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Abstract: The performance evaluation of construction project management is the process of 

comprehensively assessing the effectiveness and efficiency of project management based on 

key indicators such as cost, schedule, quality, and safety. Through quantitative analysis and 

comprehensive evaluation, it identifies strengths and weaknesses in management, ensuring the 

achievement of project goals and providing references for future improvements. This 

evaluation not only helps optimize resource allocation but also enhances the overall level of 

project management, ensuring the project is completed on time, with quality, and efficiently. 

The performance evaluation of construction project management is multiple-attribute decision-

making (MADM). Currently, the EVAMIX approach is employed to implement MADM. The 

type-2 neutrosophic sets (T2NSs) are administrated as an efficient approach for manipulating 

uncertain information during the performance evaluation of construction project management. 

In this paper, the type-2 neutrosophic number EVAMIX (T2NN-EVAMIX) approach is 

administrated for MADM. The average approach is to put forward weight information with 

T2NSs. Finally, a numerical example for performance evaluation of construction project 

management is administrated and some efficient comparisons are found to verify the T2NN-

EVAMIX approach. The major contribution of this paper is administrated: (1) The average 

approach is utilized to manage the weight numbers based on T2NSs; (2) the T2NN-EVAMIX 

approach is administrated for MADM under T2NSs; (3) Finally, a numerical example for 

performance evaluation of construction project management is administrated and (4) some 

comparisons are administrated to show some advantages of T2NN-EVAMIX approach. 
 

Keywords: Multiple attribute decision making (MADM); type-2 neutrosophic sets (T2NSs); 

T2NN-EVAMIX; performance evaluation of construction project management 

 

1. Introduction 

In recent years, rapid economic growth has fueled a continuous increase in railway 

transportation mileage and government investment in railway construction [1]. To achieve the 

desired outcomes of railway engineering projects, effective project management is crucial. It's 

a critical factor influencing the quality of railway infrastructure.    

Railway engineering construction is a complex process influenced by various factors, including 

personnel, materials, equipment, technology, environment, and construction timelines. 

University of New Mexico 
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Adverse conditions such as geographical constraints and weather patterns also pose significant 

challenges [2]. Implementing scientific and reasonable project management measures is 

essential to mitigate these challenges and enhance the quality of railway engineering projects.    

Selecting the appropriate management model for specific railway projects requires careful 

comparison and analysis of existing project management methods to meet expected standards. 

Railway construction offers substantial social and economic benefits, making it a key 

investment target for national and local governments [3]. Supported by national policies, 

railway construction has achieved remarkable progress. However, challenges persist: 

The absence of a comprehensive theoretical system for railway project management contributes 

to inconsistencies in management capabilities, hindering overall effectiveness. 

The mismatch between project management and construction needs: This disparity negatively 

impacts the quality of railway engineering projects and needs urgent attention from 

government departments and construction units. 

The current investment management system needs better adaptability to accommodate diverse 

investment sources, channels, and methods. Some projects exhibit inappropriate management 

practices, and investment behaviors during construction are not accurately recognized as 

investment property rights [4, 5]. 

Factors such as the sense of responsibility among investors, slow improvement in management 

expertise, and the effectiveness of bidding management personnel and supervision engineers 

can negatively impact project quality [6, 7, 8]. 

Insufficient supervision and management can lead to projects failing to meet quality standards, 

hindering effectiveness [9, 10]. Furthermore, corruption, high investment costs, and low quality 

remain concerns in some railway engineering projects. 

 

1.1 Addressing the Challenges 
 

To enhance the quality and efficiency of railway engineering projects, several steps are crucial: 

Develop a comprehensive theoretical framework: A robust theoretical system for railway 

project management will provide a standardized approach, improve consistency, and enhance 

effectiveness. 

Align project management with construction requirements: Bridging the gap between 

management practices and construction needs is vital to ensure project quality and meet 

deadlines [11, 12]. 

Improve the investment management system: The system should be adapted to accommodate 

diverse investment patterns, ensure accurate recognition of investment property rights, and 

promote self-investment control, risk management, and sustainable development. 

Strengthen oversight and accountability: Increased supervision and management are essential 

to ensure project quality, control costs, and prevent corruption.    

