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Abstract  

One of the key factors for the successiveness of a company is to share the finance, 

facilities and human resources to the most profit-making projects, this factor can be 

much more affecting to those kinds of companies conducting overseas projects. In 

a competitive environment, projects are putting out to tenders. A successive 

company is that participate in money-making low-risk tenders considering all 

resources of its company. In this paper after a brief introduction of this problem, a 

multi-objective binary model and a mixed-integer linear model will be introduced. 

The latter one addresses the situation where the decision-makers have different 

approaches to different tenders considering the rate of return as well as the 

probability of winning the tenders. As all the parameters of these models are 

uncertain, two different fuzzy approaches are applied to these problems. Finally, to 

illustrate the application of the proposed models some examples are presented. The 

results show that by the fuzzy approach new chances to improve the potential 

benefits arise. 

Keywords: 
Pure 0-1 Programming; 

Uncertainty; 

Rate of Return 

 

Introduction 
 

Further to the sub-contractor selection problem, which is concerned by the clients' bidders are 

involved in another decision-making problem [1,2,3]. These companies’ decision-makers are 

usually involved to decide to participate in a tender or not. This problem is not always easy to 

solve without considering artificial intelligence methods. Occasionally, when the firm is 

involved with different variety of projects and tenders to participate, selecting the best tenders 

between many choices is rather hard, and a bad decision in this situation may lead to extra costs 

and even bad quality which results in hazarding the reputation of the company. As a result, the 

tender participation selection problem can be used as a tool to help the managers to take the 

most appropriate decisions. Mats et al. [4] provided a simple theoretical framework, for tender 

evaluation including scoring and weighing and discussed the pros and cons of methods such as 

highest quality, lowest price and price-and-quality-based evaluations. Ballesteros-Pérez et al. 

[5] proposed a practical methodology based on simple statistical calculations for modeling the 

performance of a single or a group of bidders, constituting a useful resource for analyzing one’s 

own success while benchmarking potential bidding competitors. Maqsoom et al. [6] 

investigated the prevalent rules for the bid evaluation and the criterion used by both clients and 

consultants in selecting the contractors during the bids evaluation phase of construction projects 

in Pakistan, using the relative importance index and severity index approach to analyze the data. 

Indah Kusumarukmi et al. [7] identified and analyzed problems in the public tendering process, 
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and proposed potential solutions to resolve these problems, utilizing publicly available studies 

and interviews as starting points of problems identifications. To measure the questionnaires 

distributed to tendering, Likert scale assessment and factor analysis were used and analyzed.  

By considering the above-mentioned literature review, it is found that there are no 

considerable researches that address mathematical models to solve the problem. Moreover, 

based on the author' knowledge the uncertainty of the parameters is not analyzed, and therefore 

the fuzzy approach is not considered to address the uncertainty. In this paper, a new approach 

by proposing the mathematical models are introduced. Moreover, to consider the uncertainty of 

the model, two different fuzzy approaches are applied to the model. By assuming a constant 

probability of winning each tender, one can find that this problem is a sort of Knapsack problem. 

In addition to employing fuzzy set theory to the knapsack problem [8], there are other attempts 

that addresses the Fuzzy Binary Linear Programming (FBLP) [9]. Moreover, in order to define 

a practical tool for decision makers to reach the best choices between potential tenders 

considering the quoted prices which will affect the Rate of Return (ROR) as well as the 

probability of winning the tenders, the necessary changes are applied to the proposed model. 

With the assumption of the variable probability of winning each tender, an Integer Linear 

Programming (ILP) model appears. In the case of applying a fuzzy approach to an integer linear 

model in which all parameters including coefficients of objective and constraints as well as the 

right-hand side of constraints are uncertain, some different methods have been presented [10].  

The current paper is organized as follows: In Section 2, the problem definition is proposed. 

