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Reactive personnel planning application was designed to give to a company a better service level than their current situation, 

according to their own performance indicators. The purpose is also to keep the level of personnel modifications low during 

the day, in order to the advantage in the best way of the workforce skills. A genetic algorithm was used to provide solutions 

in response to unexpected external factors such as staff absenteeism and demand variations. A variety of scenarios were 

made with different possible values that can take these variables in order to assess how the proposed application responds. 

In addition to this, the objective of the validating of the results obtained was solved with the proposition of  different 

instances in order to show the true impact of the solution proposal based on the country's Call Centers operation. On the 

results will be shown an improvement of the service level against the indicator of the company of +/-3%; without scarifying 

the level of personnel modifications presented that also is best, reducing this number on a rate of 15%. 
 

 

1.1  Justification of the project 
 

A Call Center can generally be defined as a set of people, resources and telecommunication equipment, which 

deliver a variety of services through telephone, from customer service and assistance to emergency services 

and ordering (Gans, Koole & Mandelbaum,2003).  Thus, the first contact that customers have with the service 

provider makes it relevant for companies to communicate with their claimants (Brown, Gans, Sakov. Shen, 

2011). In Latin America, Colombia is one of the countries with more participation in the Call Center services 

market, generating 2.8% of gross domestic product with an income of $8730 million pesosand exports around 

the $700 million, where consumption from the United States and Spain prevails. Since 2017, there has been a 

cumulative growth of 11.5% and it is expected to reach $1604 million by 2020 ("BPO sector figures in 

Colombia,” n.d.).  This growth also impacts employment, because in 2018 it generated 22,000 direct jobs, 

especially among people between the ages of 20 and 33, mostly located in the cities of Bogotá (43%), 

Antioquia (16%), Valle del Cauca (8%) and Atlántico (5%) (Money Magazine 2018). The success of the Call 

Centers is evident with a constantly growing market due to the diversity in their offering services and their 

wide field of action and applicability. However, companies are facing high competitive markets nowadays, 

therefore they are forced to work on improving the efficiency of their services, in addition to service quality 

(Dietz, 2010). 

It is important to acknowledge that the most valuable resource in call centers is the workforce, as it is the one 

who has direct contact with the customer and also represents about the 70% of the operating costs, so the 

optimal economic flow is determined by its correct administration (Dietz, 2010).  It is clear that there is a 

demand for services in this field, wide and diverse, which is why companies are constantly exposed to dealing 

with variations in demand and workforce overtime in the multiple categories of services they provide; this is 



why companies seek to employ a workforce that has both, cross-training and flexible time, and thus be able 

to cope with those fluctuations 

in demand.  However, it is very 

complicated and expensive to 

train all agents in each service 

category, so partial cross-

training is the most common 

alternative, even if it slightly 

reduces the operations to be 

optimized (Taskiran & Zhang, 

2016). 

 

In this way, it is important for 

managers to have knowledge, 

skills and tools to make the 

assignment and modifications of 

the staff schedules, so they can, at least, keep up the levels of service, considering the large volume of 

information, variables and complex relationships between them  (Browse2015).  Call Center Metrics has 

developed certain indicators that evaluate the performance of a call center, which gives a value to relate with 

a previously set goal; the Service level or Call SLA (Service Level Agreement). The SLA is the second most 

important performance indicator, which determines the percentage of calls that are answered and the time in 

which the action is performed; located behind the customer satisfaction indicator (Efiempresa 2017).  

Therefore, the service level indicator depends on the speed of the employee in answering calls and the ability 

of the management to allocate and relocate the necessary personnel according the demand fluctuations. 

In order to support the aforementioned indicators, call centers have been a fertile area for operations 

management researchers across multiple domains, including forecasting, capacity planning, queueing theory, 

and scheduling staff or shift scheduling; in addition to the implementation of advanced telecommunications 

and information technology. Most of studies on this field aimed at the standardization of many of its processes, 

more specifically involving client-employee interaction, which allow the improvement of the speed factor in 

calls, leaving the reactive allocation of personnel as an area of emphasis for research. (Zeynep,Mor, Vijay 

2009). 

 

1.1 Problem Statement 

 

Currently, most call centers develop a workforce schedule based on a demand forecast from historical 

company data.  Taking into account this static structure and the high variation of demand during the day, we 

perceive necessary the development of tools that allow call centers to reorganize their workers and their 

service, in an almost instantaneous way, so managers can respond to the changes presented in the demand of 

their different services and the unforeseen events that their own planned workforce can generate. The 

complexity of this project relies on generating programs with low computational time that contribute to cover 

the demand, taking near optimal decisions against the different possible actions and the way to execution. 

The following are the possible course of actions: 

 

• Reorganize areas: Reassign employees from areas with low demand to those, which require 

additional workforce, on the basis on the skills needed. 

• Overtime allocation: Request employees to continue working in periods of high demand. 

• Moving strips: Defer or advance reserved timeslots for breaks or lunch, due to current high demand 

or foreseen demand. 

Figure 1. Diagram of participation on the market of the Call Centers(“Cifras Del Sector 

BPO En Colombia” n.d.) 

 



 This project is focused on developing a quantitative 

optimization model for personnel scheduling, taking into 

account elements such as demand forecast of different 

areas, workforce skills, programmable and non-

programmable shifts of each employee and the capacity of 

workforce to take the best decisions in such a way that the 

call center is able to timely respond to demand fluctuations; 

aiming to contribute to the development of this sector at the 

national and international level, and thus helping this sector 

to boost employment generation and high economic 

growth. 

