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According to the growing rate of customer's options' in a hotly competitive market, companies must be, simultaneously, cost and time-efficient and environmentally harmless. Thus, reconfigurable manufacturing system (RMS) is proposed to cope with these new challenges. This paper addresses the problem of multi-objective process and production planning generation in a sustainable reconfigurable environment. For economic sustainability, the total production as well as process costs are considered, where for social sustainability, the workers' health conditions are addressed. For environmental sustainability, the hazardous wastes of machines and their harmful gases emission are considered. First, a linear mixed integer model is proposed. And an adapted version of the Lp-metric approach is used to solve the problem second. Finally, to illustrate the applicability of our approach, an illustrative numerical example is presented and the results analysed.

INTRODUCTION

Nowadays, manufacturing is recognized as an important driver of economic development. Industries need to meet the constantly growing worldwide demand for capital and consumer goods while considering the associated environmental, economic, and social. Mostly, environmental factors have been believed as important to the survival of manufacturing companies. More specifically, the emission of liquid hazardous waste, greenhouse gas (GHG) and etc., are classified as environmental threats needed to be considered [START_REF] Beekaroo | Developing a sustainability index for Mauritian manufacturing companies[END_REF]. Hence, next generation manufacturing systems must be adapted with the necessity of rapid product development, as well as complicated environments issues (social, economic and environment). In this regard, new or enhanced vast of products can be manufactured, delivery time and cost can be cut, and productivity can be ensured [START_REF] Vyatkin | Now that's smart![END_REF].

As new generation of manufacturing systems, reconfigurable manufacturing system (RMS) was introduced. It considers numerous aspects like mass customization, globalization, social changes and unstable periodic market changes. The term reconfiguration has been defined as the "capability of the system to allow manufacturer rapidly adjusting production capacity in response to changing market demands". The adjustment can be comprised in add, remove, or modify specific process capabilities, software, controls, or machine structure, etc. The concept of RMS is based on a combination of previous manufacturing systems exited, flexible manufacturing system (FMS) and dedicated manufacturing system (DMS), respectively. It combines the FMS high flexibility with the DMS high productivity due to its six main features: scalability, convertibility, diagnosability, modularity, integrability and customization [START_REF] Koren | Design of reconfigurable manufacturing systems[END_REF].

Sustainable manufacturing comprises of several facets of production that have a strong interaction together-this collection, composed of product, process, and system-level in the manufacturing environment. Furthermore, sustainable manufacturing is used for continuous improvement of human life in such terms as satisfaction and other lifestyle matters. Nowadays, a vast number of constraints related to the economical and social aspects of sustainability can be seen in the communities. RMS-due to its flexibility and characteristics-can increase the system sustainability and responsiveness to satisfy the market needs. Moreover, utility function of the workers, energy consumption of machines, harmful gas emission and liquids can be considered as the social, environmental and economical affairs of the sustainability in this paper.

Currently, RMS offers several aspects and faces many new challenges. It is a very active research field with rich contributions to problems such as process planning, production planning, layout optimization, design, and production schedule [START_REF] Benyoucef | Reconfigurable Manufacturing Systems: From Design to Implementation[END_REF]. In this paper, a new approach toward the sustainable RMS is considered. For the social aspects, workers' body health is considered, where environmental aspects comprise hazardous liquid waste and gas emission (Carbon dioxide CO2, Methane CH4, Nitrous oxide N2O and etc.) during the production. A novel combination of the process planning and production planning issues in the sustainable area is proposed. For the production planning, it is crucial to satisfy the market demands by considering the limits of the whole system. Where, for the process planning, the best production sequences of several products are considered. The aim is to minimize the total production as well as process costs, and minimize the harmful effects of the gases and liquids on the human body in a sustainable environment.

The rest of the paper is organized as follows. Section 2 reviews some recent works dedicated to sustainable manufacturing, process planning and production planning. Section 3 describes the studied problem and its mathematical formulation. Section 4 presents the Lp-metrics method used to overcome the multi-objective functions. Section 5 shows an illustrative numerical example and analyses the obtained results. Section 6 illustrates some sensitivity analyses related to changes of demands and weights in Lp-metrics. Section 7 concludes the paper with some future work directions.