Section 3 addresses the proposed mathematical model to solve the problem. In Section 4, the 

fuzzy approach is proposed and applied to the model. Section 5 is to introduce a new 

mathematical model to the problem in variable tender winning probability mode. Finally, the 

concluding remarks are given at the end to summarize the contribution of this paper. 

 

Problem definition 
 

Consider a company that has lots of opportunities to participate in different tenders. This 

company has different chances to win each of these tenders which are dependent on the 

Minimum Attractive Rate of Return known as MARR. The model can be with the assumption 

of constant or variable MARR. Meanwhile, this company has limited finance and human 

resources so participating in all tenders is not a rational decision. Participating in each tender 

has its relevant costs concerning to prepare an adequate proposal. Furthermore, this company 

has a chance to neglect to contract after winning the tender by paying the bid-bond amount 

specified in Request for Proposal (RFP) documents. For some reasons that will be specified 

later this issue is not considered in the model. It is clear that all parameters of the model 

including all costs, interest, human and financial resources are uncertain. The objectives are 

listed as follows: 

1. Maximizing the estimated profit earned in the case of winning tender  

2. Minimizing the proposal preparing cost  

3. minimizing the lost money, bid-bond, in the case of refusing to contract after winning 

the tenders. 

The constraints should cover the human resources, and finance resources limitations. 

 

Mathematical model 
 
Parameters  

T: Set of all potential tenders 

A: Set of time horizon in year 

𝑝𝑖: Indicates the awarding contract probability of tender 𝑖 



Advances in Industrial Engineering, Autumn 2020, 54(3): 355-364 357 

 

𝐼𝑖: Indicates the estimated rate of return of tender 𝑖 
𝑣𝑖: Indicates the estimated value of tender 𝑖,  
𝑐𝑖: Indicates the proposal preparing costs of tender 𝑖 
ℎ𝑟𝑖𝑗: Shows the required man-day to perform the winning tender (𝑖) in year 𝑗 

𝐻𝑗: The available human resources for year 𝑗 (man-day) 

𝑚𝑖𝑗: The required finance of tender 𝑖 in year 𝑗 

𝑀𝑗: The available budget for year 𝑗 

𝑏𝑖: The bid-bond amount that will be lost in the case of refusing to sign the contract after winning the 

tender 𝑖 
 

Variables 

 

𝑥𝑖   {
= 1.           if company takes a go-decision on participating in the tender 𝑖
= 0.           otherwise

 

𝑦𝑖   {
= 1.           if company decides to cancel the participation in the tender i after winnig the contract
= 0.           otherwise

 

 

The objective functions are shown by Eqs. 1, 2, and 3. Eq. 1 maximizes the estimated profit 

earned in the case of winning tender 𝑖. Note that 𝑤𝑖 = 𝑝𝑖 × 𝑅𝑂𝑅𝑖 = 𝑐𝑡𝑒, in other words, we 

assumed that the multiplication of awarding contract probability of tender 𝑖 with the rate of 

return of tender 𝑖 is constant. The relation between these two parameters is depicted in Fig. 1. 

 

 
Fig. 1. Relation between rate of return and tender winning probability 

 

Eq. 2 is to minimize the proposal preparing cost and Eq. 3 minimizes the lost money, bid-

bond, in the case of refusing to contract after winning the tenders. As all defined objectives 

have the same unit, they can be simply added, making a single objective function shown by Eq. 

4. Eq. 5 ensures that the required human resources of all tenders should be less than the 

maximum available in year 𝑗. Eq. 6 guarantees that the required financial resources allocated to 

each project is always less than the maximum available in year 𝑗. 
 