 

 

2. Literature Review 

 

The operations optimization applied to staff scheduling has been a widely studied field over the past five 

decades, associated mainly with airlines, airports, care centers and hospitals. Classic staffing programming 

issues basically focus on allocating shifts and worker breaks to meet a deterministic demand and also 

minimizing the total cost of operation in the different types of industry. For instance, the nurse scheduling 

problem (NSP) in health service providers is a NP-hard problem focused on assigning nurses to the different 

areas and shifts according to urgencies. Rias, Bautista Meneses (2015) report a literature summarizing how 

solutions are given to those kinds of problems and which methods are the most efficient.  As a result, the 

most commonly used models are the complete linear programming models, followed by the multi-target 

models, with a combination of heuristics and exact techniques, being the genetic algorithm the main 

protagonist. 

 

Another case is presented by Adriana Canseco, Diana Sánchez (2016) who designed an application using 

linear programming that assigns class schedules to teachers in a Mexican educational institution. In this case, 

there were courses of five specialties each with six semesters, and the authors had to take into account aspects 

such as the compatibility of the teacher's profile with the material of each course, the assignment of classes 

in the morning schedule, the non-generation of collisions between schedules and the condition that a single 

teacher can be in charge of a course in a single period and in a single classroom. The objective was to 

maximize the number of courses scheduled and offered for this case, a linear programming model was solved 

by the branching and dimensioning technique available in LINGO® 10 software. Results were successfully 

validated for the 2013 and 2014 cycle, reducing the time of assigning schedules from 320 hours to 4 seconds. 

 

On another application field, Abdoul Soukour, Devendeville, Lucet, & Moukrim (2013) tackled a security 

service staff scheduling problem of an airport, taking into account days off, shifts and staff assignment. For 

solving the problem, two algorithms, a greedy algorithm and a global allocation algorithm were used, coupled 

with an iterative algorithm of destruction/construction to improve the solution, in order to minimize the sum 

of costs weights associated with overtime hiring, cost of not meeting weekly minimum hours, cost of worker 

dissatisfaction and insufficient coverage cost. Results show that the destruction/construction algorithm 

showed greater efficiency compared to the offered by planning operators. 

 

Particularly in call centers, the simplest problem refers to scheduling homogeneous agents that only answer 

one type of call and with deterministic demands. Ma & Liu (2012) addressed a problem of scheduling agents 

of a call center that works 24 hours a day using an adaptive genetic algorithm. The authors worked with a 

predicted demand for every 30 minutes and 187 workers that must be organized and grouped into teams 

between 8 and 17 to meet demand in the given period. To solve the problem, a mathematical model was first 

used in which the objective was to minimize the gap between the forecast and the actual workload in each 

time period. Then, the same problem was addressed by means of a genetic algorithm. Results showed that 

the latter method approaches the optimal solution with a higher speed, so it represents a better effect on the 

resolution of the problem mentioned. 

Figure 2. Reactive programming balance 



 
Subsequently, it was important to model the abandonment, impatience and maximum queue time of 

customers in the call centers, further complicating the classic problem mentioned above, as queue and system 

times directly influence performance of the proposed solutions. Mandelbaum & Zeltyn (2009) mentioned 

that the problem of arrival and call handling can be modeled as an M/M/n +G queue, with distributed Poisson 

arrivals, exponential service times, patience times and a finite number of servers. The problem was tackled 

as a constraint satisfaction problem, where the minimum number of staff is chosen according to a proposed 

cost constraint, the built-in cost of abandonment, average waiting time and probability of remaining in line, 

depending on costs. Several operating regimes are shown as optimal asymptotically. 

 

Similarly Excoffier, Gicquel, & Jouini (2016) worked on the problem of scheduling workers' shifts in a call 

center, under uncertain demand forecasts, in order to optimize compensation between labor costs and the 

Service level provided, where call arrival rates are modeled as separate random variables. The problem is 

formulated as an equivalent linear program of large integer sizes considering only one type of call and a 

single skill for workers and periods of 15 min and 60 min duration. The Service level is measured by the 

number of customers leaving the waiting line before being served. The objective function was minimizing 

recruitment costs and the constraints specified a minimum Service level to be met. The decision variable was 

the number of workers to hire for a certain shift, although the problem took into account other real constraints 

such as the number of maximum and minimum hours to work, rest days and lunch hours. Results showed 

that the proposed model performed well during implementation, and the authors proposed the correlation 

between prognosis errors as a relaxation factor for future research. 

 
There are other problems associated with call centers that have recently been studied, which take into account 

the variety of services demanded in the market, the scarce resources available to the organizations that 

provide such services and how companies respond to these conditions, for example, working with cross-

training in most cases, because that allows workers to be trained in different services and can switch between 

operations to improve productivity. When considering such conditions, the assignment of cross-training is 

included to the set of decisions that are intended to optimize. Within these new problems there are two 

variations: cross-training in a single period and cross-training in multiple periods.  The first works at constant 

arrival rates and the second involves variable rates and aims to assign the skilled workforce to groups on a 

planning horizon (Kilincli Taskiran & Zhang, 2017). 

 

Kilincli Taskiran & Zhang (2017) developed a multi-period cross-training policy, using two-phase integer 

programming. The first phase sought the optimal combination of the trained workforce by category and 

periods time in which they were deployed, and the second phase sought to schedule weekly schedules. 

Simulations showed that this phase method was much more efficient, computationally speaking, and it was 

concluded that partial limited training, 30% of employees with two skills, resulted in considerable savings 

and that beyond a threshold provides few benefits. 

 

Ahghari & Balcioglu (2009) studied the programming of assistants in a single-term call center, developing 

an algorithm that minimizes the amount of personnel used, satisfying minimum performance constraints by 

classes. The authors concluded that using agents that have only two appropriately combined skills 

performance is almost equal to using agents with all the skills. 

 
From the literary review, it can be concluded that the reactive scheduling of personnel in a call center is a 

case study that has not yet been studied thoroughly.  This problem differs from those found in the literature 

review because its execution has to take place in the middle of the operation, with a shorter execution time. 

In addition, the reactive schedule has to work with even more limited resources, because it depends on a plan 

already proposed. Another difference is that, to solve this problem, it is proposed to use a multi-purpose 

function, which integrate in the best way the most decisive factors, in order to find solutions that best suit 

environment of uncertainty, this is the problem that will work on this research. 

