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Abstract. This paper presents an agent-based model of labor market to investi-

gate the relationship between company and worker. Unlike most of previous 

studies of labor market we apply a game theoretic approach to defining entities 

in labor market: companies and workers. A company can choose the level of 

wages, and workers can select the level of effort to increase the productivity in 

response to the wages. Company and worker agents are designed to possess the 

basic attributes in order to reflect the real labor market and their activities are 

adaptively changed using evolutionary model. Our approach is illustrated with 

four simulation results: the effect of workers resignation, sick leave, dismissal 

of companies and productivity growth. Various experiments were conducted, 

and the interactions between worker and company are analyzed. Especially per-

formance-based reward strategy and non-greedy strategy in job changing are 

necessary for companies and workers according to the simulation results. The 

experimental result confirms that the balanced power between worker and com-

pany is important in maintenance and extension of labor market. Nash Equilib-

rium can be maintained in all cases. 

1 Introduction 

In a real-world labor market, the behavioral characteristics expressed by worksite 

individuals, diligence or lazy, depend on who is working for whom [1], [2]. A behav-

ior pattern of each individual may heavily affect the state of the labor market such as 

stability or productivity. There have been many studies on the analysis of the behav-

ioral patterns of the individuals and estimating future in economic or social phenome-

na by using agent-based computational models [3]-[6]. 

This paper investigates the possible interactions between workers and companies, 

and constructs a framework for modeling such strategic interactions. In this frame-

work, there are two types of agent, worker and company. Workers and companies, 

who are principal members of labor market, act as agent having one’s strategies, sta-

tus, attributes, and actions. The relationship of workers and companies can be simpli-

fied as cooperation and defection. Such characteristic behavior of each agent is decid-

ed by strategy held by the agent. Base on the evolutionary labor market framework, 

we discuss the variation of mutual interaction occurred by workers and companies. 

This paper uses game theory to define formalized interaction between workers and 

companies. The game theory has been used widely to model multi-agent environment 

such as social and economic phenomena, where the primary purpose is not to model a 



dynamic system, but to study how co-evolution can be used in learning strategies for 

agents [7]. The rest of this paper is organized as follows. Section 2 presents related 

works for agent-based modeling. Section 3 describes in detail the framework of labor 

market proposed. Section 4 reports the experiments were designed. The final section 

presents a conclusion. 

2 Related Works 

Table 1. Previous studies on agent-based modeling 

Researchers Topic 
Agent 

Modeling 

Game 

Theory 

Evolutionary 

Computation 

H.Quek and 

K.Tan [5] 

Macroscopic behavioral dynam-

ics of civil violence 
O O O 

R. Grass et al. 

[8] 

Behavioral pattern of predator-

prey (Ecosystem) 
O X O 

M. Maniada-

kis et al. [9] 

Mechanism of human brain 

working 
O X O 

H.T. Kim and 

S.B. Cho [10] 

Relationship between compa-

nies and workers (Labor market) 
O O O 

There are various related works using agent-based modeling. Mostly, evolutionary 

computation focuses on the prediction of future or is used to analyze social phenome-

na. Table 1 is about previous studies on agent-based modeling. Maniadakis introduced 

a novel agent-based co-evolutionary computational framework for modeling assem-

blies of brain areas. Quek focused on the design and development of a spatial Evolu-

tionary Multi-Agent Social(EMAS) network to investigate the underlying emergent 

macroscopic behavioral dynamics of civil violence. Also, Grass investigated the com-

plexity level of agent-based predator/prey ecosystem simulation. 

3 Labor Market Model 

All agents coexist in the artificial market with its own behavioral strategy deter-

mined by the current status and circumstance, and interact with each other repeatedly. 

Once a worker has been employed in a company, the worker provides labor for wages 

until resignation from the company or elimination from the system. The amount of 

wages and earnings is decided according to behavioral tactics of both companies and 

workers agents. Overall concept of the proposed labor market is depicted in Fig. 1. 

Each agent decides its current behavior, cooperation or defection, depending on 

their own strategies encoded the chromosome, and evolves its worksite strategies over 

time on the basis of its assets earned by past worksite interactions. The worksite strat-

egies of workers and companies are mutually evolved by means of co-evolutionary 

system and standard genetic algorithms including reproduction, crossover, mutation, 

and selection that aims to select more capable agents to survive in the labor market 

framework [4].  