RELATED WORKS

Sustainabilty in manufacturing systems

First, it is necessary to define the concept of sustainability in manufacturing. The U.S. Department of Commerce defines sustainable in manufacturing as "the creation of products which aims to minimize negative environmental impacts, save energy and natural resources, being safe for employees, society, and being economically sound (Bogu, 2014). Moreover, it is possible to consider the manufacturing sustainability as a separate concept that can combine with other area of working. In manufacturing systems, not only does it paramount to use optimization methods, but also it is probable to enter processes and products into account to acquire a sustainable environment [START_REF] Jayal | Sustainable manufacturing: Modeling and optimization challenges at the product, process and system levels[END_REF]. Hence, bringing the sustainability into the metrics components as well as concentration on the energy usage, global climate change, and so on can pay the way for an enterprise to be sustainable [START_REF] Reich-Weiser | Metrics for sustainable manufacturing[END_REF]. [START_REF] Dornfeld | Moving towards green and sustainable manufacturing[END_REF] proposed the measurement of sustainability metrics by using methods and tools that give rise to better understanding of the green and sustainability in the manufacturing process. The assessment of energy saving and maintenance play decisive roles in making the usage of the more apparent. The optimal maintenance level is the goal of maintenance, and the amount of energy that can be saved during the switching is the objective of the energy system in this problem. The implementation of real-time is for acquiring producing in resource and energy effective ways [START_REF] Huang | A Maintenance and energy saving joint control scheme for sustainable manufacturing systems[END_REF].

Process planning in manufacturing systems

State of the art assigned to the process planning contains a myriad of papers. Therefore, some definitions are considered as groundwork and basement of the manufacturing systems and RMS. In each manufacturing process planning a great link between the characteristic of products and the utility of the system can be seen. It means that, we can contemplate it as a bridge between product and resources. Moreover, for any product, a process plan leads to finding the best sequence of operations and discover all machines paths that give rise to produce it as well [START_REF] Chaube | An adapted NSGA-2 algorithm based dynamic process plan generation for a reconfigurable manufacturing system[END_REF]. In order to achieve a reconfigurable process plan, it is needed to think about such paramount matters' relationship as product features, process plan components, and all manufacturing system elements. In some conventional process planning generation methods, some contradictions were found with the scheduling of the operations. [START_REF] Khezri | Sustainable multi-objective process plan generation in RMS through modelling energy consumption[END_REF] used augmented ε-constraint to optimize three objectives, respectively, the total production costs, the total completion time, and the amount of energy consumption during the manufacturing process. The main contribution of that paper is the consideration of sustainability in producing a single-unit in a reconfigurable environment. Besides, [START_REF] Touzout | Multi-objective sustainable process plan generation in a reconfigurable manufacturing environment: exact and adapted evolutionary approaches[END_REF] proposed two meta-heuristic namely NSGA-II and AMOSA, and a MILP model. Greenhouse gases and the amount of harmful gas emissions, as well as the cost of manufacturing, are considered. [START_REF] Haddou-Benderbal | Modularity assessment in reconfigurable manufacturing system (RMS) design: an archived multi-Objective simulated annealing-based approach[END_REF] introduced three objectives comprising the maximization of the system modularity, and the minimization of the system completion time and costs. They used simulated annealing (SA) based approach to solve the problem

Production planning in manufactuing systems

For the controlling and process of the production in area of scheduling, capacity and output, production planning can be useful in the manufacturing systems. Several reviews are existed in this field [START_REF] Pereira | Tactical sales and operations planning: A holistic framework and a literature review of decision-making models[END_REF]. In. the case of reconfigurable environment, product quality and product quantity in the processing time can play the barrier and limits of the final work. This kind of restriction is seen in the machines constraints of the RMS [START_REF] Jacob | Integrating product function design, production technology optimization and process equipment planning on the example of hybrid additive manufacturing[END_REF].

From the above literature review, we can conclude that the combination of process and production planning in a sustainable environment is an interesting and new topic for RMS. Moreover, some new approaches, like the Lp-metrics method can be used to solve the problem more efficiently.

PROBLEM STATEMENT AND MATHEMATICAL FORMULATION

Problem statement

In this paper, reconfigurable machines are able to manufacture multiple products types. Raw materials will come and be processed by several processes and production plans to answer market demands. During the production time, there can be some changes such as configurations chances. Moreover, other orders can intervene to answer the market demands to find the most profitable and cost-effective process and production plans during one-time horizon. There is no shortage of raw materials and the final products have no inventory costs. In our case, for each product, the process plan is a matrix with n columns (number of operations) and three rows (operations, machines and configurations). Table 1 presents two examples of process plans that should be read from left to right, column by column. For example, to manufacture product P1, the operation Op2 has to be realised by machine M1 using configuration H3.

The only work of the workers is to check the machines working and their changes according to the input information, and they don't have any other impacts on the production process. However, they have some sustainability matters. Workers are influenced by the harmful gases of the production, which can affect their health conditions during the working hours. Each machine has its liquid usage in several operations and positions during manufacturing. After finishing the work, there will be some harmful liquids for the environment that are considered in the sustainable objective function as well. The whole concept of the work is aimed to reduce the total process and production costs, and the sustainability objective function.

