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Abstract 

 
Competitive bidding is the main mechanism for 

allocation of construction projects and consequently 

price determination of the construction services in the 

A/E/C industry. While different aspects of construction 

bidding have been studied in the literature, there is still a 

need for developing a comprehensive model that 

captures the complex dynamics of bidding environment 

by considering interactions among its components, most 

importantly construction contractors. This paper 

discusses the advantages of agent-based modeling in 

simulating the construction bidding process over the 

previously applied methodologies. Later, a developed 

model is introduced and used to simulate the 

construction bidding environment. Finally, the model is 

used to compare the effectiveness of major quantitative 

methods, known as Friedman, Gates and Fine methods, 

in the bidding environment under a variety of scenarios 

including low to high level of uncertainty in the 

estimated cost. This study shows that agent-based 

modeling is a powerful methodology for simulating and 

analyzing complex construction bidding environment. In 

particular, the result suggest that risk attitude has 

considerable impact on bidding performance of 

contractors and moderate risk averseness is the optimal 

policy in a long run. Also, using Friedman model can 

result in higher market share whereas using Gates model 

can result in higher profit per project. 

 

Introduction 
 

Economic models as simplified representations of 

the real world are being developed to understand, explain 

and predict economic phenomenon (Myers, 2013). 

Modeling a market, an industry or the whole economy is 

of particular interest for policy makers due to the need to 

evaluate the impact of the envisaged policies on the 

system as well as for players involved to adopt the best 

strategy for achieving their goals. In economics, the two 

most prevalent, yet flawed, decision-making tools for 

economic policy analysis are (Farmer & Foley, 2009):  

1. Econometrics or empirical statistical models,  

2. Dynamic stochastic general equilibrium / Game 

theoretic models.  

Statistical models use past data to predict future. 

They are valuable as long as the world in the future is 

similar to the world in the past and the relationship 

between the past and the present is constant. On the other 

hand, dynamic stochastic general equilibrium and game 

theoretic models are built on strong assumptions such as 

rational agents and linearity that make the model 

unrealistic (Farmer & Foley, 2009). These two categories 

of models usually fail to capture complexity and 

interaction of the interconnected system constituents and 

are not reliable at times of radical change and crisis. One 

example is their failure to predict the financial crisis in 

2008 (Buchanan, 2009) when a major change in one 

market had ripple effects on other related markets and 

the whole economy. These shortcomings of the 

conventional models call for the use of more 

sophisticated modeling tools that can capture more 

important aspects of the real world and its complexity in 

particular the interconnections among elements of the 

system, their idiosyncrasies, and emergent behavior. 

Complexity of the construction industry originates from 

a large number of actors with uncertain, heterogeneous 

but interdependent behavior interacting with themselves 

and other actors from other industries. 

Thanks to the advances in the field of computer 

science in particular object-oriented programming, a 

movement has been formed in economics with the aim of 

developing a new economic thinking and modeling. This 

resulted in the creation of agent-based computational 

economics, which is an attempt to explore the 

intersection of management science, evolutionary 

economics, and computer science. Agent-Based 

Modeling (ABM), as one of the central modeling and 

simulation tools in the field of computational economics, 

can offer solutions for the challenges that the 

conventional methods have not been able to overcome. 

Increasing tendency to apply ABM is not only due to the 

developments in computer modeling and simulation 

techniques and increased computer capabilities but also 

because of a paradigm shift in understanding economic 

phenomenon. The main premise of ABM is that a system 

should be viewed as a group of components interacting 

with each other in a dynamic web of relationships and 
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not just as the sum of its parts. With regard to this way of 

economic thinking, markets can be viewed as inherently 

dynamic rather than static systems. 

 

Methodology: Agent-Based Modeling 
 

Agent-based modeling (ABM) was used in this 

study to simulate the construction bidding environment. 

ABM has been recognized as a powerful tool for 

modeling and simulating complex systems such as 

construction bidding environment in which there exist 

numerous independent decision makers with different 

goals and behaviors.  