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒 ∑ 𝑤𝑖𝑣𝑖𝑥𝑖𝑖                                                                                  (1) 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑ 𝑐𝑖𝑥𝑖𝑖                                                                                     (2) 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑ (𝑏𝑖𝑝𝑖 + 𝑤𝑖𝑣𝑖)𝑦𝑖𝑖                                                                  (3) 

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒 ∑ (𝑤𝑖𝑣𝑖𝑥𝑖 − 𝑐𝑖𝑥𝑖 − (𝑏𝑖 + 𝑤𝑖𝑣𝑖)𝑝𝑖𝑦𝑖)𝑖                                (4) 

Subject to  
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∑ ℎ𝑟𝑖𝑗 × 𝑝𝑖 × 𝑥𝑖𝑖 − ∑ ℎ𝑟𝑖𝑗 × 𝑝𝑖 × 𝑦𝑖 ≤ 𝐻𝑗𝑖             ∀𝑗 ∊ 𝐴                  (5) 

∑ 𝑚𝑖𝑗 × 𝑝𝑖 × 𝑥𝑖𝑖 − ∑ 𝑚𝑖𝑗 × 𝑝𝑖 × 𝑦𝑖 ≤ 𝑀𝑗𝑖             ∀𝑗 ∊ 𝐴                    (6) 

𝑦𝑖 ≤ 𝑥𝑖                                                                               ∀𝑖 ∊ 𝑇             (7) 

 

The above-mentioned model is a two stage stochastic  with recourse in nature where 

variables 𝑥𝑖 ∊ 𝑇  are first stage where the values of these variables are fixed before the fact 

realization and variables 𝑦𝑖 ∊ 𝑇 are second stage ones, which are dependent to the different 

scenarios which can be defined. Moreover, in order to minimize the expected value of the 

constraint violation due to the uncertainty of the parameters, some new second stage variables 

should be defined to count the amount of constraint violation. Besides, the expected value of 

the constraint violation should be added to the objective function. Therefore, all the decision 

makers like to reach a solution where all 𝑦𝑖 ∊ 𝑇 variables are equal to 0. In the rest of this paper, 

considering the following explanations, the variable 𝑦𝑖 ∊ 𝑇 is eliminated to simplify the 

problem considering all the uncertainties that exist in the model. 

In reality, if we consider that after winning the tender the company decides to refuse to 

contract, it means that for some reason the company prefers to lose not only the relevant interest 

I, but also the bid-bond price. Some main reasons for this decision may be the followings: 

1- Loss estimation for this project 

2- Political issues 

3- Shortage of resources 

The first item is due to the wrong estimation of the interest of the project during preparing 

the proposal. 

The second item rarely can be estimated. 

The last item may because of facing a situation in which the company is successful to more 

tender than what is estimated. 

Finally, as entering these cases into the mathematical model highly complicates the problem, 

it seems rational to neglect variable y, so we assume that the company never decide to refuse 

the contract after winning the tender first. 

In addition to the above-mentioned fact, we assume that the parameter 𝑝𝑖, the probability of 

winning tender i, is constant as well as the considered interest of the project. In section 4, we 

propose a new model with the assumption of considering p as a variable. 

Further to above mentioned assumptions, one should consider that all parameters of the 

model except the amount of bid-bond, which is neglected according to the above explanation, 

are subject to uncertainty. As defining stochastic distribution for the mentioned parameters 

complicates the model, it is concluded that the model should have fuzzy coefficients in the 

objective function, the fuzzy coefficient in the constraint matrix and fuzzy numbers on the right-

hand side of the constraints. In the next section, the applied fuzzy approach to this model is 

presented. 

 

Fuzzy approach for BLP mode 
 

In this paper, in order to apply the fuzzy approach to the model, we have used the algorithm 

proposed by Yu and Li [9]. This algorithm solves a Binary Linear Problem (BLP) with fuzzy 

coefficients in the objective function, the fuzzy coefficient in the constraint matrix and fuzzy 

numbers on the right-hand side of the constraints. A brief explanation of Chian-Son Yu's 

algorithm is proposed as follows: 

Considering model 8: 

 
𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒     𝑧 = ∑ �̃�𝑖𝑥𝑖

𝑛
𝑖=1                                              (8) 
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𝑆𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜           ∑ �̃�𝑖𝑗𝑥𝑗 ≤ �̃�𝑖