 

 

 



The following table reports a summary of the literature review and the main characteristics we found in the 

problems reviewed. 

3. Objectives 

The general objective is to propose and develop a reactive method of personnel planning for call centers in 

order to respond to unexpected changes in demand and maximize the Service level, the main indicator of 

operation. This general objective can be divided into the following specific objectives: 

● Analyze call center data to define accurately the problem and its respective model. 
● Identify the different optimization techniques that could solve the problem. 

● Develop and implement the modeling method by providing a solution to the situation presented. 

● Simulate scenarios and evaluate results. 

 

4. Current Scenario of Axa 

Our study case focuses in Axa Seguros,  a French multinational organization that provides insurance and asset 

management services. As an insurer, it has a risk center that provides the services of Call Center, where it 

receives each call and manages the respective cases.  Calls can be received from independent customers, or by 

customers to which Axa provides with insurance, even though their contract is with a company. According to 

Title / Authors 

Included Aspects 

Multi-goal 

function 

Reactive 

approach 

Application of  

Metaheuristic 

Models 

Personnel 

scheduling  

problem. 

Reactive programming of loading and unloading 

crude oil of different types.  (Panda & Ramteke, 

2020) 

X X X  

An exact algorithm for a workforce allocation 

problem with application to an analysis of cross-

training policies(Brusco, 2008) 

X   X 

A perturbation matheuristic for the integrated 

personnel shift and task re-scheduling problem 

(Broos Maenhout a,,Mario Vanhoucke) 

X X X  

Optimizing task assignment and programming of 

knowledge workers based on ant colony algorithm/ 

Particle Swarm  (Chen & Long, 2019) 

X  X  

Solving the call center agent programming problem 

using an enhanced adaptive genetic algorithm (Yue  

ma  ; Lieli  Liu) 

 X X X 

Hospital-wide reactive scheduling of nurses with 

preference considerations(Bard & Purnomo, 2005). 
X X X X 

Genetic algorithmic approach for security 

personnel scheduling. 

(Adamuthe et al., 2012) 

X  X X 

Predictive / Reactive Planning and Scheduling of a 

Surgical Suite with Emergency Patient Arrival 

(Heydari & Soudi, 2016) 

X X X  

An indirect Genetic Algorithm for a nurse-

scheduling problem (Aickelin & Dowsland, 2004). 
X  X X 

Table 1. Main characteristics literature review 



the contracts, and estimates of requirements, Axa assigns a group of workers to each contract or group of 

contracts. Consequently, the company's physical facilities are also organized in such a way. There are two 

main contracts Axa  has with two big companies and other small contracts that Axa groups for the operation 

into one group. Having that in mind, we will work with the following clients: 

 

- Client 1: Axa's main contract is composed of the largest group of workers. 

- Client 2: Is the second main contract of Axa. After the Client 1 is the one that is most assigned workers. 

- Client 3: This category comprises the group of minor contracts, along with independent contracts, which 

are assigned to a single team of people. 

 

Description of the flow of a case: Cases are processed to meet the specific need of a client. They start when 

the latter requests by a call(the call service do not have different channels of communication yet) a service from 

some company that hires AXA. Each phone call that arrives passes through a flow in which different workers 

participate. As mentioned, for each contract, or group of contracts, a group of people is assigned, each of whom 

is assigned a task in the call flow; concept that is called skill. The flow that takes the highest percentage of calls 

consists of the following skills (one call has to pass thorough each skill once): 

Front: The person who answers the call, checks policies and coverages, and gives a case to the system. 

The call is finished at this point. (Is considered the most important stage, as it determines whether or not 

a new case is in) 

At the time of creating a case, the system automatically iterates between the different providers that can respond 

to the request for the call. 

Coordination: The person in charge of aligning the action plan with the supplier contacted by the system.  

When contacting a supplier, it gives the system an hour in which it will reach the point to cover the 

urgency, and in parallel, the system to send a message to the customer. 

Follow-up: The person who is waiting to verify provider compliance. A call is made at the promised time 

to verify assistance. If the provider has not arrived, periodic calls are made until compliance.  

Conclusion: The person in charge of concluding performs the process of closing the case, generating and 

collecting invoices.  They communicate with the customer to close the case, verify compliance and 

satisfaction according to the need. 

Without being part of the call flow, each contract also counts with those skills: 

Monitor: The person responsible for supporting the tasks of the advisor, besides taking any position 

within the flow of calls as the last resource. 

  Conclusion 

 

Verifies service 
compliance. 

Executes performance 
assessment. 

Closes the case. 

 Follow-up  

 

Reviews the current 
status of the case. 

Reports in case of 
inconsistencies. 

 Coordination 

 

Links the customer's 
case to a company that 
provides the required 

service. 

 Front 

 

Receives the initial call 
from clients. 

Records case information. 

Figure 3. Flow of a call 



Advisor: Person in charge of coordinating and supervising the management, and operation of the 

respective contract or group of contracts. 

 

Operation of the center: At the beginning of the day, each worker is assigned to one contract, in a specific 

skill. It is also important to know that before starting to work in the company, they go through a series of 

trainings and general courses of all skills; therefore, each worker can perform the tasks of the different skills of 

their assigned contract (Client 1, Client 2 or Client 3). Taking this into account, over the course of the day and 

considering the behavior of tje external factors that will be explained below, the contract advisor has the 

additional task of modifying the skills of the available workers when the operation needs it, seeking to fulfill 

the tasks and calls of the group. These skills’ changes are common and, although they do not have a strict order 

of re-assignment, they were taken for the job development, the most common staff flow that the advisor makes 

use of.  (Parameter 4/Problem Modeling) 

It is noteworthy that this decision-making process is quite complex, as the Advisor must evaluate the current 

performance of a skill, determine whether demand exceeded the forecast and affects performance, if so, then 

he should review the performance of the other skills to be able to know if it is possible and feasible to take 

workers of another skill, in order to react and make the change for a certain period. During the whole process, 

the Advisor must act in a short period of time; if it takes longer, the change will no longer have a positive effect 

on the performance, since the peak demand may already be ending. This scenario can be presented when several 

skills at the same time complicating the decision even more. The optimization of this process is the one that is 

proposed in this document, with an application that is faster and more efficient when it comes to dealing with 

changes in the operation of the call center. 

