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Today, companies are competing to improve the innovation cycle time in order to gain pioneering advantages in the market. To achieve this goal, these companies could apply the TRIZ-based systematic approaches such as Inventive the Design Methodology (IDM). Nevertheless, one of the criticisms often leveled is that these approaches are time-consuming due to the demands for building a complete map to clarify a problem situation in the initial analysis phase of the inventive design process. As a result, the Inverse Problem Graph (IPG) method has been proposed to increase the agility of the process by starting the problem formulation from an initial problem located in the lower level of a problem situation. The application of the IPG method decreases problem formulation time by identifying a limited number of problems. However, this method does not provide any tool for prioritizing the initial problems in the process. The purpose of this article is to integrate a Failure Mode Effect Analysis (FMEA) -Analytic Hierarchy Process (AHP) based method into the IPG method to prioritize the initial problems in the rst phase of the design process. The proposal capability is nally tested through its application in a case study on the Lattice Structure.

Introduction

In today's fast-changing business environment, many companies are seeking effective means to reduce their innovation cycle time [1]. Among them, it is possible to mention the TRIZ-based systematic approaches, such as the Inventive Design Methodology (IDM), which help companies to reduce the amount of time needed to obtain the optimal solutions [2], [START_REF] Cavallucci | Designing the Inventive Way in the Innovation Era[END_REF]. Nevertheless, one of the drawbacks of these approaches is that they use the methods such as Problem Graph, Network of Problems, which require a complete map of the problem situation. This makes the inventive design process very timeconsuming [START_REF] Hani | A Method to Formulate Problem in Initial Analysis of Inventive Design[END_REF]. To solve this problem, Hani et al. [START_REF] Hani | Contribution to TRIZ in Combining Lean and Inventive Design Method[END_REF], [START_REF] Hani | A Method to Formulate Problem in Initial Analysis of Inventive Design[END_REF] proposed the Inverse Problem Graph (IPG) by applying Lean principles [6]. The feature that differentiates IPG from other existing methods is the way used to formulate a complex problem. Tools such as Network of Problems require looking for the effect of a general problem located at the upper level of a problem situation. In contrast, IPG allows designers to look for the causes of an initial problem at the lower level, helping to improve the agility of the inventive design process. However, IPG does not provide a method for prioritizing the existing initial problems by considering project criteria. Hence, it is necessary to integrate this method with approaches such as FMEA to select the most critical initial problem.

FMEA is a widely applied engineering technique to improve a system by identifying and eliminating potential failures [START_REF] Wang | A risk evaluation and prioritization method for FMEA with prospect theory and Choquet integral[END_REF]. The original version of this technique uses the Risk Priority Number (RPN) method to prioritize the identi ed failures [8]. However, the RPN method has been criticized in the literature due to some drawbacks [START_REF] Liu | Improving Risk Evaluation in FMEA With Cloud Model and Hierarchical TOPSIS Method[END_REF]. Therefore, many authors have proposed to integrate the FMEA approach with alternative methods such as the Analytical Hierarchy Process (AHP) [START_REF] Lo | A novel multiple-criteria decision-making-based FMEA model for risk assessment[END_REF].

The Analytic Hierarchy Process is a mathematical method for prioritizing a given set of alternatives by considering the decision criteria [START_REF] Kurttila | Utilizing the analytic hierarchy process (AHP) in SWOT analysis-a hybrid method and its application to a forest-certi cation case[END_REF]. Since AHP's introduction, this method has been applied to many types of decision problems, such as the justi cation of new manufacturing technology or the evaluation of strategic alternatives [START_REF] Jiaqin | An AHP decision model for facility location selection[END_REF]. This paper aims to integrate the FMEA and AHP methods into the Inverse Problem Graph process. In this integration, FMEA helps to identify the initial problems, and AHP contributes to prioritizing them. The main contribution of the paper is to introduce a methodology for formulating the most crucial contradiction in each iteration of the initial analysis of inventive design.