𝑛

𝑗=1

         ∀ 𝑖 = 1. … . 𝑚 

 

Where 𝑥𝑗 is zero-one variable, and �̃�𝑖denotes the fuzzy number in the right-hand side of the 

𝐼−𝑡ℎ constraint. �̃�𝑖 and �̃�𝑖 are the fuzzy coefficients in objective and constraint functions, 

respectively. We first explain the fuzzy approach to coefficients of the objective function. This 

method can be enhanced to the right hand side of the constraints and also the coefficients of the 

constraints. 

The fuzzy number 𝑐𝑖 with a triangular membership function, is depicted in Fig. 2, where 

𝑐𝑖𝑘 (𝑘 ∊ {1.2.3}) are respectively the possible lowest, middle and highest numbers and 𝑠𝑖𝑘 (𝑘 ∊
{1.2}) are the slops of line segments between 𝑐𝑖𝑘  and 𝑐𝑖𝑘+1 . Then 𝜇(𝑐𝑖) can be expressed as 

below: 

𝜇(𝑐𝑖) = 𝜇(𝑐𝑖1) + 𝑠𝑖1(𝑐𝑖 − 𝑐𝑖1) +
𝑠𝑖2 − 𝑠𝑖1

2
(|𝑐𝑖 − 𝑐𝑖1| + 𝑐𝑖 − 𝑐𝑖2) 

 

 
Fig. 2. A triangle membership function 

 

Furthermore, we have: 
 

𝜇(𝑐𝑖) = 𝜇(𝑐𝑖1) + 𝑠𝑖1(𝑐𝑖 − 𝑐𝑖1) + (𝑠𝑖2 − 𝑠𝑖1) × (𝑐𝑖 − 𝑐𝑖2 + 𝑑)𝑤ℎ𝑒𝑟𝑒: 𝑐𝑖 − 𝑐𝑖2 + 𝑑𝑖 ≥ 0. 𝑑𝑖 ≥ 0 

𝜇(𝑎𝑖) = 𝜇(𝑎𝑖,1) + 𝑠𝑖1
′ (𝑎𝑖 − 𝑎𝑖1) + (𝑠𝑖2

′ − 𝑠𝑖1
′ ) × (𝑎𝑖 − 𝑎𝑖2 + 𝑑)𝑤ℎ𝑒𝑟𝑒: 𝑎𝑖 − 𝑎𝑖2 + 𝑑𝑖 ≥ 0. 𝑑𝑖 ≥ 0 

𝜇(𝑏𝑖) = 𝜇(𝑏𝑖1) + 𝑠𝑖1
′′ (𝑏𝑖 − 𝑏𝑖1) + (𝑠𝑖2

′′ − 𝑠𝑖1
′′ ) × (𝑏𝑖 − 𝑏𝑖2 + 𝑑)𝑤ℎ𝑒𝑟𝑒: 𝑏𝑖 − 𝑏𝑖2 + 𝑑𝑖 ≥ 0. 𝑑𝑖 ≥ 0 

 

Then we have the following model: 

 

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒    𝑧 = ∑ 𝑐𝑖𝑥𝑖

𝑛

𝑗=1

 

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒    𝑧′ = ∑ 𝜇(𝑐𝑖)

𝑛

𝑗=1

 

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒    𝑧′′ = ∑ 𝜇(𝑏𝑖)

𝑛

𝑗=1

 

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒    𝑧′′′ = ∑ 𝜇(𝑎𝑖)

𝑛

𝑗=1

 

Subject to: 
 

∑ 𝑎𝑖𝑗𝑥𝑖 ≤ 𝑏𝑖
𝑛
𝑗=1            ∀ 𝑖 = 1 … . 𝑚                             (9) 

𝑐𝑖 − 𝑐𝑖2 + 𝑑𝑖 ≥ 0     ∀ 𝑖 = 1 … . 𝑚                                  (10) 