In ABM, the agents are computational objects 

interacting according to rules over space and time. They 

can represent individuals, organizations, biological 

entities, and/or physical systems. The rules are defined to 

model behaviors and social interactions based on 

incentives and information (Page, 2005). An agent-based 

model contains the following three ingredients 

(Windrum, Fagiolo, & Moneta, 2007):  

1. Bottom-up perspective: The properties of 

macro-dynamics of a system can be best understood as 

the outcome of micro-dynamics involving constituent 

entities. 

2. Boundedly-rational agents: Agents should be 

assumed to behave as boundedly rational entities with 

adaptive expectations rather than hyper-rational entities 

with rational expectations.  

3. Networked direct interactions: Agents have 

direct interactions with each other since through adaptive 

expectations their current decisions directly depend on 

the past decisions and actions made by other agents in 

the environment.  

Due to its holistic approach and capability to deal 

with complex systems, ABM can be utilized for various 

research purposes including but not limited to prediction, 

proof, discovery, education and training (Axelrod, 1997).  

In this study, the agent-based model aims to 

reproduce the bidding environment with more focus on 

main decision points of contractors at organization level. 

Figure 1 shows a schematic representation of the 

simulation model. The mechanism of the simulation is 

that a set of heterogeneous contractors bid on a series of 

projects of different types and sizes randomly generated 

by various owners. Readers can find more details on the 

developed agent-based model of the construction 

competitive bidding in (Awwad, Asgari, &Kandil, 2014) 

and(Asgari, Awwad, Kandil, &Odeh, 2016). 

 
Figure 1. Network structure of the construction bidding 

environment 

 

Two main classes of objects in the simulation model 

are Projects and Contractors. A set of contractors is 

produced in the market along with their learning 

mechanisms. Agent contractors are homogenous in all 

attributes except in their bidding methods (learning 

mechanisms). As Figure 2 presents an abstraction of a 

contractor in the bidding environment, the focus of this 

study is on contractors’ interaction with each other and 

the market. On the other hand, projects are passive 

agents and Contractors are active agents due to their 

ability to learn and make decisions. Projects are 

generated consecutively over a simulation period of ten 

years (520 simulated time units) and are assigned a set of 

characteristics such as the project budget chosen 

uniformly over the range [80, 120] M$ and the project 

duration also selected uniformly between 20 and 30 

weeks. As Figure 3 presents, Statechart was used to 

define different stages of a projectwhile Figure 4 shows 

the casual relationship among the factors. 

 

 
Figure 2.An abstraction of a contractor in the bidding 

environment  
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In this paper, an educational package of a 

commercial software called “AnyLogic” was used to 

simulate the construction bidding environment. 

AnyLogic is a Java based platform with built-in 

capability to support systems dynamics, discrete event 

simulation and agent-based modeling (Nikolai and 

Madey, 2009). AnyLogic allows combining these 

methods to build multi-paradigm models of complex 

problems. This software has developed “Agent-Based 

Libraries” as well as reusable “Design Patterns” which 

simplify developing agent-based models for novice 

modelers and save times for experts. 

 

Modeling Construction Bidding Process 
 

Among all, competition has been identified as one of 

the main decision criteria for construction contractors 

when bidding for a project (Hegazy& Moselhi, 1995). 

Construction contractors try to learn about their 

competitors’ bidding strategy. In the real world bidding 

environment, bidding strategies vary from one 

construction contractor to another. Some are more 

inclined to use quantitative approaches while others rely 

on more rule-based or judgment-based decision making 

tools. Regardless of type of bidding strategy and bidding 

decision making tool, the underlying assumption in all 

bidding calculation is that there exists a relationship 

between the bid sum and the probability of winning the 

project. The bid sum is the product of the estimated costs 

and the markup percentage. Therefore, there are two 

extreme points when determining the markup. The lower 

the markup, the higher chance of winning (or the lower 

profit) is. Conversely, the higher the markup, the lower 

chance of winning (or the higher profit) is.  