The rest of the paper is organized as follows: In the rst part, we present the literature relating to the IDM framework, a description of the FMEA method and its integration to improve TRIZ, and a review of the AHP method. Then, the second part shows the structure of the proposal and its application in the Lattice Structure case study. In the last part, we present a comparison between our proposal and the classical method, a discussion, and the conclusion of the paper.

State Of The Art

Inventive Design Methodology (IDM) framework

Due to the development of IPG in the framework of Inventive Design Methodology, we need to provide a brief description of this framework. IDM is a systematic TRIZ-based approach introduced to complement the TRIZ's body of knowledge with other theories such as graph theory [START_REF] Cavallucci | From TRIZ to Inventive Design Method (IDM): towards a formalization of Inventive Practices in R&D Departments[END_REF]. The IDM's framework consists of the following phases [START_REF] Zanni-Merk | Use of formal ontologies as a foundation for inventive design studies[END_REF]:

1. Initial Analysis Phase: This phase begins with the collection of all the knowledge related to the problem situation. Then, this collected knowledge is converted into a graphical model using tools such as Inverse Problem Graph or Problem Graph [START_REF] Cavallucci | Designing the Inventive Way in the Innovation Era[END_REF].

Contradiction Formulation Phase:

The aim of this phase is to formulate the contradictions used as inputs for the application of TRIZ tools [START_REF] Cavallucci | From TRIZ to Inventive Design Method (IDM): towards a formalization of Inventive Practices in R&D Departments[END_REF], [START_REF] Chibane | Innovation beyond optimization: Application to cutting tool design[END_REF]. to select the most appropriate ones [START_REF] Cavallucci | From TRIZ to Inventive Design Method (IDM): towards a formalization of Inventive Practices in R&D Departments[END_REF].

Solution Concept Synthesis

In this paper, we will focus on the initial analysis phase (phase 1) of this TRIZ-based framework. In the next section, we will provide a description of the FMEA method. Furthermore, we will review its closest studies to the rst phase of IDM.

FMEA method and its integration to improve TRIZbased processes

Failure Mode and Effect Analysis (FMEA) is a widely applied methodology for identifying and prioritizing critical failures in a system [START_REF] Liu | Improving Risk Evaluation in FMEA With Cloud Model and Hierarchical TOPSIS Method[END_REF], [START_REF] Rhee | Using cost based FMEA to enhance reliability and serviceability[END_REF]. Since the introduction of FMEA in 1960, FMEA has been applied in various elds such as the chemical, aeronautical, automotive, marine and nuclear industries [START_REF] Wang | A risk evaluation and prioritization method for FMEA with prospect theory and Choquet integral[END_REF].

Several authors have proposed to integrate FMEA into TRIZ. Among these integrations, Russo et al. [18] developed a tool by integrating FMEA, TRIZ function analysis, and Anticipatory Failure Determination (AFD) to identify the cause of failure. Besides, Regazzoni et al. integrated FMEA with TRIZ function analysis and Su-Fields models. This integration aimed to reduce failure occurrence by increasing the capability of anticipating problems and technical solutions [START_REF] Regazzoni | TRIZ tools to enhance risk management[END_REF]. Moreover, Mzougui et al. proposed to integrate the advantages of the TRIZ AFD method into FMEA. The objective of this integration was to improve the failure identi cation process [START_REF] Mzougui | Proposition of a modi ed FMEA to improve reliability of product[END_REF]. In addition, Sprea co et al. proposed to enhance the FMEA by integrating functional analysis, Film Maker, perturbed functional analysis, and subversion analysis [START_REF] Sprea Co | Case: Can TRIZ Functional Analysis Improve FMEA?[END_REF]. But closer to our research, Hakim et al. proposed to apply FMEA to prioritize the output contradictions of the Network of Problems (NoP) [START_REF] Hakim | Reduction Defect in Sewing Work Stations by Integrating OTSM-TRIZ and FMEA[END_REF]. This application can reduce the number of contradictions to solve in subsequent phases of inventive design. Furthermore, it can help designers to focus on problems with a higher degree of importance. However, this proposal cannot help to decrease the number of formulated problems and contradictions in the initial analysis phase of the inventive design.