By addressing these challenges, railway engineering projects can effectively contribute to 

improving China's railway transportation network and support economic growth. 
 

1.2 Performance Evaluation 

Performance evaluation of construction project management is a Multi-Attribute Decision 

Making (MADM) problem. The EVAMIX approach [15-17] is currently used to implement 
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MADM. Type-2 Neutrosophic Sets (T2NSs) [18] offer an efficient technique for handling fuzzy 

information in performance evaluation.    

This study employs the T2NN-EVAMIX approach for MADM under T2NSs. The average 

approach is used to determine weight information with T2NSs. A numerical example for 

performance evaluation of construction project management is presented, and comparisons are 

made to validate the T2NN-EVAMIX approach. 

 

1.3 Paper Organization  

Section 2 introduces T2NSs. 

Section 3 presents the MADM based on the T2NN-EVAMIX approach. 

Section 4 outlines the development criteria. 

Section 5 provides a numerical example of performance evaluation in construction project 

management. 

Section 6 concludes the study. 

 

2. Type-2 Neutrosophic Numbers Definitions  

We define the operations of the Type-2 Neutrosophic numbers (T2NNs) [20,21] as: 

 

Definition 2.1 T2NN can be defined as:  

T2NN can be defined as 

𝑌 = {(𝑥, 𝐴𝑌(𝑥), 𝐵𝑌(𝑥), 𝐶𝑌(𝑥))| 𝑥 ∈ 𝑋}; 𝐴𝑌(𝑥) = (𝐴𝐴𝑌(𝑥), 𝐴𝐵𝑌(𝑥), 𝐴𝐶𝑌(𝑥))                                

;𝐵𝑌(𝑥) = (𝐵𝐴𝑌(𝑥), 𝐵𝐵𝑌(𝑥), 𝐵𝐶𝑌(𝑥)); 𝐶𝑌(𝑥) = (𝐶𝐴𝑌(𝑥), 𝐶𝐵𝑌(𝑥), 𝐶𝐶𝑌(𝑥))                                             

𝐴𝑌(𝑥) = ( 𝐴𝑌
1(𝑥), 𝐴𝑌

2(𝑥), 𝐴𝑌
3(𝑥)); 𝐵𝑌(𝑥) = ( 𝐵𝑌

1(𝑥), 𝐵𝑌
2(𝑥), 𝐵𝑌

3(𝑥)); 𝐶𝑌(𝑥) = ( 𝐶𝑌
1(𝑥), 𝐶𝑌

2(𝑥), 𝐶𝑌
3(𝑥))              

Where 𝐴𝑌(𝑥), 𝐵𝑌(𝑥), 𝐶𝑌(𝑥) → [0,1] and 0 ≤  𝐴𝑌
1(𝑥) + 𝐵𝑌

1(𝑥) + 𝐶𝑌
1(𝑥) ≤ 3  

 

Definition 2.2. We can define two T2NNs as: 

𝑌1 = ((𝐴𝐴𝑌1
(𝑥), 𝐴𝐵𝐼𝑌1

(𝑥), 𝐴𝐶𝑌1
(𝑥)) , (𝐵𝐴𝑌1

(𝑥), 𝐵𝐵𝑌1
(𝑥), 𝐵𝐶𝑌1

(𝑥)) , (𝐶𝐴𝑌1
(𝑥), 𝐶𝐵𝑌1

(𝑥), 𝐶𝐶𝑌1
(𝑥)) )  

𝑌2 = ((𝐴𝐴𝑌2
(𝑥), 𝐴𝐵𝑌2

(𝑥), 𝐴𝐶𝑌2
(𝑥)) , (𝐵𝐴𝑌2

(𝑥), 𝐵𝐵𝑌2
(𝑥), 𝐵𝐶𝑌2

(𝑥)) , (𝐶𝐴𝑌2
(𝑥), 𝐶𝐵𝑌2

(𝑥), 𝐶𝐶𝑌2
(𝑥)) )  

 

Definition 2.3. Some of two T2NNS as: 

𝑌1⨁𝑌2 =

{
 
 
 

 
 