 

External Factors: The group´s advisor is seen in the dynamics of reassignment of personnel in response to 

unexpected behaviors, which are mostly because of two factors: 

Absence/Late Staff Arrivals: Lack of expected staff to comply with cases is one of the factors that force 

the advisor to make changes to his team's skills to cover the positions of missing people. 

Demand fluctuations: The behavior of the calls, although it is estimated by means of a forecast from 

the one the organization network is carried out; suffers continuous changes according to the day, the 

time and the epoch, depending on unpredictable elements that are external to the operation, therefore, 

in the presence of abrupt changes in demand, the advisor makes the modifications that he considers 

relevant. 

To give an example, Client 1, the largest contract, has an average demand of 20-21 cases per hour with an 

average variation of 27%, and peaks in days of up to 23 calls / hour and 80% of average deviation. This example 

highlights the high degree of uncertainty presented by the demand that the call center faces, because in the other 

contracts are similar situations. 

 

Figure 4. Demand behavior example 



Performance measures and their implications: As presented in the justification, the main indicator to 

measure performance is the service level, corresponding to the number of calls that Front manages to answer 

at the rate of those that enter to the call center. If this indicator is not good, the company will have to pay a 

clause, that´s why it constantly keeps track of the Service level during the day. In addition, an indicator that´s 

not currently quantified in the company but has an internal performance measure according to which the daily 

planning of personnel is sought without major modifications and that the worker spends as much time as 

possible in the skill to which he/she was initially assigned, is the Percentage of Modifications during the day. 

As it was mentioned, in the literature review it was taken in investigations to measure the difference between 

the initial solution and the changes caused in the reaction. 

 
5. Problem modeling 

The way in which the problem was modeled is shown below. 

Note: For the problem, a day is sliced in periods of 15 min and we will be focused in run one day of the 

operation. 

 

Sets 

I: Skills 

J: Contracts 

K: Periods 

 

Decision Variable 

 

X:  Number of  workers  assigned  to  the skill i of contract j in period k. 

 

Parameters and constraints: 

The parameters presented are factors that the company has control of and can make use in the way they prefer. 

Those presented by the company were used to develop the model.  

 

1. Number of periods since Front answers a call and the i skill must participate: As it was shown, each 

case have to follow a flow, the first skill in the flow is front who take the case by a call, then other 

skills need to participate in the case, but not immediately, they need to wait until the case is processed 

by the last skill,; then is presented below the number of lag periods since front takes the call until 

each other skills should take the case(call).  

 
Skill (i) Periods 

Front 0 

Coordination 3 

Follow up 4 

Conclusion 20 
Table 2. Parameter 1 

2. Calls attention rate based on skill: Number of cases one person can attend in the skill i, in one time 

period. 

Skill (i) Cases/Person/Period 

Front 2 

Coordination 2 

Follow up 5 

Conclusion 1 
Table 3. Parameter 2 



3. Maximum number of periods that the skill i can postpone its responsibility in the call´s flow. , it’s the 

number of periods that a call(case) can wait since each skill need to take it in the flow, if a case wait at 

least one period more than the maximum period, this case will be lost to the cente: 

 

Skill (i) Maximum Periods 

Front 1 

Coordination 2 

Follow up 4 

Conclusion 32 
Table 4. Parameter 3 

Example of the parameter: According to the aforementioned parameters, after entering a call to Front and 

creating a case. Follows the person in charge of coordination (Parameter 1),who must carry out the call 3 

periods ahead, but in case there´s no staff available to coordinate, what shows us parameter 3 , is that the 

activity  can be postponed, in this case, up to 2 periods. If it is not met in the highest rank, the case will 

be lost. 

4. Current personnel assignment path: If it is required to make changes between skills, depending on the 

skill required by additional staff, then a search among other skills is performed as follows: 

 
Skill (i) First skill to look for Second skill to look for Third skill to look for 

Front Follow up Coordination Conclusion 

Coordination Conclusion Follow up Front 

Tracking Coordination Conclusion Front 

Conclusion Follow up Coordination Front 
Table 5. Parameter 4 

5. Worker’s Schedule of the Day: A matrix that shows the schedule each worker must meet, their initial 

skill, and the contract assigned to. 

 

6. Demand Forecast: Company-shared forecast of the number of incoming estimated calls for each 

contract per hour. 

 

7. The minimum number of periods a person must remain on a skill after they are reassigned: 4 periods 

= 1 hour 

 

8. Upper limit of accepted demand: Represents the maximum demand point to which a High demand is 

considered. By exceeding this threshold, the proposed application will take the action of React, procedure 

explained below. 

 
• Stochastic variables  

In order to simulate an uncertain environment such as the call center real case, we propose a simulation 

based on two stochastic variables: 

Demand Deviation: This variable is used for the purpose to generate independent demands during a day, is 

used a random number and the Uniform inverse function. For that reason the demand is within a default 

range depending of the uncertain level of the day and based on the company forecast for those periods, the 

formula used is shown below(Inverse uniform probability function): 

a= Forecast for period * ( - Demand Deviation) 

b= Forecast for period * (+ Demand Deviation) 

RND=Random Number between 0 and 1 

Demand =a+(b-a)*RND 



Absenteeism: A variable that determines the percentage of workers who attended to work in the day to 

simulate. 