The traditional FMEA approach prioritizes the failures utilizing the Risk Priority Number (RPN), which is calculated by multiplying the scores of risk factors, namely, detection (D), severity (S), and occurrence (O) as shown in Eq. 1 [START_REF] Sawhney | A modi ed FMEA approach to enhance reliability of lean systems[END_REF].
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The classical RPN formula is straightforward and very simple to understand [START_REF] Ciani | A Critical Comparison of Alternative Risk Priority Numbers in Failure Modes, Effects, and Criticality Analysis[END_REF]. However, the RPN formula only consider three factors to prioritize failures, which may neglect other important factors such as time, cost, urgency, etc. [START_REF] Mzougui | Proposition of a modi ed FMEA to improve reliability of product[END_REF]. Besides, it does not take into consideration the possible weights for the importance of its risk factors [START_REF] Lo | A novel multiple-criteria decision-making-based FMEA model for risk assessment[END_REF]. To overcome the mentioned limitations, several studies in the literature have developed various models [START_REF] Lo | A novel multiple-criteria decision-making-based FMEA model for risk assessment[END_REF]. The analytic hierarchy process (AHP) is one of these models.

Analytical Hierarchy Process (AHP)

AHP is an approach that was developed to support multi-criteria decision making [START_REF] Wang | An integrated AHP-DEA methodology for bridge risk assessment q[END_REF]. Satty introduced this approach to determine a ranking of the choices when all the decision criteria are considered [26]. The process of the AHP method consists of the following steps [START_REF] Dağdeviren | Decision making in equipment selection: an integrated approach with AHP and PROMETHEE[END_REF]:

(1) In the rst step, a hierarchical structure is established [28]. To do so, AHP decomposes a complex decision problem into a hierarchy of interrelated decision alternatives and criteria [START_REF] Dağdeviren | Decision making in equipment selection: an integrated approach with AHP and PROMETHEE[END_REF]. This hierarchy consists of at least three levels: the decision alternatives at the bottom, the criteria in the middle of the structure, and the objective located at the top level [START_REF] Wang | An integrated AHP-DEA methodology for bridge risk assessment q[END_REF].

(2) The second step is to construct the pairwise comparison matrix to indicate the importance of criteria and alternatives [START_REF] Onut | Transshipment site selection using the AHP and TOPSIS approaches under fuzzy environment[END_REF]. The construction of this matrix is performed according to a numerical rating

RP N = S × O × D
including nine ranking scales, as shown in Table 1 [START_REF] Dağdeviren | Decision making in equipment selection: an integrated approach with AHP and PROMETHEE[END_REF].

(3) In the third step, the pairwise matrices should be normalized to calculate the priority weight of alternatives and criteria [START_REF] Onut | Transshipment site selection using the AHP and TOPSIS approaches under fuzzy environment[END_REF].

(4) The fourth step of AHP is de ned to check the consistency of the pairwise matrices output [START_REF] Dağdeviren | Decision making in equipment selection: an integrated approach with AHP and PROMETHEE[END_REF]. To do this, the consistency index (CI) is rst determined by applying the following equation [START_REF] Onut | Transshipment site selection using the AHP and TOPSIS approaches under fuzzy environment[END_REF]:
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Where λ max is the principal Eigenvalue, and n is the number of compared elements in the comparison matrix.

Then, the consistency ratio (CR) is obtained as the ratio between the CI and the random index (RI), as shown in Eq. 3 [28]. This ratio is used to check the consistency of the comparison matrix.
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In this equation, the value of RI relates to the dimension of the matrix, as shown in Table 1. The acceptable value of CR must be less than 0.1. Otherwise, the matrix construction process and its evaluation must be repeated [START_REF] Lin | Using AHP and TOPSIS approaches in customerdriven product design process[END_REF]. 

Proposed Method: Integration Of (Fmea-ahp) Into The Inverse Problem Graph

This proposed methodology consists of three phases to show the most important and critical contradiction in the rst iteration of the Inverse Problem Graph. Figure 1 illustrates these phases. In the rst phase, the application of the FMEA method helps to determine the objective, possible initial problems, and the project criteria. The second phase relates to prioritizing the initial problems by applying

C I = λ max -n n -1 CR = CI RI
the AHP method. Then, in the third phase, the inverse problem graph of the selected initial problem should be constructed.