 

(

𝐴𝐴𝑌1
(𝑥) + 𝐴𝐴𝑌2

(𝑥) − 𝐴𝐴𝑌1
(𝑥)𝐴𝐴𝑌2

(𝑥),

𝐴𝐵𝑌1
(𝑥) + 𝐴𝐵𝐼𝑌2

(𝑥) − 𝐴𝐵𝑌1
(𝑥)𝐴𝐵𝑌2

(𝑥),

𝐴𝐶𝑌1
(𝑥) + 𝐴𝐶𝑌2

(𝑥) − 𝐴𝐶𝑌1
(𝑥)𝐴𝐶𝑌2

(𝑥)

) ,

(𝐵𝐴𝑌1
(𝑥)𝐵𝐴𝑌2

(𝑥), 𝐵𝐵𝑌1
(𝑥)𝐵𝐵𝑌2

(𝑥), 𝐵𝐶𝑌1
(𝑥)𝐵𝐶𝑌2

(𝑥)) ,

(𝐶𝐴𝑌1
(𝑥)𝐶𝐴𝑌2

(𝑥), 𝐶𝐵𝑌1
(𝑥)𝐶𝐵𝑌2

(𝑥), 𝐶𝐶𝑌1
(𝑥)𝐶𝐶𝑌2

(𝑥)) }
 
 
 

 
 
 

                      (1) 

 

Definition 2.4. Multiplication of two T2NNS as: 
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𝑌1⊗𝑌2 =

{
 
 
 
 

 
 
 
 (𝐴𝐴𝑌1

(𝑥)𝐴𝐴𝑌2
(𝑥), 𝐴𝐵𝑌1

(𝑥)𝐴𝐵𝑌2
(𝑥), 𝐴𝐶𝑌1

(𝑥)𝐴𝐶𝑌2
(𝑥)) ,

(

𝐵𝐴𝑌1
(𝑥) + 𝐵𝐴𝑌2

(𝑥) − 𝐵𝐴𝑌1
(𝑥)𝐵𝐴𝑌2

(𝑥),

𝐵𝐵𝑌1
(𝑥) + 𝐵𝐵𝑌2

(𝑥) − 𝐵𝐵𝑌1
(𝑥)𝐵𝐵𝑌2

(𝑥),

𝐵𝐶𝑌1
(𝑥) + 𝐵𝐶𝑌12

(𝑥) − 𝐵𝐶𝑌1
(𝑥)𝐵𝐶𝑌2

(𝑥)

) ,

(

𝐶𝐴𝑌1
(𝑥) + 𝐶𝐴𝑌2

(𝑥) − 𝐶𝐴𝑌1
(𝑥)𝐶𝐴𝑌2

(𝑥),

𝐶𝐵𝑌1
(𝑥) + 𝐶𝐵𝑌2

(𝑥) − 𝐶𝐵𝑌1
(𝑥)𝐶𝐵𝑌2

(𝑥),

𝐶𝐶𝑌1
(𝑥) + 𝐶𝐶𝑌2

(𝑥) − 𝐶𝐶𝑌1
(𝑥)𝐶𝐶𝑌2

(𝑥)

)

}
 
 
 
 

 
 
 
 

                     (2) 

 

Definition 2.5. Multiplication of constant by one T2NNS as: 

 

𝜔𝑌1 =

{
 
 
 
 
 

 
 
 
 
 

(

 
 
 
(1 − (1 − 𝐴𝐴𝑌1

(𝑥))
𝜔

) ,

(1 − (1 − 𝐴𝐵𝑌1
(𝑥))

𝜔

) ,

(1 − (1 − 𝐴𝐶𝑌1
(𝑥))

𝜔

) )

 
 
 
,

((𝐵𝐴𝑌1
(𝑥))

𝜔

, (𝐵𝐵𝑌1
(𝑥))

𝜔

, (𝐵𝐶𝑌1
(𝑥))

𝜔

) ,

((𝐶𝐴𝑌1
(𝑥))

𝜔

, (𝐶𝐵𝑌1
(𝑥))

𝜔

, (𝐶𝐶𝑌1
(𝑥))

𝜔

) }
 
 
 