𝑑𝑖 ≥ 0                          ∀ 𝑖 = 1 … . 𝑚                                      (11) 

𝑎𝑖 − 𝑎𝑖2 + 𝑑𝑖
′ ≥ 0    ∀ 𝑖 = 1 … . 𝑚                                (12) 

𝑑𝑖
′ ≥ 0                         ∀ 𝑖 = 1 … . 𝑚                                (13) 
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𝑏𝑖 − 𝑏𝑖2 + 𝑑𝑖
′′ ≥ 0    ∀ 𝑖 = 1 … . 𝑚                                  (14) 

𝑑𝑖
′′ ≥ 0                         ∀ 𝑖 = 1 … . 𝑚                                (15) 

 

To integrate the objective functions of the above model, following crisp linear model 16 will 

be concluded: 

 

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒  𝑧′ = ∑ 𝑐𝑖𝑥𝑖
𝑛
𝑗=1 − ∑ (

𝛿𝑗
+

𝑠𝑗1
−

𝛿𝑗
−

𝑠𝑗2
)𝑛

𝑗=1 − ∑ (
𝛿𝑗

′+

𝑠𝑗1
′ −

𝛿𝑗
′−

𝑠𝑗1
′ )𝑛

𝑗=1 − ∑ (
𝛿𝑖

′′+

𝑠𝑖1
′′ −

𝛿𝑖
′′−

𝑠𝑖2
′′ )𝑛𝑖

𝑖=1                            (16) 

Subject to: 
𝜇(𝑐𝑖1) + 𝑠𝑖1(𝑐𝑖 − 𝑐𝑖1) + (𝑠𝑖2 − 𝑠𝑖1) × (𝑐𝑖 − 𝑐𝑖2 + 𝑑) − 𝛿𝑖

+ + 𝛿𝑖
− = 1 

𝜇(𝑎𝑖1) + 𝑠𝑖1
′ (𝑎𝑖 − 𝑎𝑖1) + (𝑠𝑖2

′ − 𝑠𝑖1
′ ) × (𝑎𝑖 − 𝑎𝑖2 + 𝑑) − 𝛿𝑖

′+ + 𝛿𝑖
′− = 1 

𝜇(𝑏𝑖1) + 𝑠𝑖1
′′ (𝑏𝑖 − 𝑏𝑖1) + (𝑠𝑖2

′′ − 𝑠𝑖1
′′ ) × (𝑏𝑖 − 𝑏𝑖2 + 𝑑) − 𝛿𝑖

′′+ + 𝛿𝑖
′′− = 1 

 

Equations 9-15 

For more details refer to Yu and Li [9]. 

Applying this method to the presented tender participating selection yields fuzzy tender 

participating selection model. To that end, it is only required to conisder the coeficients of the 

variables 𝑥𝑖 and 𝑦𝑖 in Eq. 4 as the parameter 𝑐𝑖 of the above model, and the right hand side of 

the constraints (5) and (6), i.e. 𝐻𝑗 and 𝑀𝑗 as parameter 𝑏𝑖, and the parameters "ℎ𝑟𝑖𝑗 × 𝑝𝑖" and 

"𝑚𝑖𝑗 × 𝑝𝑖" as the parameters 𝑎𝑖𝑗 of the above model. 
 

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒 ∑ (𝑤𝑖𝑣𝑖𝑥𝑖 − 𝑐𝑖𝑥𝑖 − (𝑏𝑖 + 𝑤𝑖𝑣𝑖)𝑝𝑖𝑦𝑖)𝑖                                    (4) 

Subject to  

∑ ℎ𝑟𝑖𝑗 × 𝑝𝑖 × 𝑥𝑖𝑖 − ∑ ℎ𝑟𝑖𝑗 × 𝑝𝑖 × 𝑦𝑖 ≤ 𝐻𝑗𝑖             ∀𝑗 ∊ 𝐴                       (5) 

∑ 𝑚𝑖𝑗 × 𝑝𝑖 × 𝑥𝑖𝑖 − ∑ 𝑚𝑖𝑗 × 𝑝𝑖 × 𝑦𝑖 ≤ 𝑀𝑗𝑖             ∀𝑗 ∊ 𝐴                        (6) 

𝑦𝑖 ≤ 𝑥𝑖                                                                                ∀𝑖 ∊ 𝑇                         (7) 

 

To illustrate this problem, following example is exhibited. 