In the rst phase, the initial problems and the criteria used to evaluate them are determined. This phase begins with the de nition of the project objective. Next, the initial problems are identi ed as the failure modes in the FMEA. In the nal step of this phase, the criteria are determined as the risk factors of the FMEA method.

The second phase is de ned to prioritize the initial problems by applying the AHP method. This phase consists of the following steps:

Step 1: Develop a hierarchical structure for the objective, initial problems, and criteria: In this step, the hierarchical structure related to the determined criteria, the identi ed initial problems, and the de ned objective should be developed, as shown in Fig. 2.

Step 2: Create pairwise comparison matrices for the initial problems: The second step of this phase relates to creating the pairwise comparison matrices of the initial problems by considering each criterion.

In this step, a numerical rating with nine ranking scales can be used, as shown in Table 2. Let A in Eq. 4 represent n x n pairwise contradiction matrix related to the initial problems. 

A = (a ij ) nxn = ⎡ ⎢ ⎢ ⎢ ⎢ ⎢ ⎢ ⎣ 1 a 12 … a 1n a 21 = 1 … a 2n ⋮ ⋮ ⋮ ⋮ a n1 = a n2 = … 1 ⎤ ⎥ ⎥ ⎥ ⎥ ⎥ ⎥ ⎦ 1 a 12 1 a 1n 1 a 2n
Step 3: Calculate relative priorities for the initial problem matrices: In this step, the priorities related to each initial problem in the matrices must be calculated. For this purpose, each set of column values is summed. Subsequently, each value in the matrices is divided by the sum of its column. Finally, the average of row values is calculated to obtain the priorities of the matrices.

Step 4: Calculate the consistency of initial problem matrices: It is necessary to check the consistency of the pairwise matrices related to the initial problems in the fourth step. This step includes the following sub steps: If the consistency ratio is less than the threshold of 0.1, the pairwise comparison matrix has an acceptable consistency; otherwise, the process of constructing the matrix must be repeated.

Step 5: Create a comparison matrix for the criteria: This step relates to creating the comparison matrix for the determined criteria in the rst phase with respect to the objective of the project. Let B, as shown in Eq. 7, represent m x m pairwise contradiction matrix related to the criteria.
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Step 6: Calculate relative priorities for the criteria matrix: In this step, we calculate the priorities related to each criterion in the matrix, as we should accomplish in Step 3 of the process for the initial problem

C I I P = λ max -n n -1 C R I P = C I I P RI B = (b ij ) mxm = ⎡ ⎢ ⎢ ⎢ ⎢ ⎢ ⎢ ⎣ 1 b 12 … b 1m b 21 = 1 … b 2m ⋮ ⋮ ⋮ ⋮ b m1 = b m2 = … 1 ⎤ ⎥ ⎥ ⎥ ⎥ ⎥ ⎥ ⎦ 1 b 12 1 b 1m 1 b 2m
matrices.

Step 7: Calculate the consistency of the criteria matrix: It is necessary to check the consistency of the pairwise matrix related to the criteria in step seven by applying the three following sub-steps: Here also, if the consistency ratio is less than the threshold of 0.1, the pairwise comparison matrix has an acceptable consistency; otherwise, the process of constructing the matrix should be repeated.

Step 8: Calculate the priority of each initial problem: In this step, the priorities of the initial problems with respect to the objective of the project should be calculated.

Step 9: Select the most important initial problem of the project: The last step of the second phase is to select the most important initial problem taking into account the calculated priorities.

After prioritizing the initial problems and selecting the most important one, it is time to identify the contradictions in the third phase through the application of the IPG method presented by [START_REF] Hani | Contribution to TRIZ in Combining Lean and Inventive Design Method[END_REF]. The capability of our proposal will be illustrated in the next section using a Lattice Structure case study.