• Multi-objective function 

 

The model tackles a performance assessment through the following objectives: 

 

Global service level: This indicator seeks not only to affect the unanswered calls, but also the tasks not 

performed as presented in parameter 3 by each skill in the call´s flow. The proportion of cases not treated 

at each stage of the case solution is weighted to consider them in the total performance of the operation, 

both the cases, real time and the accumulated cases not attended, are measured. 

 

Percentage of changes: Number of modifications that are made. A change or modification happens when 

the advisor must reassign a worker to another skill. This value is divided by the number of periods in a day 

to get an indicator. 

 
6. Proposed approach 

 

The reactive model behavior 

There are two key elements in the creation of working schedules: a predictive part that plans the operation from 

start to end of the day, in this case the schedules and skills of the workers in each period of the day. A second 

element is the reactive part of the system, where the performance of the predictive organization and the system 

is evaluated in order to detect and deal with unexpected events during the operation. In this way, a reactive 

scheduling scheme attempts to repair the predictive schedule and does not necessarily provide an optimal 

performance against future events (Farrokhi et al., 2014). 

Based on the justification of the problem, and as presented in the objectives, a reactive application for the 

assignment of personnel was developed. The application modeling presented above is developed as follows. 

Scenarios were created with different ranges of values that stochastic variables could take (Absenteeism and 

Variation of Demand). It means, with the percentage granted to absenteeism, missing absentees are randomly 

allocated in the different positions of the day and, with the percentage of demand deviation entered in the 

scenario, a simulation of the number of calls in each range is performed as follows: If the variable "Demand" 

is assigned with a deviation of 50%, the demand in each range is a random value between the range -50%, 

+50% of the initial demand forecast(With uniform distribution as was explained above). For each replica of 

each scenario developed, the application goes through the following two phases: 

1. Initial plan(R1): At the start of the day, the advisor is expected to enter the value predicted for 

absenteeism for that day, according to the failures anticipated or perceived late arrivals. Based on this 

value, a first solution is 

generated according to the 

model applied (Section: 

Description Proposed 

Models). The solution seeks, 

during the day, to carry out a 

good Service level with as 

few modifications as 

possible by the advisor. As 

an initial reaction, the 

proposed model evaluates 

how absenteeism or late Figure 5. Reactive scheduling vs Classical Scheduling (Farrokhi et al., 2014) 



arrivals impact the expected demand of the day. To evaluate the possible solutions in the model, 

simulations of deterministic demands are done according to the forecast shared by Axa, considering 

that it is the start of the day and it is possible that the deviation of the demand was not previewed.  

 

2. Reactions over the course of the day(R2): Once the day starts, the simulated demand is evaluated 

period by period against the demand forecast. In case the demand exceeds the predefined upper limit 

in parameter  8, the application reacts, which means that a new solution is generated according to the 

applied model  (Section: Description Proposed Models). The solution grants a new organization that 

anticipates a very high demand in the next 2 hours(Value presented as Axa as the maximum period 

that lasts a demand peak)  and seeks to reduce the impact on the service level or sacrifice the number 

of modifications to be made by the advisor. To evaluate the possible solutions in the model, simulations 

of a stochastic demand are done, generating one possible demand according to: the forecast, the 

deviation of the scenario, and the demand that makes the applicative react. With this possible scenario 

of demand, the purpose is to assess each candidate solution as will be explained.  

 
7. Description Proposed models 

To give solution to the problem, as mentioned, was developed two reactive procedures, one of them, the 

Random Procedure, was created to get a fast and voracious solution, sacrificing the best results but improving 

the current instance in a short computational time. The second one, corresponds to a Metaheuristic Procedure, 

developed as the main proposal as solution to the problem, as reason of optimal results. Both execution times 

are dependent of the number of iterations  that the model looks for candidates solutions at any reaction. To 

determine this number was assess different ranges, that show the sensibility of the computational time because 

of the number of iterations. Considering that the period is a strip of 15 minutes, the iterations selected that 

provide an optimal number in the minor computational time are:  

Iterations to Random Procedure = 500  

Iterations to Metaheuristic Procedure = 200. 

Random Procedure 

Within the proposals, an application was developed that in the face of reactions (R1 or R2) performs a random 

search for possible solutions. This procedure develops as a Greedy or voracious solution, with the following 

logic (X Solution represent the number of iterations assigned): 

 

Figure 6. Reaction Flow 



Metaheuristic procedure 

Why a genetic algorithm? 

From the literary review, a table was built that summarizes the articles with the similar type of problem, similar 

algorithm or model used, and/or similar criteria or characteristics of the problem. This table concludes that, in 

most cases of task and personnel programming, the genetic algorithm is the most used and in the case of reactive 

staff scheduling, as in the case of the assignment of schedules to nurses (this type of problems is part of the 

Work-force scheduling problems as in the case of the Call Center), the genetic algorithm provides a very good 

performance compared to other optimization algorithms.  (et al., 2018) . Particularly, the genetic algorithm is 

recommended in cases where reaction is needed because it optimizes computational time and in terms of its 

results, it achieves better results when it is hybridized with other constructive heuristic techniques or techniques 

of diversification and intensification. For nurse scheduling problems, according to the articles reviewed in the 

research, 37.04% used metaheuristic techniques, 29.63% exact techniques and 27.78% hybrid techniques, in 

total 24.32% of articles that used metaheuristic or hybridizations used genetic algorithms. The same percentage 

of articles used evolutionary algorithms like ACO, PSO or ABC. This shows a clear inclination towards the use 

of genetic algorithms within metaheuristic and hybrid solutions, which is why in this project a genetic algorithm 

is proposed along with a random search.  

Algorithm Criteria Problem 

Genetic 

Algorithm 

Uncertainty with the demand and delay of ships in loading and 

unloading crude oil, maximizing profit and minimizing crude oil 

diversion between periods. 

Reactive programming of loading 

and unloading crude oil of 

different types.  (Panda & 

Ramteke, 2020) 

Branching 

algorithm 

Changing workers with cross-training between departments to 

meet a demand, changing in scenarios the number of people with 

cross-training, maximizing the use by penalizing the work not 

attended. 