 
 

 
 
 
 
 

                                 (3) 

 

Definition 2.6. Power of consent by one T2NNS as: 

𝑌1
𝜔 =

{
 
 
 
 
 
 
 

 
 
 
 
 
 
 (((𝐴𝐴𝑌1

(𝑥))
𝜔

, (𝐴𝐵𝑌1
(𝑥))

𝜔

, (𝐴𝐶𝑌1
(𝑥))

𝜔

)) ,

(

 
 
 
 

(

 
 
 
(1 − (1 − 𝐵𝐴𝑌1

(𝑥))
𝜔

) ,

(1 − (1 − 𝐵𝐵𝑌1
(𝑥))

𝜔

) ,

(1 − (1 − 𝐵𝐶𝑌1
(𝑥))

𝜔

) )

 
 
 

)

 
 
 
 

,

(

 
 
 
 

(

 
 
 
(1 − (1 − 𝐶𝐴𝑌1

(𝑥))
𝜔

) ,

(1 − (1 − 𝐶𝐵𝑌1
(𝑥))

𝜔

) ,

(1 − (1 − 𝐶𝐶𝑌1
(𝑥))

𝜔

) )

 
 
 

)

 
 
 
 

}
 
 
 
 
 
 
 

 
 
 
 
 
 
 

                               (4) 

 

Definition 2.7. The score function is: 

𝑆(𝑌1) =
1

12
∗

(

  
 
8 + (𝐴𝐴𝑌1

(𝑥) + 2 ∗ 𝐴𝐵𝑌1
(𝑥) + 𝐴𝐶𝑌1

(𝑥)) +

(𝐵𝐴𝑌1
(𝑥) + 2 ∗ 𝐵𝐵𝑌1

(𝑥) + 𝐵𝐶𝑌1
(𝑥)) +

(𝐶𝐴𝑌1
(𝑥) + 𝐶𝐵𝑌1

(𝑥) + 𝐶𝐶𝑌1
(𝑥)) )

  
 

                           (5) 

3. T2NN- EVAMIX Approach  

This section shows the steps of the T2NN- EVAMIX 

Step 3.1. Evaluate the criteria and alternatives. 
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T2NN is used to evaluate the criteria and alternatives. Then we used the score function to obtain one 

value, then we aggregate these values into one matrix. Then we compute the criteria weights. 

Step 3.2. Determine the superiority rate of alternatives. 

The criteria are divided into quantitative and qualitative criteria. Then the superiority rate of alternatives 

is computed as: 

𝑢𝑖𝑖, = [∑ {𝑤𝑗 × 𝑠𝑔𝑛(𝑡𝑖𝑗 − 𝑡𝑖,𝑗)}
𝑐

𝑗∈𝑂 ]
1/𝑐
; 𝑖, 𝑖 , ∈ {1,… ,𝑚}, 𝑗 = 1,… , 𝑛            (6) 

𝑛(𝑡𝑖𝑗 − 𝑡𝑖,𝑗) = {

−1   𝑖𝑓𝑡𝑖𝑗 < 𝑡𝑖,𝑗 

0   𝑖𝑓𝑡𝑖𝑗 = 𝑡𝑖,𝑗
+1   𝑖𝑓𝑡𝑖𝑗 > 𝑡𝑖,𝑗

}                                        (7) 

Step 3.3. Determine the differential matrix of ordinal criteria. 

𝑅𝑖𝑖, =
(𝑢𝑖𝑖,−min𝑢𝑖𝑖,)

max𝑢𝑖𝑖,−min𝑢𝑖𝑖,
                                                  (8) 

Step 4.4. Determine the differential matrix of cardinal criteria. 

𝐹𝑖𝑖 , =
(𝑢𝑖𝑖,−min𝑢𝑖𝑖,)

max𝑢𝑖𝑖,−min𝑢𝑖𝑖,
                                                   (9) 

Step 5.5. Compute the total dominance 

𝐷𝑖𝑖, = 𝑤𝑜𝑅𝑖𝑖, +𝑤𝑐𝐹𝑖𝑖,                                                 (10) 

Where 𝑤𝑜 = ∑ 𝑤𝑗𝑗∈𝑜  and 𝑤𝑜 = ∑ 𝑤𝑗𝑗∈𝑐                                  (11) 

𝑁𝑖 = [∑
𝐷𝑖,𝑖

𝐷𝑖𝑖,
𝑖, ]

−1

                                                     (12) 

Step 3.6. Rank the alternatives. 