Application Of

The Proposed Method To The Case Study "lattice Structure"

In this section, we applied the proposed method "FMEA-AHP based method" to the Lattice Structure (LS) case study to evaluate its applicability. Lattice Structures (LS) are open cell structures constructed by one or more reproducible unit cells [START_REF] Maconachie | SLM lattice structures: Properties, performance, applications and challenges[END_REF]. These structures are types of cellular solids that are classi ed into two-and three-dimensional structures [START_REF] Tao | Design of lattice structure for additive manufacturing[END_REF]. The superior properties of LSs make them applicable in various engineering elds such as heat transfer, energy absorption, and biological bone craft [START_REF] Ma | Lattice structures of Cu-Cr-Zr copper alloy by selective laser melting: Microstructures, mechanical properties and energy absorption[END_REF]. In this

C I C = λ max -n n -1 C R C = C I C RI
case study, we formulate the contradiction related to the lattice structure by considering the priority of the initial problems, and we propose a solution to solve the contradiction. To do this, we rst prioritize the initial problems through the rst and second phases of the proposal. We then apply the Inverse Problem Graph to construct the contradiction. At the end of the case study, we apply the TRIZ tools to propose the solution. In what follows, we explain the application of our proposal to this case study in the following phases.

In the rst phase of the process, the designer should de ne the objective at the beginning of the project. In our case study, the "Improvement of Lattice Structure" was selected as the objective. Then, we analyze the situation to identify the problems that prevent the objective from being achieved. Therefore, we determined "IP 1 : The structure does not have a good strength.", "IP 2 : The energy absorption of the structure has been reduced.", and "IP 3 : The structure is heavy." as the existing initial problems in this case study. At the end of this phase, we determined three criteria "C 1 : Strategic", "C 2 : Financial", and "C 3 :

Urgency".

In second phase, designer developed the hierarchical structure of the objective, initial problems, and criteria. As shown in Fig. 3, this structure has three levels for prioritizing the problems. The identi ed project objective is located at the rst level. The criteria and the problems are located on the second and third levels of hierarchy, respectively.

After forming the hierarchical structure of the lattice structure, the initial problems were prioritized by considering the criteria through the steps in the second phase. To do this, we rst constructed the pairwise matrices based on the project criteria. Then, the priority related to each initial problem according to the criterion of its matrix was calculated. In the following, we checked the consistency of the pairwise matrices. For instance, as shown in Table 3, we rst created a pairwise matrix (reciprocal matrix) for the initial problems de ned with respect to the criterion "C 1 : Strategic". To construct this matrix, we applied the scale given in Table 2. Once the pairwise matrix of the initial problems based on the strategic criterion was created, we converted the fractional values into decimal values. Next, we normalized the matrix. To this end, we divided each element of the matrix by the sum of its column. Table 4 shows the normalized matrix of the initial problems related to the rst criterion. After constructing the normalized matrix, we calculated the priorities related to the initial problems with respect to the rst criterion. To do this, we calculated the average value of all the elements existing in each row of the matrix, as illustrated in Table 5.

Subsequently, we needed to calculate the consistency of the matrix to check whether the calculated values were correct or not. To do this, we calculated the principal Eigen value (λ max = 3.11) related to the created matrix. Then, the Consistency Index ( ) and Random Index (RI=0.58, Table 2) were obtained. Finally, we calculated the Consistency Ratio ( ) of the matrix, which was less than 0.1. Hence, we accepted the created pairwise matrix. 

RI

Similarly, we constructed the pairwise matrices of the initial problems related to the other de ned criteria de ned in the "Lattice Structure" case study. Tables 6 and7 present these matrices. After constructing the pairwise matrix for the initial problems, it was also essential to evaluate criteria of the project by forming their corresponding matrix. Therefore, we rst assigned weights to the criteria by applying the scale given in Table 1. Then, we calculated the relative priorities and the consistency of the matrix. Table 8 shows the pairwise matrix related to the criteria. At the end of the second phase of the process, the overall priority of each initial problem with respect to the project objective was calculated. To do this, we summed the products of the criterion priority by the priority of its initial problem. For example, the overall priority of the rst initial problem was calculated:

. Figure 4 shows a graphical representation of the priorities of the criteria and initial problems. Furthermore, Table 9 demonstrates the overall priorities related to the initial problems of the case study with respect to the objective of the project. As a result, we selected "IP 2: The energy absorption of the structure has been reduced." as the most important initial problem. In the third phase, we formulated the contradiction related to the selected intital problem by using IPG. To do this, we rst identi ed "The structure has a high volume fraction." and "The lattice structure has solid truss lattice" as the causes that reduce the energy absorption of the structure. Next, we ranked the identi ed causes, and we selected "The structure has a high volume fraction" as the most important cause that has an impact on the initial problem. In what follows, we determined the type of the selected cause, which was a Harmful-Useful problem. Therefore, we converted it to the partial solution "To increase the volume fraction of the structure". This means that we converted its structure into the structure of the partial solution. Then, we identi ed the problem, "The structure does not have good strength" as the cause of the partial solution. Subsequently, we constructed the IPG of the rst iteration, as shown in Fig. 5.

In the following, we extracted the illustrated contradiction from the graph, as shown in Fig. 6. In this gure, there is a contradiction between energy absorption of the structure and its strength. This means that attempting to the increase energy absorption leads to a decrease in the strength of the structure. Subsequently, we should allocate the parameters to the problems and the partial solution of the extracted contradiction. As shown in Fig. 8, we assigned "Reliability of the structure" as the evaluation parameter to the initial problem "The energy absorption of the structure has been reduced". The second evaluation parameter "Strength of the structure" was allocated to the cause of the partial solution "The structure does not have good strength". We assigned also "Increase in volume fraction" as an action parameter to the partial solution. At the end of this phase, we constructed the poly-contradiction table by applying the assigned parameters in the previous step to formulate the contradiction, as illustrated in Fig. 7. The contradiction states that the structure has to be fabricated at a high-volume fraction to be rigid. In the same system, it should be fabricated at a low-volume fraction to increase the mechanical energy absorption capacity.

Increase of volume fraction

No Yes

Strength of the structure ϑ Λ

Reliability of the structure (energy absorption) Λ ϑ

Reliability of the structure: The capability of object to perform its function in a predictable manner.

Strength of the structure: The ability of the structure to resist changes in response to force.

Figure 7. The poly-contradiction of the Lattice Structure case study.

In the last phase of the case study, we used the separation principles [START_REF] Savransky | Engineering of Creativity: Introduction to TRIZ Methodology of Inventive Problem Solving[END_REF], introduced in the frame of TRIZ theory, to solve the formulated contradiction. These principles are: 1) Separation in time, 2) Separation based on a condition, 3) Separation in space, and 4) Separation between the parts and the whole. Among them, we selected the principle "Separation between the parts and the whole".

To implement this principle, we used the method "Merging-Interacting". This method states that when several individual elements have property A, they can be uni ed through a eld, mediator, or uni ed arrangement to have property B. Based on this method, we proposed to merge small cells to form a larger cell of lattice structure with the same geometry, as shown in Fig. 8. In this solution, our proposal has both high and low volume fractions. At the macro level, it presents a relatively low volume fraction, which contributes to high energy absorption. On the other hand, it has a high-volume fraction at the micro level, which allows us to construct a structure with good stiffness.

To evaluate the performance of the proposed solution, we carried out a numerical simulation using Abaqus FEA Software. For this purpose, we built three models, including Solid structure, Conventional lattice structure, and our solution. In this section, we compared Network of Problem (NoP) and our FMEA -AHP based method. This comparison allows the readers of this research to be more aware of their differences. To make this comparison, we extracted information from the article [START_REF] Khomenko | A framework for OTSM TRIZ-based computer support to be used in complex problem management[END_REF], in which the authors applied NoP to the "Biomass Power Plant" case study to present its network problem situation. As Table 10 and Fig. 9 (a)

illustrate, the problem "Biomass power plant should be improved" was initially selected as the general one, located at the highest level of the network. Subsequently, designers constructed the chain of problems and partial solutions to explore several problems at the lowest level of the network. Figure 9 (b) shows the chain related to one of these identi ed problems (Problem 68). As Fig. 10 illustrates, we applied FMEA-AHP based method to the "Biomass Power Plant" case study. To perform this application, we rst identi ed the initial problems related to the biomass power plant. Then, our methodology is used to prioritize them according to the determined criteria for the case study. "High ue gas speed and temperature destroys the post combustion chamber at the turn point" was selected as the most important initial problem. At the end, we determined the causes of the initial problem and formulated the contradiction by applying the IPG method.