Example: 

Consider a firm which has 6 potential tenders to participate, the available human and 

financial resources for 5 future years are shown in Table 1. 

 
Table 1. Available firm’s resources 

Years 2022 2023 2024 2025 2026 

Human Resources 450 550 550 650 700 

Finance Resources 70 70 80 80 80 

 

The required human and financial resources for each tender during future years are specified 

in Table 2. 
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Table 2. Required resources of tenders 

 2022 2023 2024 2025 2026 

 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 

H
u

m
an

 R
. 

8
0
 

2
4

0
 

4
0
 

1
5

0
 

6
0
 

5
0
 

1
0

0
 

3
0

0
 

4
0
 

1
2

0
 

6
0
 

5
0
 

1
2

0
 

2
0

0
 

4
0
 

1
2

0
 

6
0
 

5
0
 

1
0

0
 

1
8

0
 

--
--

 

1
5

0
 

6
0
 

5
0
 

1
0

0
 

1
6

0
 

--
--

 

1
5

0
 

--
--

- 

--
--

- 

F
in

an
ce

 R
. 

2
0
 

2
5
 

1
0
 

3
5
 

1
5
 

3
5
 

2
0
 

3
5
 

1
0
 

5
0
 

1
5
 

3
5
 

2
0
 

3
5
 

1
0
 

5
0
 

1
5
 

3
5
 

2
0
 

3
5
 

--
--

 

5
0
 

1
5
 

2
0
 

2
0
 

3
5
 

--
--

 

5
0
 

--
--

 

--
--

 

 

The summary of Tables 1 and 2 are shown in Fig. 3. 

 

 
Fig. 3. The summary of problem definition 

 

In Fig. 3, the available resources are shown by horizental dashed lines. 

The other information of tenders is specified in Table 3. 

 
Table 3. Tender’s data 

Tender No. 1 2 3 4 5 6 

Winning Probability 0.5 0.85 0.4 0.75 0.4 0.4 

Profit (𝑤𝑖𝑣𝑖) 400 600 150 900 350 300 

Proposal Preparing Cost 5 10 5 25 5 5 

 

With the assumption of 50% tolerance in all parameters specified in Tables 1, 2 and 3, the 

sample symmetric triangular fuzzy number is depicted in Fig. 4. 

 

 
Fig. 4. A triangle membership function with the assumption of 50% tolerance 
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Applying Yu and Li approach and using Lingo 15.0 software package, in the optimum 

solution the decision-makers should select tenders no. 1, 2 and 4, where in the crisp mode, only 

tenders no. 2 and 4 were selected. 

In order to analyze the effects of fuzzy numbers on the final solution, the expected value of 

profits are determined considering different tolerances of the fuzzy numbers and the results are 

specified in Fig. 5. 

 

 
Fig. 5. Sensevity analysis on fuzzy numbers 

 

According to Fig. 5, the OFV increases as the tolerances of the fuzzy numbers increase. 

Moreover, it is found that when the tolerances increase from 0% up to 10%, no changes in the 

optimum solution arises which means that this solution is robust against any uncertainty in 10% 

interval.  

 

Variable tender winning probability mode 
 

In previous sections of the paper, we have discussed the problem of the constant condition of 

tender winning probability, in this situation the desired interest of each project is determined 

by the model. In this section, we consider a situation in which the desired interest and therefore 

the probability of winning the tender is variable and should be determined by solving the model. 