Table 1. Optimum sequences of each product

Product 1 Operations Op1-Op2-Op4-Op3-Op5 Machines M1-M-M1-M2-M2 Configurations H2-H3-H2-H1-H1 Product 2 Operations Op1-Op3-Op2-Op4-Op5 Machines M2-M2-M2-M1-M1
Configurations H3-H1-H1-H2-H2

1) Minimization of the total process and production costs.

The cost function comprises the cost of process planning such as machine usage and changes during the process and production planning, such as the amount of final product production to answer the market demands.

2) Minimization of the sustainability function that contains the amount of destructive environmental and social components.

It has two different aspects, the first one is environmental, and the second one is social.

Environmental sustainability concerns the emission of the harmful gases and remnants of the toxic and harmful liquid from the machines working. The social sustainability indicator contains the effects of the gas emissions on the worker's body that can be conceived as their working utility function as well.

In Fig. 1, the input and output of the problem are illustrated. The whole system inputs are operators/workers, raw materials, process information and the liquid of the machines. The production process is under both social and market pressures. The outputs of the system are information, social effects of the products and process on the community and workers, final products, wastes and emissions such as carbon footprint, liquid, materials and parts.

Model assumptions

The proposed model is based on the following assumptions:  Workers check the function of machines during the working process and changing;

 Workers have exposed the harmful gases during the checking works and usage of the fuels and liquids by the machines;  Multiple products can be produced;  Each product can follow several process plan;  Each product have several configuration types in the described RMS;  The demand of the market is deterministic;  During the process, no failure will happen;  It is necessary to produce more than the markets' demand;  There is no cost for the storage of the products;  During the operations, the harmful gases emit and effects workers bodies' health.

Mathematical formulation

In the following, we describe more in details the proposed multi-objective model: 

Sets i , i

Sustainability function

The objective functions and constraints are defined as follows:

Min 𝑍 1 = ∑ ∑ ∑ ∑ 𝑥 𝑖𝑗ℎ 𝑝 × 𝑃𝑇 𝑖𝑗𝑝 𝐻 ℎ=1 𝑃 𝑝=1 𝐽 𝑗=1 𝐼 𝑖=1 × 𝑃𝐶 𝑖𝑗𝑝 + + ∑ ∑ ∑ ∑ 𝑣 𝑗𝑗 ′ 𝑚𝑝 × 𝑇𝑀 𝑗𝑗 ′ 𝑚 × 𝐶𝑀 𝑗𝑗 ′ 𝑚 𝑃 𝑝=1 𝑀 𝑚=1 𝐽 𝑗 ′ =1 𝐽 𝑗=1 + ∑ ∑ 𝑞 𝑝 × 𝑄𝐶 𝑝ℎ 𝐻 ℎ=1 𝑃 𝑝=1 + ∑ ∑ 𝐴𝑆 𝑝ℎ * 𝐴𝐶 𝑝ℎ 𝐻 ℎ=1 𝑃 𝑝=1 (1) 
Min 𝑍 2 = 𝑤 𝑆𝑜 𝑠 𝑆𝑜 + 𝑤 𝐸𝑛 𝑠 𝐸𝑛 (2) Subject to, 