 

4. Description of the Criteria 

Below is a detailed list of 20 evaluation criteria for construction project management. Each criterion is 

marked as quantitative (Q) or qualitative (Ql) and ranked in order of importance, from highest to lowest. 

1. Time Management (Q) 

Ability to meet deadlines and complete milestones according to the project schedule. 

2. Budget Adherence (Q) 

The extent to which the project remains within the approved budget. 

3. Quality of Work (Ql) 

Compliance with design specifications and industry standards. 

4. Risk Management (Ql) 

Effectiveness in identifying, mitigating, and addressing risks throughout the project. 

5. Safety Management (Ql) 

Implementation of safety protocols and practices to ensure a secure working environment. 

6. Stakeholder Satisfaction (Ql) 

Degree of satisfaction among clients, contractors, and other stakeholders regarding project outcomes. 

7. Resource Utilization Efficiency (Q) 

Optimal use of manpower, materials, and machinery. 

8. Communication Effectiveness (Ql) 

Clarity, timeliness, and accuracy of information sharing between project teams and stakeholders. 

9. Contract Management (Ql) 
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Adherence to contractual terms and conditions, including compliance with timelines and payment 

schedules. 

10. Environmental Sustainability (Ql) 

Integration of eco-friendly practices in construction, including waste reduction and energy efficiency. 

11. Compliance with Regulations (Ql) 

Adherence to local laws, codes, and regulatory requirements. 

12. Innovation and Technology Integration (Ql) 

Use of advanced tools and technology, such as Building Information Modeling (BIM) or project 

management software. 

13. Supply Chain and Logistics Efficiency (Q) 

Effectiveness in procurement, transportation, and delivery of materials to prevent delays. 

14. Change Management (Ql) 

Ability to handle changes in project scope or conditions without significantly affecting project goals. 

15. Team Productivity (Q) 

Assessment of workforce efficiency and output during project execution. 

16. Cost-Effectiveness (Q) 

Evaluates the balance between project expenditures and the value delivered. 

17. Facility and Equipment Maintenance (Q) 

Timely upkeep of machinery and equipment to prevent disruptions. 

18. Feedback Mechanisms (Ql) 

Systems in place to gather and act on feedback from stakeholders and teams. 

19. Cultural and Workforce Inclusivity (Ql) 

Measures to ensure diversity, equity, and inclusion in team composition and decision-making processes. 

20. Post-Project Evaluation and Learning (Ql) 

Review of project outcomes to identify successes, lessons learned, and areas for improvement. 

Table 1. T2NN decision matrix. 
 A1 A2 A3 A4 A5 

C1 ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) 
C2 ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) 
C3 ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) 
C4 ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) 
C5 ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) 
C6 ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) 
C7 ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) 
C8 ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) 
C9 ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) 
C10 ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) 
C11 ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) 
C12 ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) 
C13 ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) 
C14 ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) 
C15 ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) 
C16 ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) 
C17 ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) 
C18 ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) 
C19 ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) 
C20 ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) 

 A1 A2 A3 A4 A5 

C1 ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) 
C2 ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) 
C3 ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) 
C4 ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) 
C5 ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) 
C6 ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) 
C7 ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) 
C8 ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) 
C9 ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) 
C10 ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) 
C11 ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) 
C12 ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) 
C13 ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) 
C14 ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) 
C15 ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) 
C16 ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) 
C17 ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) 
C18 ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) 
C19 ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) 
C20 ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) 

 A1 A2 A3 A4 A5 

C1 ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) 
C2 ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) 
C3 ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) 
C4 ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) 
C5 ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) 
C6 ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) 
C7 ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) 
C8 ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) 
C9 ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) 
C10 ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) 
C11 ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) 
C12 ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) 
C13 ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) 
C14 ((0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) 
C15 ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) 
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C16 ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) 
C17 ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) ((0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)) 
C18 ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)) 
C19 ((0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) 
C20 ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) ((0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)) ((0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)) 

 

5. Application: Performance Evaluation of Construction Projects using the T2NN-EVAMIX 

Approach  

This numerical example demonstrates the performance evaluation of five railway construction projects 

(A1 through A5) using the T2NN-EVAMIX approach. The evaluation considers multiple attributes 

(criteria) to determine the most favorable project. 