3.1 Structure of Agent Model 

In this section, we present some basic features that characterize our simulation 

model. The model uses discrete-time simulation, and the state of the model is updated 

only at discrete time intervals. Every agent can perform one behavior at each time. 

Accurate modeling of agents is crucial for a close-life depiction of human behavior 

[10]. We adopt multi-agents approach in order to capture the dynamics in the prob-

lem. Here, we specify two agents, workers and companies. In each generation, all 

agents decide their actions based on their evolving strategy and recent cooperation 

history of opponent worksite partners. We assume that all actions performed by oppo-

nent agent can be completely observed.  

As generation is repeated, incompetent agents can appear in labor market. By the 

concept of evolutionary computation, highly capable agent can survive and reproduce 

child agents who may have high fitness. On the other hand, incompetent agents who 

possess low fitness should be eliminated from system. In our labor market framework, 

fitness is calculated based on the only asset or capital attribute.  

3.2 Agent Behavior Decision based on Game Approach 

This paper uses pay off table that is slightly different from the traditional IPD 

game. To satisfy the regularity condition of usual prisoner’s dilemma game, Nash 

equilibrium [11] must be mutual defection, and mutual cooperation dominates alter-

nating cooperation and defection on average, but the proposed payoff table cannot 

guarantee the requirements [12]. The structure of payoff table represented in Table 2 

is constructed by the following steps. 

 

1) Worker’s phase: The worker can decide whether to cooperate or defect with 

his opponent company. All workers have own productivity attribute and the 

company gains payoff from the work’s productivity. A defector worker pro-

duces low productivity (ProdL), whereas a cooperator worker produces high 

productivity (ProdH). 

Fig. 1. Evolutionary labor market framework 



2) Company’s phase: After a company receives payoff from all of its workers, 

the company has to pay wage for the workers. A wage is accounted to payoff 

of each worker. In this situation, if a company cooperates to its opponent 

worker, the worker will receive high wage (WageH). Otherwise, the worker 

will receive low wage (WageL). 

Table 2. Payoff table between worker and company 

In case of using the payoff table described in Table 2, ‘defection’ is selected as 

dominant strategy by company, whereas worker can select both cooperation and de-

fection as dominant strategy. Hence the Nash equilibrium is (cooperation, defection) 

or (defection, defection), and each agent’s strategy will mostly stay on Nash equilib-

rium. Although game is infinitely iterated because worker does not need to do coop-

erative behavior. Worker’s payoff is completely determined by company’s choice 

regardless of worker’s choice. Obviously, it seems unfair from worker’s point of 

view. Therefore, leading the cooperative behavior of companies, or driving mutual 

cooperation is an important issue of this paper. 

 
Fig. 2. Simulation process overview 

3.3 Representation of Strategy 

Several different types of strategy representation schemes have been proposed for 

the IPD game such as finite state machine, logic tree, If-Skip-Action (ISAc) [13], 

neural net, Markov chain and look-up table [14]. Ashlock showed that each scheme 

has different sensitivity on inducing cooperative behavior of agent [14]. In this paper, 

we use the bit string representation that is generally used for the convenience of com-

puter-based simulation.  

The agent’s strategy is determined by the chromosome which is an array of 0 or 1 

as shown in Fig. 3. The index of the chromosome corresponds to the number of coop-

erative behaviors of the worksite partner, and the value of a cell in the array deter-

mines whether a current action is cooperative or not. The value 0 means defection, 

(Worker, Company) 
Company 

Cooperation Defection 

Worker 
Cooperation (WageH,  ProdH - WageH) (WageL,  ProdH – WageL) 

Defection (WageH,  ProdL - WageH) (WageL,  ProdL – WageL) 



and 1 means cooperation. The strategy held by an agent can be maintained until the 

chromosome becomes extinct during simulation process. The simulation process ap-

plied in this paper is described in the next section.  

 
Fig. 3. Chromosome representation of worker and company 

The history queue stores the previous behaviors of opponent worksite partner. The 

capacity of history queue is fixed, and if the queue is entirely full, the first element of 

the queue is removed. Each agent determines current action, based on the recent be-

havior of opponent agent from history queue. The index of chromosome corresponds 

to the recent cooperation number of opponent agent, and the gene value indicated by 

index determines current action of the agent. 

4 Experimental Design 

The experimental design focuses results mainly on the variation of productivity, 

market extent, dominant strategy and cooperative behaviors among the agents. In 

addition, we add more factors such as labor specialization, and resignation of workers. 