An exact algorithm for a 

workforce allocation problem with 

application to an analysis of cross-

training policies(Brusco, 2008) 

Random 

search and 

local search. 

Reassignment of tasks to workers, assuming that three sources of 

variability are eventually presented as the ability to meet, demand 

and their impact, all to restore the viability of the personnel list 

and minimize the number of deviations from the original list and 

meet the project, minimizing the cost of contracting. 

A perturbation matheuristic for the 

integrated personnel shift and task 

re-scheduling problem (Broos 

Maenhout a,,Mario Vanhoucke) 

Ant colony 

algorithm and 

particle 

swarm 

Assigning skilled workers in an area to a task and organizing them 

in such a way that it takes the shortest time to complete the 

project, in this project each worker can perform a task when he or 

she finishes the task he is doing, each task can be performed only 

by the knowledge worker, only one task can be performed at a 

time. 

Optimizing task assignment and 

programming of knowledge 

workers based on ant colony 

algorithm/ Particle Swarm  (Chen 

& Long, 2019) 

Genetic 

algorithm. 

The goal is to organize each team's work schedule, to respond to 

and minimize the gap between predicted demand and actual work 

number in each time period. 

Solving the call center agent 

programming problem using an 

enhanced adaptive genetic 

algorithm (Yue  ma  ; Lieli  Liu) 

Full 

programming 

and branch-

and-price 

algorithm. 

Respond to a variable horizon of demand in a hospital, reallocation 

of resources when there is a shortage or by canceling assignments 

when demand falls.  Individual patient preferences are considered. 

Hospital-wide reactive scheduling 

of nurses with preference 

considerations(Bard & Purnomo, 

2005). 

Genetic 

Algorithm 

Assignment of tasks to the staff of a   police station, reducing 

inactive personnel, avoiding overload and improving the number 

of tasks performed, deterministic demand. 

Genetic algorithmic approach for 

security personnel scheduling. 

(Adamuthe et al., 2012) 



Mathematical 

modeling 

Programming emergency rooms in a hospital, which presents a 

common daily deterministic demand and a stochastic emergency 

cases to be attended to. 

Predictive / Reactive Planning and 

Scheduling of a Surgical Suite 

with Emergency Patient Arrival 

(Heydari & Soudi, 2016) 

Genetic 

algorithm. 

Construction of nurse schedules from permutations and indirect 

coding, based on 52 weeks in order to evaluate the coding and the 

algorithm used. 

An indirect Genetic Algorithm 

for a nurse-scheduling problem 

(Aickelin & Dowsland, 2004). 

Table 6. Algorithm Selection Criteria 

The main proposal made for the Axa risk center; part of the procedure presented in the proposed model 1. 

(Random Procedure) with the difference that the genetic algorithm is used for the generation of more candidate 

solutions. 

The characteristics of the genetic algorithm used are: 

• Coding: Integer matrix. The chromosome is composed of the staff organization in 1 time period, as 

follows: 

 
Period Work Front Work 

Coordination 

Work Follow-

up 

Work 

Conclusion 

7:00 3 2 3 1 

7:15 3 1 3 2 

7:30 4 1 3 1 

Table 7. Chromosome E.G. 

• Initial population: For the initial population, the company's current solution is taken, and a number of (in 

principle and for simulations 10) possible solutions were generated in the way they are created for the 

random procedure of the proposed Model 1. 

 

• Parent Selection: Selection by Wheel of Fortune 

 

• Crossover: The one cut point is completely random and executed as follows: 

 

              Parent Chromosome 1                                                             Parent Chromosome 2 

  

 

 

Period 
Work 

Front 

Work 

Coordination 

Work 

Follow-up 

Work 

Conclusion 

 7:00 3 2 3 1 

8:00 3 1 3 2 

9:00 4 1 3 1 

10:00 4 1 2 2 

11:00 5 2 2 0 

12:00 3 4 3 1 

Period 
Work 

Front 

Work 

Coordination 

Work 

Follow-up 

Work 

Conclusion 

7:00 1 4 1 3 

8:00 3 2 2 2 

9:00 2 2 3 2 

10:00 4 3 1 1 

11:00 2 3 2 2 

12:00 3 3 3 0 



• Crossover point: a random value between the number of periods. In the following example, the 

crossover point is 4. 

 

                Offspring 1                                                                                Offspring 2 

   
• Survivor selection strategy: The Fitness Based strategy is used, which compares the results of the two 

offspring and the two parents, letting alive the two best solutions. 

 

 

8. Description of Model Instances 

In order to analyze different situations and make comparisons with the models proposed, were used other group 

of models named instance. The differences between the model proposed and the instances is that the instances 

are developed to help to understand the approach of the solution proposed. These are points of comparison 

given that instances were all run under the same scenarios, with the only difference that randomness brings 

when it is appropriate.  

These three instances are described as follows: 

Instance with no advisor: This first model instance seeks to show how the indicators of the risk center behave 

in case the initial planning does NOT have any modifications in its time mesh. This instance solution is 

presented to show the consequences of a fixed time mesh. This model instance shows the added value of the 

advisor and the subsequent value of the proposed application. 

Current Instance: The second instance echoes the simulation of the current way the company works. The 

indicators presented in this instance serve as a point of comparison to give validity and value to the proposed 

model. As it is explained in the section Operation of the center, the decisions the advisor make are not an easy 

task, because it is not as easy to evaluate the capacity on the daily operation, accumulative work and availability 

of the rest of the skills to do the required changes. To develop this model instance, a virtual advisor was made 

up and programmed to make decisions as the real advisor would. However, the programmed advisor is better 

and faster taking some decisions. The results will be presented so the proposals have better indicators than the 

current model, but it is important to clear out that the gap could be bigger than the presented for what has been 

said. 