Step 1: Evaluation and Weighting 

Type-2 Neutrosophic Sets (T2NSs) were utilized to evaluate the projects against each criterion, as 

detailed in Table 1. A score function was applied to derive crisp values from the T2NSs, and these values 

were compiled into a decision matrix. Subsequently, the weights of each criterion were calculated as 

shown in Tabel 2. 

Table .2 The crietria weights. 
Synmbol Weights Rank 

C1 0.050170987 12 

C2 0.049797215 8 

C3 0.050038958 10 

C4 0.048900906 2 

C5 0.050749311 16 

C6 0.051887363 20 

C7 0.050747451 15 

C8 0.049706096 7 

C9 0.049213312 4 

C10 0.049581506 6 

C11 0.047491358 1 

C12 0.051085891 18 

C13 0.051106347 19 

C14 0.04930815 5 

C15 0.049853002 9 

C16 0.050068711 11 

C17 0.04896785 3 

C18 0.050170987 12 

C19 0.050957582 17 

C20 0.050197021 14 

 

Step 2: Determining Superiority Rates 

Pairwise comparisons of the five alternatives were conducted to determine the superiority rate of each 

alternative over the others. This involved assessing the performance of each alternative relative to the 

others for every criterion. 

Step 3: Constructing the Differential Matrix for Ordinal Criteria 

Ordinal criteria, which are qualitative and can be ranked but not precisely measured, were evaluated. A 

differential matrix was constructed to represent the performance differences between alternatives based 

on these ordinal criteria. 

Step 4: Constructing the Differential Matrix for Cardinal Criteria 

Cardinal criteria, which are quantitative and measurable, were analyzed. A differential matrix was 

created to illustrate the performance differences between alternatives based on these cardinal criteria. 

Step 5: Computing Total Dominance 
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The information from the differential matrices of both ordinal and cardinal criteria was aggregated to 

compute the total dominance of each alternative. This measure reflects the overall performance 

superiority of an alternative considering all criteria. 

Step 6: Ranking the Alternatives 

Based on the calculated total dominance values, the alternatives were ranked in descending order of 

preference: 

A4 > A3 > A1 > A2 > A5 

 

5.1 Discussion of Results 

The performance evaluation of construction project management is a systematic and comprehensive 

assessment of the key aspects of the management process within construction projects. Its primary 

purpose is to analyze and assess the effectiveness, efficiency, and outcomes of project management using 

scientific evaluation methods, ensuring that projects are completed on time, within budget, and meet 

quality standards, while also providing a basis for improving the management of future projects. Firstly, 

performance evaluation typically covers several core dimensions, including cost management, schedule 

control, quality assurance, safety management, and resource utilization. Cost management focuses on 

evaluating whether the project operates within the budget and whether resources are allocated and used 

efficiently. Schedule control assesses whether the project progresses as planned and if there are any 

delays or unreasonable timelines. In terms of quality assurance, the evaluation ensures that the project 

meets design standards and relevant regulations through inspections and acceptance testing. Safety 

management ensures that the construction process complies with safety regulations, minimizing the 

occurrence of accidents. Lastly, the assessment of resource utilization examines whether labor, materials, 

and financial resources are used efficiently and whether their utilization is maximized. Secondly, 

construction project management performance evaluation is not merely an assessment of the outcome 

but also serves as a tool for monitoring and providing feedback throughout the entire management 

process. By regularly tracking and evaluating the project, potential problems and deficiencies can be 

identified early, preventing them from accumulating and becoming more severe later in the project. For 

instance, by evaluating the schedule, adjustments can be made to the construction plan to ensure smooth 

progress; through cost control evaluation, the risk of budget overruns can be identified and corrective 

actions taken promptly. Moreover, performance evaluation is often based on quantitative indicators and 

standards, which can be developed from historical project data, market standards, or industry regulations. 