Here is the explanation of the mathematical model. 

As it is explained before by eliminating the variable y, the mathematical model of this 

problem is achieved as follows: 

 
𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒 ∑ (𝑤𝑖𝑥𝑖 − 𝑐𝑖𝑥𝑖)𝑖                                                                           (17) 

Subject to: 

∑ ℎ𝑟𝑖𝑗 × 𝑝𝑖 × 𝑥𝑖𝑖 ≤ 𝐻𝑗                                                               ∀𝑗 ∊ 𝐴                    (18) 

∑ 𝑚𝑖𝑗 × 𝑝𝑖 × 𝑥𝑖𝑖 ≤ 𝑀𝑗                                                              ∀𝑗 ∊ 𝐴                    (19) 

 

Considering p as a variable, the Eqs. 18 and 19 are non-linear, These equations can be 

replaced with integer linear Eqs. 20-23. 
 

∑ ℎ𝑟𝑖𝑗 × 𝑧𝑖 ≤ 𝐻𝑗𝑖                                                                       ∀𝑗 ∊ 𝐴                   (20) 

∑ 𝑚𝑖𝑗 × 𝑧𝑖𝑖 ≤ 𝑀𝑗                                                                       ∀𝑗 ∊ 𝐴                  (21) 

𝑧𝑖 ≤ 𝐵 × 𝑥𝑖                                                                                 ∀𝑗 ∊ 𝐴                   (22) 

𝑧𝑖 ≥ 𝑃𝑖 − 𝐵 × (1 − 𝑥𝑖)                                                            ∀𝑗 ∊ 𝐴                   (23) 
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Where, 𝑧𝑖 is a variable, and 𝐵 is a big constant equals 1, as we have always 𝑃𝑖 ≤1 .  

 

Computational fuzzy approach for ILP mode  
 

As it is specified before several different approaches have been presented in the case of solving 

linear programming with imprecise coefficients. One of the simplest ones is Fuller's approach 

presented by Lai and Hwang [10]. In this method simply the fuzzy numbers replaced with crisp 

numbers. In order to convert the triangular fuzzy number (𝑐1 𝑐2 𝑐3) to crisp one, Eq. 24 is used.  

 

𝑐 =
𝑐1+𝑐2+𝑐3

3
                                                                                               (24) 

 

Using this approach, the final optimum answer for the above-introduced example will be as 

shown in Table 4. 

 
Table 4. The final decision based on consiering p as a variable 

Tender No. 1 2 4 5 

Winning Probability 0.52 0.58 0.89 0.66 

Profit (𝑤𝑖𝑣𝑖) 406 711 970 422 

 

As shown in Table 4 by this mathematical model, the decision-maker can consider different 

ROR and probability of winning the tenders to reach the best possible solution. In other words, 

this solution specifies the price which should be quoted in the tender, by the company. 

Obviously, this solution cannot be achieved by any other tools except solving the mathematical 

model. By the proposed model, the future income of the company, as well as the profits, can be 

estimated which make proper substructure for strategy planning. 

 

Conclusions  
 

This paper addressed a company willing to select the best possible tenders considering limited 

finance and human resources, in order to maximize the profits by participating in money-

making and low risk tenders considering all available resources. In this paper, two mathematical 

models including a multi-objective binary model and a mixed-integer model were introduced. 

Considering the uncertainty of parameters, two different fuzzy approaches were applied. 

Finally, to illustrate the application of the proposed models an illustrative example was 

presented. The results showed that by considering the fuzzy approach we increase the chance 

of reaching higher benefits for the company. Moreover, by the assumption of considering p, 

probability of winning the tender, as a variable, the decision-makers had different choices by 

tuning the quoted price which affects the ROR as well as the probability of winning the tenders. 

For future researches, the two stage stochastic programming is suggested to apply to the model, 

and the L-shape method is utilized to solve the problem where the Sub-Problems are the same 

as the problems addressed in this paper. 
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