∑ ∑ 𝑥 𝑖𝑗ℎ 𝑝 𝑃 𝑝=1 𝐼 𝑖=1 = 1 ∀𝑗 = 1 … 𝐽 ∀ℎ = 1 … 𝐻 (3) ∑ ∑ 𝑥 𝑖𝑗ℎ 𝑝 𝑃 𝑝=1 𝐽 𝑗=1 = 1 ∀𝑖 = 1 … 𝐼 ∀ℎ = 1 … 𝐻 (4) ∑ 𝑥 𝑖𝑗ℎ 𝑝 × 𝑃 𝑖 𝐻 ℎ=1 ≤ ∑ ∑ ∑ 𝑥 𝑖 ′ 𝑗 ′ ℎ ′ 𝑝 𝐻 ℎ ′ =1 𝐽-1 𝑗 ′ 𝐼 𝑖 ′ =1 ∀𝑖 = 1 … 𝐼 ∀𝑗 = 1 … 𝐽 ∀𝑝 = 1 … 𝑃 (5) ∑ 𝑦 𝑗ℎ 𝑚𝑝 𝐻 ℎ=1 = 1 ∀𝑗 = 1 … 𝐽 ∀𝑚 = 1 … 𝑀 ∀𝑝 = 1 … 𝑃 (6) 𝑦 𝑗ℎ 𝑚𝑝 ≥ 𝑥 𝑖𝑗ℎ 𝑝 ∀𝑖 = 1 … 𝐼 ∀𝑗 = 1 … 𝐽 ∀𝑚 = 1 … 𝑀 ∀𝑝 = 1 … 𝑃 ∀ℎ = 1 … 𝐻 (7) ∑ 𝑥 𝑖𝑗ℎ 𝑝 + 𝑥 𝑖𝑗-1ℎ 𝑝 𝐼 𝑖=1 ≤ 𝑣 𝑗𝑗 ′ 𝑚𝑝 + 1 ∀𝑗, 𝑗 ′ = 2 … 𝐽 ∀𝑚 = 1 … 𝑀 ∀𝑝 = 1 … 𝑃 ∀ℎ = 1 … 𝐻 (8) ∑ ∑ 𝑥 𝑖𝑗ℎ 𝑝 𝐽 𝑗=1 𝐼 𝑖=1 × 𝐴𝑆 𝑖𝑝ℎ × 𝐻 = 𝑞 𝑝 ∀𝑝 = 1 … 𝑃 ∀ℎ = 1 … 𝐻 (9) 𝑞 𝑝 = 𝐷 𝑝 ∀𝑝 = 1 … 𝑃 (10) 𝑞 𝑝 × 𝑇 ℎ ≤ 𝐶𝐴𝑃 ℎ ∀𝑝 = 1 … 𝑃 ∀ℎ = 1 … 𝐻 (11) 𝐴𝑆 𝑝ℎ -𝐴𝑆 𝑝ℎ ′ + (1 -𝑣 𝑗𝑗 ′ 𝑚𝑝 ) × BM -1 ≥ 0 ∀𝑗, 𝑗 ′ = 1 … 𝐽 ∀𝑚 = 1 … 𝑀 ∀𝑝 = 1 … 𝑃 ∀ℎ, ℎ ′ = 1 … 𝐻 (12) ∑ 𝑞 𝑝 × 𝑇𝑃 𝑝 ≤ 𝑃𝐶𝐴𝑃 𝑝 ( 
𝑥 𝑖𝑗ℎ 𝑝 Є {0,1} 𝑦 𝑗ℎ 𝑚𝑝 Є {0,1} 𝑣 𝑗𝑗 ′ 𝑚𝑝 Є {0,1} ∀𝑖 = 1 … 𝐼 ∀𝑗 = 1 … 𝐽 ∀𝑚 = 1 … 𝑀 ∀𝑝 = 1 … 𝑃 ∀ℎ = 1 … 𝐻 (17)
Objective function (1) details the total cost, where objective function (2) presents the sustainability matters. Constraint (3) ensures every operation is done according to process plan. Constraint (4) indicates that each operation is processed once for products in each configuration. Constraint (5) states that each operation is processed if all of the predecessors operations are already finished. Constraint (6) illustrates that each configuration contains machines and products. Constraint (7) ensures that if operation Opi performed at position p, machine Mm and configuration Hc are required. Constraint (8) shows that if there is a change in the machines between the positions or not during the production. Constraint (9) claims that the number of final products is equal to the production sides. Constraint (10) indicates that it is crucial to answer all the demands in the proposed system. Constraint (11) introduces the production capacities. Constraint (12) uses to break the loops in the production site of RMS. Constraint (13) indicates that the amount of production time should not exceed the available time. Constraint ( 14) illustrates the environmental impacts of the production. Constraint (15) considers the limitation of total required liquid in during the production process. Constraint ( 16) indicates the social impacts of the production.

MULTI-OBJECTIVE PROPOSED APPROACH

There are such useful multi-objective approaches, as εconstraint, goal programming, compromise programming and reference point method [START_REF] Romero | Goal programming, compromise programming and reference point method formulations: linkages and utility interpretations[END_REF]. Various usage of the compromise programming leads to be opted, regarding its performance in solving multi-objective optimization problems. In this paper, the compromise programming is applied to solve the aforementioned mathematical model. There are a couple of benefits to implementing the compromise programming in this problem that makes it more suitable than other approaches. First of all, this approach considers the preference of business owners and decisionmakers to choose the relative weights of objectives according to their business. It means the weights of the objective functions are not just an input like goal programming, by more flexible to solve the problem. The decision-maker has significant impacts on the final results. Furthermore, it is easier to consider several weights for the objective functions that make it easier to solve the problem than to find a specific weight for each one of them separately.

