
4
9
Agent Skill B
Shift Pattern 5
18
18
18
14
Agent Skill B
Total Number
129
125
119
122
of Agents
Total Expenses ($) 13852.7 13282.7 12984.6 13160.8

CONCLUSIONS

100.0

A simulation model of an inbound call center of a city-gas
company was constructed and used to examine the service
level target. A special-purpose system was designed and
produced to modify the planned recesses of the agents to
meet the frequency of customer calls.
A stepwise procedure of operations planning was proposed to minimize the total daily personnel expenses, by
performing a simulation together with integer programming and the constrained direct-search methods. The initial solution was obtained by solving the integer programming problem, and the service level was evaluated by
performing the simulation. It is found that the proposed
procedure is applicable and effective to the real situation.

Service Level
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Figure 8: 95% Confidence Interval on the Service Level
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