Other factors such as evolutionary parameters, payoff table and other environment 

setting are fixed to observe the effect of the factors. Table 3 lists the evolution param-

eters. 

4.1 Productivity Growth of Workers 

In the research area of economy, various theories and arguments are investigated 

on how different characteristics of an individual worker affect his productivity. Alt-

hough there is a widespread belief that job performance declines with age, several 

individual-level studies emphasized that it was essential to take into account the effect 

of worker’s experience [15] since older workers can more productive than young 

workers in tasks that required plentiful experience [16], [17]. 

Table 3. Parameters of evolutionary engine 

Parameter Value 

Initial population of company 50 

Maximum population of company Infinite 



Initial population of worker 500 

Maximum population of worker Infinite 

Increment rate of worker population (Reproduce rate) 0.02 

Sick leave rate 0.01, 0.02 

Maximum period of sick leave 5, 20, 100 

Mutation rate 0.005 

Selection method Roulette wheel and elitism mixed 

Crossover method 1 point crossover 

The conventional belief is that the productivity growth slows down as age is in-

creasing, which leads to a concave age-productivity profile. In the beginning of work-

ing career, a worker’s productivity increases fast, but in the later career, productivity 

growth rate decreases and may turn to fall. If companies need general skills rather 

than company-specific skills from workers, the productivity of a worker should be 

higher after changing occupation than previous. If skills are job specific, however, 

new workers should begin with low productivity irrespective of their earlier experi-

ence [18]. In this paper, we assume that worker’s productivity does not turn to fall, 

and skills are company specific, so worker’s productivity is mathematically expressed 

as sigmoid function as follows. 

 ProdE,H = ProdH +
1

1+𝑒
−(𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠−𝑎)

𝑘

∶  cooperation (1) 

 ProdE,L =
𝑃𝑟𝑜𝑑𝐸,𝐻

2
∶ defection  (2) 

In equation (1), a and k are productivity parameters of determining growth rate of 

the worker’s productivity. The productivity decreases by half when the agent defects 

to company. By using this policy, we expect that company agents can get more power 

as compared with before. 

4.2 Resignation Strategy of Worker Agents 

Basically, worker has two behaviors, cooperation or defection, in the original game 

model. But in this paper, one more worker action, resign, is added from the company. 

Originally, if worker is employed in one company at once, the worker must work 

there until he is removed from the framework owing to financial failure. This means 

that although company repeats defection, the worker does not have any other defiant 

way except the defection together.  

 Count𝑐𝑜𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛(𝑐𝑜𝑚𝑝𝑎𝑛𝑦𝑃𝑎𝑠𝑡𝐵𝑒ℎ𝑎𝑣𝑖𝑜𝑟𝑠) < 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑1 (3) 

 
𝑎𝑠𝑒𝑒𝑡

𝑙𝑖𝑣𝑖𝑛𝑔𝐶𝑜𝑠𝑡
> 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑2 (4) 

Resignation can be a way for active resistance whereas defect is passive resistance. 

As seen in Fig. 3, each worker maintains resignation strategy by using worker chro-

mosome, and two threshold values are represented at the worker’s chromosome. The 

first condition represents that the worker may resign from company if company re-



cently repeats defection until the count of cooperation is below a specific threshold 

value taken by opponent worker. The second condition implies the worker’s financial 

capability to support his living for some period without any income. If both condi-

tions are satisfied, the worker will certainly resign. We expect that resignation strate-

gy can offer the opportunity to workers to escape from vicious entrepreneur, and ex-

ploitative company is hardly survivable in the labor market. This means that this poli-

cy can reduce the power of company agents whereas worker power can increase. 

4.3 Dismissal of Company Agents 

In order to model market as more realistic, we assume that company can dismiss 

lazy workers. This condition shows that if workers recently repeat defection until 

percentage of lazy is over specific threshold3 (laziness percentage of half of total 

continuous service year), the worker may be dismissed from company.  

 
𝑙𝑎𝑧𝑦𝑃𝑒𝑟𝑖𝑜𝑑𝑆𝑢𝑚

𝑎𝑔𝑒 𝑜𝑓 𝑤𝑜𝑟𝑘𝑒𝑟
 ×  100 > 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑3 (5) 

 continuous(worker) > 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑4 (6) 

 state(company)! = ENOUGH_BLACK (7) 

This condition is related with seeking state of workers. If worker is seeking occu-

pation on lazy state, it is applied for accumulation of lazy period. On the other hand, 

the case of worker on hard state, it is not applied for accumulation. Although a worker 

leaves the company, Percentage Of Laziness (POL) is preserved. This function causes 

dismissal of company for frequently lazy worker. In order to fulfill dismissal of com-

pany, we need the second and third conditions. The second one means whether con-

tinuous service year of workers is over threshold4 (average continuous service year of 

all workers of company) or not. last one shows if state of company is not equal to 

enough black, which means that company has sufficient surplus resources. 