Discussion

In this study, we proposed a new method, integrating FMEA and AHP into the Inverse Problem Graph, to prioritize the initial problems in the initial analysis phase of inventive design. The contribution of this proposal to the inventive design process is re ected in several aspects. First, this method contributes to prioritizing initial problems at the beginning of the project, thus eliminating time spent on less important problems from the process. As the second contribution, it allows designers to formulate contradictions based on the priorities of the initial problems. This saves designers time in resolving the most appropriate contradiction. Thirdly, we can mention that this method allows the designers to explore the root contradictions by integrating Inverse Problem Graph's steps into its process.

The analysis of our case study also displays several limitations. As the rst one, we can mention that the mathematical calculations of such a method are very time-consuming. This drawback can signi cantly decrease the agility of the inventive design process. As the second one, the current process does not provide any technique to identify initial problems related to a complex system.

Conclusion

In this paper, we introduced a new method for prioritizing initial problems in the initial analysis of the inventive design process. To develop our method, we rst reviewed some documents on the FMEA approach to highlight its drawbacks and advantages. Our reviews revealed that this approach uses RPN, considering only three factors to prioritize failures. To overcome this drawback of FMEA, several methods are presented in the literature. Among them, there is AHP that is developed to support multi-criteria decision making. Next, we proposed to integrate FMEA, AHP methods into the Inverse Problem Graph to prioritize the initial problems in the initial analysis phase of the inventive design process. Finally, we tested the capability of our approach by applying it to the Lattice structure case study. Based on this application, we realized that our proposal can help formulate the most important problem in each iteration of the process. It can also improve the time allocated to the initial analysis.

Further research is necessary to appreciate our proposal. Primarily, we need to develop software to reduce the computational procedure during the problem formulation in the initial analysis phase. Secondly, it is necessary to integrate the proposal process with other existing methods to improve its agility. And third, there is an opportunity to use approaches that help designers to identify the initial problems in complex systems.
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Table 1 The

 1 

					value of the random index			
	n	1	2	3	4	5	6	7	8	9	10
	R.I. 0	0	0.58	0.90	1.12	1.24	1.32	1.41	1.45	1.49

AHP can take into account a large number of qualitative and quantitative criteria to prioritize the failure modes

[26]

. Furthermore, it has the ability to address the relative importance of the risk factors

[8]

.

Table 2

 2 The 1-9 scales for pairwise comparison in AHP

	Importance intensity	De nition
	1	Equal importance
	3	Moderate importance of one over another
	5	Strong importance of one over another
	7	Very strong importance of one over another
	9	Extreme importance of one over another
	2,4,6,8	Intermediate values
	Reciprocals	Reciprocals for inverse comparison
	4	

Table 3

 3 Reciprocal matrix for the de ned initial problems with respect to the criterion "Strategic"

	C 1 : Strategic	IP 1 : Structure does	IP 2 : The energy absorption	IP 3 : The
		not have a good	of the structure has been	structure is
		strength.	reduced.	heavy.
	IP 1 : Structure does not have	1	1 3	5
	a good strength.			
	IP 2 : The energy absorption	3	1	7
	of the structure has been			
	reduced.			
	IP 3 : The structure is heavy.	1 5	1 7	1

Table 4

 4 Normalized matrix of the initial problems related to the criterion "Strategic"

	C 1 : Strategic	IP 1 : Structure does	IP 2 : The energy absorption	IP 3 : The
		not have a good	of the structure has been	structure is
		strength.	reduced.	heavy.
	IP 1 : Structure does not have	0.238	0.224	0.384
	a good strength.			
	IP 2 : The energy absorption	0.714	0.680	0.538
	of the structure has been			
	reduced.			
	IP 3 : The structure is heavy.	0.047	0.095	0.076