Ideal Instance: A perfect model instance is developed to show the company what results could be obtained if 

the constraints that are currently available are relaxed. It is an imaginary scenario, but it serves as a point of 

comparison to our proposal. The purpose of this instance is to optimize the indicators as much as possible, 

showing that there are even more options to think about, without sacrificing the constraints of the company. 

 

Period 
Work 

Front 

Work 

Coordination 

Work 

Follow-up 

Work 

Conclusion 

 7:00 3 2 3 1 

8:00 3 1 3 2 

9:00 4 1 3 1 

10:00 4 1 2 2 

11:00 2 3 2 2 

12:00 3 3 3 0 

Period 
Work 

Front 

Work 

Coordination 

Work 

Follow-up 

Work 

Conclusion 

7:00 1 4 1 3 

8:00 3 2 2 2 

9:00 2 2 3 2 

10:00 4 3 1 1 

11:00 5 2 2 0 

12:00 3 4 3 1 



9. Simulation and validation methodology 

 
Were developed a series of scenarios, each one characterized by a possible value that could take the stochastic 

variables. The procedure to simulate the different scenarios and the way the instances and models respond to 

the problem, was developed by means of the following steps for each scenario: 

- According to the value of the stochastic variable assigned to de Deviation of Demand, is 

generated ONE random demand as is explained above(The reactive model behavior). 

- With the generated demand, the simulation run the three instances and  two models, looking for 

asses how does each one respond. 

Simulation of one day with the current instance 

Simulation of one day with the instance with no advisor 

Simulation of one day with the ideal instance 

Simulation of one day with the random procedure model 

Simulation of one day with the metaheuristic model 

- A general indicator is generated with the different objectives functions from the five simulated 

days and this is the one is expected to stabilize throughout replicas. 

- Until the indicator stabilizes, the procedure presented above is repeated, generating new 

demands(one for replica) with the same stochastic value assigned to the scenario.   

Thereby, several replicas were replayed until reaching the stability of the response variable on each scenario. 

The procedure consists on generate minimum thirty(30) replicas, and after that, the simulation will stop at the 

moment in which  a new replica´s indicator(general function obtained from the instances and the proposed 

models) do not modify the accumulated average of indicators of the scenario in more than 1%. Calling the 

current replica n, and the indicator generated by each replica X, the stabilization can be shown as follows: 

∑ 𝑋𝑖𝑛−1
𝑖=1

𝑛 − 1
=
∑ 𝑋𝑖𝑛
𝑖=1

𝑛
± 0,1 

This is done for each model proposed, each instance and in each scenario, so the number of replicas required to 

achieve a stable state varies depending on the model used and the level of uncertainty that the model input 

variables have. 

Finishing the simulation, have been generated tools to analyses in the best way the research proposal, under a 

bound of results. 

 

                                                 
Figure 6. Range of analysis. 

Upper Bound.

• Ideal Instance.

Comparisson 
Zone.

•Meta-Heuristic Model.

•Greedy Model.

•Actual Instance.

Lower Bound.

•Without changes 
Instance.



10. Results 

This first analysis aimed to compare the percentage of modifications made by the Metaheuristic procedure 

versus the percentage currently made by the organization (current instance). Considering that we have two 

response variables (% of Modifications and Service Level) it was necessary to stabilize the Service Level of 

both procedures to get an equivalent range in order to compare only the percentage of Modifications. For this, 

considering that the service level of the Metaheuristic model results higher than the one of the current Instance, 

it was necessary to include only for this analysis an additional restriction to the proposed model, so that it does 

not exceed the Service Level of the current Instance in each of the scenarios. 

Evaluating the result, it is observed that the current model performs less sacrifice of modifications to achieve a 

Service Level similar to the currently available to the company. 

• With maximum deviation 

demands of 30% and a service 

level difference of less than 2%, 

between the current instance 

and the proposed model 

(considerably small difference 

to make them equivalent). 

Metaheuristics were found to 

decrease the percentage of 

modifications to +/-20% versus 

+/-26% of modifications shown 

by the current instance; 

decreasing by more than a quarter of the modifications currently made by Axa. On average, this improvement 

in the percentage of modifications in all scenarios gives a reduction of +/-15% in the modifications made by 

the company. 

 

• The proposed model improves the modifications indicator in all cases; however, it shows better 

performance in scenarios with a maximum demand deviation between 30%-50%, understood as mean 

deviation ranges. During the daily operation (24h) are presented on average 9 hours with periods within this 

range as shared the company, showing on more than a third part the best performance of the method . For 

these cases the model reduces the modifications to +/22%, increasing the indicator of the current model +/-

21%. 

 

For ranges less than 30%, there is only a 2-3 percentage point improvement in the modifications; and in the 

case of more than 50% of the maximum deviation, the reduction of the indicator reaches only 3-4 percentage 

points. 

 

 
 

Table 8. Results Modification 

Figure 7. Modifications levels 



For the second analysis, the current and ideal instance and the proposed models were executed without any 

additional restrictions, to evaluate the actual performance of each model and instance in each proposed scenario, 

this analysis found that: 

• The metaheuristic model showed a better Service Level compared to the random procedure and the current 

instance, although no better than the ideal instance. Similarly the random procedure was even better than 

the current instance, the resulting average Service Levels were +/-85%, +/-79%, +/-77% and +/-76% 

respectively. 

 

• The ability to maintain a high service level increases when using the proposed models. The Metaheuristic 

model achieves a 75% Service Level with 80% demand deviation, the random procedure achieves that 

Service Level with only 60% demand deviation, while the current instance achieves it with only 50% 

deviation during the day. This allows the organization to have a greater responsiveness to the different 

demand changes that occur during the operation or any external or foreign factors that are not in control. 

 

 

• Direct contributions to making modifications to an initial planning or solution are: the metaheuristic model 

improves the service level at a rate of +/-0.69 sts of service level for each 1% increase in modifications; 

the random model improves it with a rate of +/0.64; and the current model at a speed of +/0.57; this shows 

the effectiveness of the modifications in robust planning, it should be noted that the two proposed models 

managed to improve the performance of the current instance and also improved the service level of the 

organization in each scenario. 