4.4 Sick Leave of Worker Agents 

If worker is sick, worker can submit sick leave to company. Worker should come 

back from sick leave after threshold period. Company wants to know worker’s state 

on sick leave whether worker is a lazy person or not. If worker on sick leave is in lazy 

state, percentage of laziness increases. When worker is return, POL affects on work-

er’s state. 

5 Experimental Result and Analysis 

We have performed the four experiments with combinations of experiment setting 

as shown in Table 4. We analyzed the variation of the cooperation rate and the num-

ber of agents of the workers and companies. In this section, we present some mean-

ingful experimental result among the various experiments and analyze it. 



 

Table 4. Experiment plans of each eight experiment 

 Productivity Growth Resign Dismissal Sick leave (rate, period) 

1 Yes Yes No No 

2 Yes Yes Yes No 

3 No No No Yes (0.02,20) 

4 No No No Yes (0.01,20) 

Table 4 shows the setting of the experiments. In each experiment, we adjust four 

effects. Moreover, we change the increase rate of worker population. We will illus-

trate experimental result by using several graphs and analyze each result from various 

social and economical view points. 

5.1 Result of Dismissal 

  
(a) Average cooperation rate of all agent  (b) The number of workers and companies 

Fig. 4.  The result of non-dismissal effect (experiment 1) 

  
(a) Average cooperation rate of all agent  (b) The number of workers and companies  

Fig. 5.  The result of dismissal effect (experiment 2) 

 

To provide workers with resistance method, worker resignation is allowed in this 

experiment. Now workers can get out from company against for defective company. 

The result is displayed on Fig. 4. Definitely, cooperation rate of companies was in-

creased, but most of companies went into bankruptcy at generation 20 because work-

ers resign from his company excessively. In this case, there are not enough time for 

worker to learn rational resignation strategy. The number of workers began increasing 

at generation 25. Because jobless worker is not enough in worker pool, companies are 

more cooperative to workers. At the generation 205, the number of lazy workers is 

increasing more than that of hard workers. Because they can submit resignation to 

their company if company is deceptive, workers do not worry about being fired. High 
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percentage of hard worker is caused by productivity growth and dismissal of compa-

ny. High of productivity is guaranteed when a worker works hard. 

5.2 Result of Sick leave 

  
(a) Average cooperation rate of all agent (b) The number of workers and companies  

Fig. 6.  The result of sick leave in high probability (experiment 3) 

  
(a) Average cooperation rate of all agent (b) The number of workers and companies 

Fig 7.  The result of sick leave in low probability (experiment 4) 

In the experiments 3 and 4, workers are allowed to submit sick leave to company 

without any resignation, productivity growth, and dismissal. According to these fig-

ures, a company is cooperative with defective workers in the beginning, and this ten-

dency has been kept in the overall process. However, in case of rate 0.02, there is 

higher percentage of lazy worker than 0.01; companies are bankrupted faster than 

those in the result 3 at generation 200, and workers become more deceptive after sev-

eral generations. As we can verify sick leave value between 0.01 and 0.02, allowing 

sick leave and if its value is little high, it is hard for a company to maintain itself. 

Because they are not fired, the high level percentage of sick leave makes worker lazy. 

6 Conclusions 

In this paper, we have focused mainly on constructing evolutionary labor market 

framework, and many experiments have been performed with various parameters. To 

construct the relationship rule between worker and company agents, we inducted gift 

exchange game model which is suitable model for economic situations. In addition, 

we used co-evolutionary learning to define each agent’s strategy and observed the 

variation of each agent’s behavior pattern owing to the evolution of strategy.  
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The experiments were conducted with the four special policies, growing productivi-

ty as worker’s experience, resignation strategy of workers, dismissal of company, and 

sick leave of workers. The first and third policies can contribute for company power, 

where the second and fourth policies correspond to worker power. Through the vari-

ous experiments, we have got several meaningful results about variation of coopera-

tion rate and the labor market.  
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