For example, cost variance, schedule completion rate, quality compliance rate, and safety incident rate 

are all important metrics for measuring project management performance. These quantitative indicators 

allow managers to objectively assess the project's actual situation and develop targeted improvement 

measures. Finally, the significance of performance evaluation in construction project management lies 

not only in controlling the current project but also in its guiding role for future projects. By evaluating 

existing projects, managers can accumulate valuable lessons and experiences that provide a reference for 

planning and executing future projects. Performance evaluation can also drive innovation in project 

management techniques, optimize management processes, and enhance the overall management 

capabilities of the team. In summary, the performance evaluation of construction project management is 
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a crucial tool for ensuring the successful implementation of projects. Through comprehensive analysis 

and assessment of the management process, it helps managers identify problems, optimize decision-

making, and improve efficiency, thereby maximizing the project's economic and social benefits. 

However, the performance evaluation of construction project management is MADM. 

5.2 Comparative analysis 

Then, the T2NN-EVAMIX approach is compared, with the GRA approach [22], VIKOR 

approach[23], cross-entropy (CE) approach [24], and MABAC approach [19]. The order is administered 

in Table 3. 

Table 3. The order  

Approach  Order 

MABAC approach  A4>A1>A3>A2>A5 

VIKOR approach  A4>A3>A2>A1>A5 

GRA approach  A4>A1>A3>A2>A5 

CE approach A4>A3>A2>A1>A5 

Our approach  A4>A3>A1>A2>A5 
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Then, the order similarity coefficients between the GRA approach[22], VIKOR approach[23], cross-entropy 

(CE) approach [24], MABAC approach [19] and EVAMIX approach were administrated with WS coefficients 

[25, 26], the WS is administrated in Table 4. 

Table 4. The WS coefficient  

 
Our approach MABAC approach VIKOR approach GRA approach CE approach 

Coefficients WS 0.9 0.9 0.9 0.9 

 

The WS coefficient shows the order of the T2NN-EVAMIX approach are same as to order of the GRA 

approach[22], the VIKOR approach[23], the cross-entropy (CE) approach [24], the MABAC approach [19]; the 

WS coefficient shows the order of T2NN approach are slightly different to order of different approach. This 

verifies the T2NN-EVAMIX approach is effective. The advantages of the T2NN-EVAMIX approach are 

administrated by calculating the superiority rate from each alternative. 

5. Conclusion 

The performance evaluation of construction project management is a systematic and comprehensive assessment 

of the project management process. It aims to measure the actual effectiveness of management by analyzing 

multiple dimensions, such as cost control, schedule management, quality assurance, safety, and resource 

allocation. The evaluation not only focuses on whether the project is completed as planned but also examines 

the effectiveness of management strategies, the rationality of resource utilization, and the efficiency of team 

collaboration. Through quantitative indicators and standards, performance evaluation helps identify problems 

and shortcomings in project management, providing a basis for improving management methods and increasing 

efficiency. Additionally, it offers valuable insights and references for the planning and implementation of future 

projects. Ultimately, performance evaluation ensures that projects are completed on time, within budget, and to 

the desired quality, while also enhancing the management capabilities of the team and improving project 

operational efficiency. This maximizes both the economic and social benefits of the project. The performance 

evaluation of construction project management is MADM. Currently, the EVAMIX approach and average 

approach are employed to implement the MADM. The T2NSs are administrated as an efficient technique for 

manipulating the fuzzy information during the performance evaluation of construction project management. In 

this study, the T2NN-EVAMIX approach is administrated for MADM under T2NSs. The average approach is 

to put forward weight information with T2NSs. Finally, a numerical example for performance evaluation of 

construction project management is administrated and some efficient comparisons are found to verify the 

T2NN-EVAMIX approach. The major contribution of this paper is administrated: (1) The average approach is 

utilized to manage the weight numbers under T2NSs; (2) the T2NN-EVAMIX approach is administrated for 

MADM under T2NSs; (3) Finally, a numerical example for performance evaluation of construction project 

management is administrated and (4) some comparisons are administrated to show some advantages of T2NN-

EVAMIX approach.  
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