There are several quantitative methods in the 

literature and the next section will present a review of the 

major studies in this area. Although quantitative methods 

have received a lot of attention in the literature, the 

Figure 3. Implementation of project stages in AnyLogicas Statechart 
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debate over their validity, in particular Friedman and 

Gates models, have not reach a solid conclusion. This 

paper will take a new approach to compare these 

methods. First, these methods are implemented in an 

agent-based model as the markup decision function for 

agent contractors. In other words, they are acting as the 

learning mechanisms of agents in the interactive and 

competitive bidding environment. Then, these methods 

can be put in a competition against each other. The 

objective of this study is to compare the effectiveness of 

major quantitative methods in the bidding environment 

under a variety of scenarios including low to high level 

of uncertainty in the estimated cost. Previous studies in 

the literature that analyzed and compared these methods 

mostly take a retrospective approach. In other words, 

they compare these methods one by one in a vacuum 

using past bid data. However, thanks to the developed 

agent-based model (Awwad et al., 2014;Asgari et al., 

2016) the possibility of comparing these methods 

actively and in a prospective manner exists. This study 

tries to address the lack of practical testing due to 

unwillingness of contractors to reveal their real bid 

information and costs. 

A quantitative method tries to use competitors’ past 

bids to determine the optimal markup. The optimal 

markup is usually defined as the one that maximizes the 

expected profit of a contractor from a given project. In 

other words, a contractor is facing the following 

optimization problem where he is trying to balance a 

great profit and a high probability of winning:  

 

𝑚𝑎𝑥 𝐸[𝑃𝑟𝑜𝑓𝑖𝑡(𝑥)| 𝑥, 𝑛] =
𝑚𝑎𝑥 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦(𝑊𝑖𝑛𝑛𝑖𝑛𝑔| 𝑥, 𝑛)  × 𝑃𝑟𝑜𝑓𝑖𝑡(𝑥)        (1) 

 

Where x: markup % is the decision variable of the 

problem and the expected profit, is the product of the 

probability of winning and the profit given a chosen 

markup. It is worth noting that the bid (B), estimated cost 

(ES), markup (x), and profit have the following 

relationships for a given project k: 

 

𝐵𝑘 = 𝐸𝑆𝑘(1 + 𝑥𝑘)                                              (2) 

𝑃𝑟𝑜𝑓𝑖𝑡𝑘 = 𝐸𝑆𝑘 . 𝑥𝑘                                              (3)  

 

Several quantitative methods exist in the literature. 

For any quantitative method there are at least three basic 

uncertain variables (estimated cost, actual cost, and the 

lowest competing bid) that need to be considered (Fuerst, 

1976). One of the first two (either variables estimated 

cost or actual cost) has to be fixed and selected as the 

reference point of modeling (Yuan, 2011). The selected 

models in this study (Friedman, Gates and Fine) consider 

the estimated cost as the reference point and then the 

uncertainty of a competitor’s bidding behavior is 

characterized by the bid ratio. It is worth mentioning that 

transparency of the market transactions, knowing who 

the interested contractors in the bid shortlist are, level of 

access to the previous biddings information, and 

contractors’ willingness to collect and use the 

information are amongst underlying assumptions of all 

Figure 4.interaction among the internal and external bid parameters for a contractor ( adapted with changes from 

Asgari, Kandil, &Odeh, 2016) 



5 

the three models. It is assumed that each interested 

contractor knows the other interested contractors in the 

bidding shortlist and knows their bids for those projects 

that both the opponent and the contractor previously 

participated in. 