Table 5

 5 

	shows the nal matrix of the initial problems related to the rst
			criterion.		
	Strategic C 1	IP 1	IP 2	Strategic C 1	IP 1
	IP 1	0.238	0.224	IP 1	0.238
	IP 2	0.714	0.680	IP 2	0.714
	IP 3	0.047	0.095	IP 3	0.047
	Consistency	λ			

max = 3.11, CI = 0.055, CR = 0.095 < 0.1 (Acceptable)

Table 5 :

 5 Pairwise matrix for the initial problems considering the C 1 criterion.

		λ max -3	
	CI IP =	3-1	= 0.055
			CI IP
			CR IP =	= 0.095

Table 6

 6 Pairwise matrix for the initial problems considering the C 2 criterion.

	Financial C 2	IP 1	IP 2	IP 3	Priority
	IP 1	0.19	0.183	0.285	0.219
	IP 2	0.761	0.734	0.642	0.713
	IP 3	0.047	0.081	0.071	0.066
	Consistency	λ max = 3.06, CI = 0.03, CR = 0.053 < 0.1 (Acceptable)

Table 7

 7 Pairwise matrix for the initial problems considering the C 3 criterion.

	Urgency C 3	IP 1	IP 2	IP 3	Priority
	IP 1	0.157	0.272	0.148	0.192
	IP 2	0.052	0.090	0.106	0.080
	IP 3	0.789	0.636	0.744	0.721
	Consistency	λ max = 3.11, CI = 0.055, CR = 0.095 < 0.1 (Acceptable)

Table 8

 8 Pairwise matrix for the de ned case study criteria.

	Criteria	C 1	C 2	C 3	Priority
	C 1	0.652	0.692	0.555	0.633
	C 2	0.217	0.230	0.333	0.260
	C 3	0.130	0.076	0.111	0.106
	Consistency	λ			

max = 3.06, CI = 0.034, CR = 0.059 < 0.1 (Acceptable)

Table 9

 9 Prioritization of the initial problems with respect to the objective

	Initial problems C 1	C 2	C	Overall priority	Priority
	IP 1	0.178	0.056	0.020	0.255	2
	IP 2	0.407	0.185	0.008	0.600	1
	IP 3	0.046	0.017	0.076	0.139	3

  Table 10 shows a comparison between the output results of the simulation tests. In the table, we also calculated the ratios of energy absorption and young's modulus to the target values considered for each model. These ratios for our solution, conventional lattice structure,

	and solid structure are respectively (ratio of energy absorption to considered target value =	
	0.017 0.015	= 1.196 > 1	, ratio of young's modulus to considered target value =	0.509 0.4	= 1.274 > 1	), (0.593,
	17.548), and (0.264, 975.556). As the table illustrates, the only model that can satisfy both target values
	is our solution with ratios greater than one.			

Table 10

 10 Comparison of our solution with a solid and normal lattice structure.

	Solid	Conventional lattice	Proposed
	structure	structure	solution

Table 10

 10 List of partial solutions and problems related to the "Biomass Power Plant" topic

	PS	escription of Partial Solution (PS)	PS or	escription of Partial Solution (PS) or
	or	or Problem (PB)	PB N°D Problem (PB)
	PB			
	N°D		
	1.Pb	Power plant should be improved.	13.Ps	Heat exchanger is used.
	…	…	…	
	9.Pb	Biogas should be cooled before	66.Pb	Special system is needed to burn solid
		cleaning by modern technological		particles.
		devices.		
	…	…	67.Ps	Special form of this system is needed in order
				to change direction of ue gas.
	…	…	68.Pb	High speed, high temperature of ue gases
				destroy the post combustion chamber at the
				turn point.

The IPG related to the selected initial problem Figure 6 The allocation of parameters to the extracted contradiction Figure 7 The poly-contradiction the Lattice Structure case study.

Network of Problems and its difference with the proposal [START_REF] Khomenko | A framework for OTSM TRIZ-based computer support to be used in complex problem management[END_REF] Figure 10 Application of FMEA-AHP based method to the "Biomass Power Plant" case study