As a third perspective, a focus was taken towards the upper limit of the solution range. The Metaheuristic model 

and the Greedy are the closest to the ideal instance in terms of the Service Level, with a difference of 6 sts and 

8 sts respectively, taking into account that the ideal model performs a high average percentage of modifications 

(+/- 45%) and that the proposed models reduce this indicator by 19 sts and 20 sts each, it can be said that the 

proposed models represent a good approximation to the maximum level of service that can be offered with the 

contracted personnel, without completely sacrificing the resource of the modifications. 

Figure 8. Service level assess by scenario 



 

Figure 9. . Ideal Scenario Development 

For the next point in the analysis, the without changes instance was compared to the proposed models, where 

the importance of modifications in an operation was again highlighted with such varying demand during the 

day. The results were: 

• By comparing the 

metaheuristic models, 

random procedure, and 

the current instance 

against the instance 

unchanged, we can see the 

input of reactive models 

over the Service Level. 

The average 

improvements are +20 sts, 

+18 sts, and +17 sts over 

the instance indicator 

unchanged. 

 

 

• When  performing only the first rescheduling at the beginning of the day(R1) either with the 

Metaheuristic or random procedure, the improvement of the Service Level on the instance without 

modification is on average +1-2 sts, this thanks to the search for a more robust initial solution, however, 

when compared to the contribution of the reactive factor that is +20 pts., it can be mentioned that to a greater 

extent the operation is determined by the reactions during the day. 

 

Finally, on the computational time of the proposed models, the fastest in execution is the proposed random 

procedure with an average computational time of +/-0.8 minutes per reaction, while the metaheuristic model 

takes an average of +/-1.4 minutes per reaction to run a solution. From these values you can recognize the 

reactive ability to respond in periods of 15 min, the models manage to accelerate decision-making enough to be 

able to respond to demand at the right time and in the best way. Computational time determines the reactivity 

Table 9. No reaction results 



of a model, because if it is not fast enough the changes will not run correctly or in a timely manner and more is 

lost than you earn. 

 

11. Conclusions 

The workforce is presented as the bigger cost of operation of the call centers, rounding on more than 70% of 

the running costs. That is why is not a solution to hire all the required personnel to face the uncertainly of 

external and uncontrolled factors. Being like this, to use in the best way the availably workers turn into an 

interesting, challenging and important problem to carry out. 

Is presented the reactive methods as a determinant not only to the call centers operations, but as an essential 

tool to the environments with a limited source to face variation of external factors that at the same time 

determine their key performance indicators. 

 

To Axa Seguros is presented a method that has its best performance on contexts where the company lasts a 

good percentage of its working day(±30% of mean deviation of demand), also taking into account that the rest 

of the day is delivered an improvement  against the current indicators. 

 

The reactive metaheuristic model improves the solution of the model proposed by the company(Current 

Instance), making fewer modifications to achieve a best level of service, reducing on average 15% the 

modifications made by the company, and it shows better performance in scenarios with an average deviation of 

maximum demand between 30%-50%,  understood as mean deviation ranges. For these cases the model reduces 

modifications to +/-22%, improving the indicator of the current model +/-21%. The environment of uncertainty 

that call centers face makes necessary to apply a reactive method on the way of assign personal daily. 

From the comparisons made, it was observed that, while each indicator can be improved with a robust initial 

organization compared to that proposed by the company, on average the service level improves 1-3 percentage 

points, in an operation such as that of call centers that has demands with high level of uncertainty. The final 

result is determined to a greater extent by the reactions that occur to unexpected events during the operation, 

with the reaction the service level increases between 19-21 percentage points. 

In this case, taking into account that each period in which you can react is 15 min and that the worker stays in 

the assigned place 1 hour=4 periods, the change that is made reactively definitely impacts not only the current 

period, also the following 3 periods, thus the change of the reaction will be more successful to the extent that it 

can also solve current unforeseen events, foreseeing future short-term contingencies. This is why the proposed 

models by being able to explore complete solutions for full periods and manages to provide a solution that, 

unlike the current procedure, only reacts to the current event. 

This research confirms the good performance of the reactive methods to solve this type of problem. In this case 

through the indicators: service level and percentage of modifications. The metaheuristic procedure improves 

the service level at a rate of +/-0.69 points of service level for each increase of 1% of modifications; the random 

procedure has an improvement with a rate of +/-0.64 and the current instance one of +/-0.57.  

The solution of the Metaheuristic proposed model, has a difference in the service level of less than 6 percentage 

points against the ideal instance. A god result given that the Proposed Model requires less than 19 percentage 

points of modifications compared to the ideal instance. Balancing the Metaheuristic model is a good 

approximation since it aligns better with the indicator of modifications without neglecting the service level. 

 



12. Future researches. 

 

- Possibility to implement stochastic demands in the searching of candidates solutions. As is 

mentioned, when the program reacts, is simulated one possible demand and the algorithm looks for 

the best organization to that demand. Could be better to run an algorithm that on each iteration prove 

a demand with a little degree of noise, generation more practical solutions. Apply the mentioned 

method will increase the computational time, the challenge is to find the optimal point between best 

solutions and running time. 
- It is also presented as future research to try out with different values on the restriction of periods a 

worker has to keep on a skill. The method was designed to the current instance with a blocking of 

one hour but can be evaluated and analyzed the impact the restriction has on the performance 

measures. 

- The reactions worked on this research use pieces of time of fifteen(15) minutes. An option for a 

future work, can be determine the optimum large of the period. A shorter or longer reaction time 

would allow a best knowledge of the operation and maybe a variable to take into account in the 

planning. 

 

13. Annexes  

Annex 1: Excel sheet, contains the programs used for the development of the simulation. Added as evidence 

of where the results come from. 
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