Friedman model: In his seminal paper entitled “A 

competitive-bidding strategy”, (Friedman, 1956) 

proposed to use historical bid data and characterize a 

competitor’s bidding behavior with a probability 

distribution function of the bid ratio. The bid ratio (BCk,i) 

for a given project (k) is simply the ratio of the 

competitor i’s bid (Bk,i) to the contractor’s own estimated 

cost (ESk) 

 

𝐵𝐶𝑘,𝑖 =
𝐵𝑘,𝑖

𝐸𝑆𝑘
           (4) 

 

If competitor iand the contractor have enough bids 

where they both participated and the bid information is 

available, a stable distribution function (Fx (x)) of the bid 

ratio can be constructed. By calculating the mean and 

variance of the distribution, the probability of beating 

competitor i(Pi) with a given markup (x) can be simply 

calculated using the following equation: 

 

𝑃𝑖(𝑥) = Pr(𝑋 > 𝑥) = 1 − 𝐹𝑋(𝑥)            (5) 

 

Friedman then assumed the bid ratios of competitors 

are independent of each other. Therefore, the probability 

of winning the contract, which means beating all 

competitors, can be determined using the following 

equation:  

 

𝑃𝑤(𝑥) = ∏ 𝑃𝑖(𝑥)𝑖∈𝐶𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑜𝑟𝑠       (6) 

 

Gates model: This model calculates the probability 

of beating a competitor exactly in the same way 

Friedman does. However, based on his experience as a 

principal estimator, (Gates, 1967) developed the 

following equation for determining the probability of 

winning the contract.  

 

𝑃𝑤(𝑥) =
1

1+∑ (
1−𝑃𝑖(𝑥)

𝑃𝑖(𝑥)
)𝑖∈𝐶𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑜𝑟𝑠

           (7) 

Where Pi is the probability of beating competitor i. 

 

Fine model: The main assumption of this model 

(also known as the low-competitor model) suggested by 

Fine (Fine, n.d.) in a series of unpublished works is that 

the only competitor the contractor is interested in beating 

is the lowest competitor (in other words, the winner). 

Therefore, this model is based on collecting the historical 

data of the lowest bid, the winner, in each competition 

participated.The purpose of the experiment is to examine 

capability of different learning mechanisms ompeting in 

mixed market comprising of both learning contractors 

(which use Friedman, Gates, or Fine models) and 

random contractors (which choose their markup 

randomly from uniform distribution of [0% - 10%]) for 

securing project with two levels of cost 

estimationuncertainty. Table 1 presents markup function 

of each contractor. Level of uncertainty on the estimated 

cost of projects is low (Scenario 1) and high (Scenario 

2).  

 

Table 1. Contractors' characteristics in the experiment 

Contractor Learning Mechanism 

1 and 2 Friedman 

3 and 4 Gates 

5 and 6 Fine (the low-competitor) 

7 and 8 Nothing (Random Markup) 

 

By applying the quantitative bidding methods in a 

series of consecutive bids, contractors in the agent-based 

model are taking a computational approach to learning 

from their interactions with others. Agent contractors are 

not instructed to choose a specific markup. Instead, they 

are using different learning mechanisms (here, the 

quantitative bidding methods) to choose the optimal 

markup. Each learning mechanism represents some 

specific learning characteristics. Comparing the 

performance of users of these mechanism helps 

understand their applicability and effectiveness in 

various situations. The main questions of this 

investigation are:  

 What is the impact of the choice of learning 

mechanisms on contractors’ financial performance, 

success rate, and market share under a variety of market 

scenarios?  

 How do these learning mechanisms perform in 

competition against each other and irrational players? 

 

Results  
 

Table 2 presents the results of scenarios 1 and 2. 

Looking at the order and trend in performance of 

contractors it is clear that Friedman users are more 

effective in gaining market share(Figure 5) and working 

capital(Figure 6) and Gates users are securing higher 

profit per project. Gates model does not perform 

effectively in terms of market share and working capital 

in mixed markets (markets that consist of both rational 

and irrational contractors). Another observation is that 

irrational contractors have higher chance of securing 

contracts and profits in a market with more complex and 

cost-uncertain projects. Comparing those scenarios with 

low and high uncertainty in cost estimation (Scenarios 1 

and 2) suggests that in many occasions choosing the 

optimal markup may not be what matters most. In other 

words, winning a contract is likely the combined 

outcome of a low markup and underestimation of the 
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project value relative to the competitors. Therefore, when 

analyzing its performance and trying to find causes of 

success/failure in securing contracts in different markets, 

a contractor should consider characteristics, complexity, 

and cost uncertainty of projects. The profit margin of the 

winning contractors was less than 5% which is aligned 

with rate reported in the literature (Deloitte &Touche, 

2000; Bashford, 1996; Leitch, 2000). It is worth 

mentioning that this rate is lower than the return of risk-

free treasury bonds. 

 

 
Figure 5. Market share in terms of number of projects 

 

 

Figure 6. Market share in terms of working capital 

Conclusion 
 

The important subject of competitive bidding in 

construction has attracted research, analysis, and surveys 

by both the construction academia and industry. As this 

study showed, ABM offers several advantages over other 

methodologies. In particular, unlike game theory, a 

classical competition and cooperation analysis 

methodology (Asgari et al., 2014), ABM does not fail to 

consider heterogeneity, bounded rationality, and dynamic 

nature of the bidding processes. 

The controversial subject of competitive bidding in 

construction has attracted research, analysis, and surveys 

by both the construction academia and industry. The 

results of the investigations and debates have been 

insightful to some extent but not conclusive yet. This 

study attempted to introduce a new approach for 

evaluating the effectiveness of quantitative bidding 

methods in particular models introduced by Friedman 

and Gates. While the emphasis of the previous studies 

(Fuerst, 1976; Crowley, 2000; Ioannou, 1988; King and 

Mercer, 1987; Rosenshine, 1972; Stark, 1968) were on 

validity and reliability of the methods using 

mathematical arguments and retrospective approaches, 

this study put these methods in various scenarios to 

examine their applicability and effectiveness using a 

prospective approach, agent based modeling. The main 

research question in the literature was which of two 

models, Friedman or Gates, gives the correct probability 

of winning a competitive bid. For example, Mitchell 

(1977) tested both Friedman and Gates models and 

concluded Friedman model provides correct probabilities 

when there is no uncertainty involved in the cost 

estimates; Gates model provides correct winning 

probabilities when the distributions of both the contractor 

and its competitors have the same mean and variance. 

Table 2. Performance of All Contractors in Scenarios 1 & 2 

Contractors 1 and 2 3 and 4 5 and 6 7 and 8 

Learning Mechanism of Contractors Friedman Gates Fine - 

Average Markup of the Contractors in Scenario 1 0.67% 1.56% 0.93% 4.92% 

Average Markup of the Contractors in Scenario 2 1.09% 2.76% 1.56% 5.08% 

Working Capital of the Contractors in Scenario 1 (M$) 339 180 288 50 

Working Capital of the Contractors in Scenario 2 (M$) 621 263 462 158 

Average Profit per Project for the Contractors in the 

Scenario 1 (M$) 

1.44 2.16 1.73 1.44 

Average Profit per Project for the Contractors in the 

Scenario 2 (M$) 

2.70 3.78 2.85 2.62 

Market Share of the Contractors in Scenario 1 45% 16% 32% 7% 

Market Share of the Contractors in Scenario 2 44% 13% 31% 12% 
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However, this study was more interested in answering 

which models can outperform others in a long run.  

The result of this study shows that using Friedman 

model can result in considerably higher number of 

winning projects (higher market share) whereas using 

Gates model can result in higher profit per project. This 

is because Gates model suggests relatively high 

probabilities of winning at high markups and does not 

encourage contractors to place low bid markups like 

Friedman model. A good decision model should lead to 

correct decisions for the correct reasons. Each bidding 

decision model has its own strengths and weaknesses. 

The choice of a firm’s bidding decision model for a 

specific project depends on many factors including the 

firm’s business strategy, the project characteristics, and 

the client. The quantitative bidding methods explained in 

this study can be used as a decision support tool. If 

gaining higher market share in long-term, dominating a 

market and establishing relationship with clients are of 

high priorities for a contractor, Friedman model can 

suggest a better markup aligned with these goals. 
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