For the proposed model, for both cost and sustainability objectives, the model should be solved separately as the Lpmetrics method [START_REF] Babbar | A multi-objective mathematical model integrating environmental concerns for supplier selection and order allocation based on fuzzy QFD in beverages industry[END_REF]. The optimum values of the cost objective function 𝑍 1 and sustainability objective function 𝑍 2 are considered respectively, 𝑍 1 * and𝑍 2 * .

Min Lp-metric:

𝑍 3 = 𝑤𝑒𝑖𝑔ℎ𝑡 1 × 𝑍 1 -𝑍 1 * 𝑍 1 * + 𝑤𝑒𝑖𝑔ℎ𝑡 2 × 𝑍 2 -𝑍 2 * 𝑍 2 * (18) 
In constraint ( 18), 0≤ ∑ 𝑤𝑒𝑖𝑔ℎ𝑡 𝑖 2 𝑖=1

≤1 is the relative weight of each objective function. The decision-maker is the one who chooses between the several considered weights according to his preference, called as Lp-metrics coefficients. In the first step, by considering this single objective function and our constraints, a single-objective mixed-integer linear programming model can be achieved from the mathematical formulation. Furthermore, the problem is solved using Gams software.

ILLUSTRATIVE EXAMPLE AND DATA ANALYSIS

In this section, the presented mathematical formulation is implemented in GAMS 30.3.0 and test problems are solved by a laptop computer with Intel(R) Core(TM) i7-6700HQ CPU 2.60GHz and 12GB RAM. By implementing the model in the GAMS solver, the optimum values of 𝑍 1 and 𝑍 2 can be obtained.

Solving a test problem

For this test problem, five different operations can be processed in five positions by machines M1 and M2 using three different configurations. The system wants to answer market demands of products P1 and P2 according to Table 3. By assumption, wso and wen are equal to 0.5 in the objective function Z2 for both products. Moreover, P1 and P2 have the same number of operations (Op1, Op2, Op3, Op4 and Op5) related by the precedence graph of Fig. 2. However, Op1, Op2, Op3, Op4 and Op5 of P1 are different from Op1, Op2, Op3, Op4 and Op5 of P2. The differences are due to the using machines and configurations for each product.

Fig. 2. Operations precedence graph

By solving the test problem, we can discover the optimum way of production of each product between the multiple possible paths of the process for each one. In Table 1, the best sequences of each product depicted. The obtained results are completely logical. For example, product one is on the machine M2 and configuration H1 during operation Op3 and just one change has happened to the machines like product P2. It happens because in the nature of the mathematical model, some extra costs are considered for the extra changes during the process, and the sequence is preferred to do by the minimum amount of changes between machines.

After solving this scenario, we can see the payoff of the problem in Table 2. To obtain such a table, it is essential to consider each objective separately and solve the problem. After 25 times of running the problem, the best amount of cost function is equal to 29000€ and the amount of harmful effects of liquid and gases are 1.5 hazardous units (H.u). 

Pareto frontier solutions

In Fig. 3, the obtained Pareto frontier solutions using Lpmetrics method are demonstrated. Pareto frontier solutions include 25 points. In the aforementioned Pareto, the best amount of the cost function is 29000€ while the sustainable function is 40 (H.u), and the best amount of sustainable function happens when it is equal to 1.5 (H.u), and at that point, the amount of cost function is 66987€.

Considering the impacts of different parameters on the proposed model, sensitivity analyses are conducted. Rely on the performances of the objective functions values and parameters this data analysis is depicted in the next section. In Table 3 and Fig. 4, the changes of the 𝐷 𝑝 are shown. This parameter plays a decisive role in the whole problem. Hence the changes of this parameter can have an unpredictable on the changes of the objective function; however, the whole cost will raise, or we can explain that it will have the reverse effect on the optimum amount of the objective. Moreover, it is possible to predict the final optimum of the objective function by this parameter approximately. Fig. 4. LP-metrics behaviour according to the changes in demand

Changes of weights in Lp-metrics

The sensitivity analysis of weights let the decision-maker to choose more wisely with better information about the effects of each objective function on the problem. To make it clear, the decision-maker is the one who decides the effect of each objective function on the whole problem.

In Table 4 and Fig. 5, we can see the different amount of the Lp-metrics objective function by the changes of the weights. It is important to note that the changes in weights have a great impact on the 𝑍 3 . Therefore, a three-dimensional graph is plotted to show the changes more clearly. Accordingly, the weight of the cost function can have more effects on the 𝑍 3 , and they both have ascending rates in most cases. Consequently, the optimum value of the Lp-metric objective is obtained when the decision-maker chooses the weights, respectively, 0.9 for the cost function and 0.1 for the sustainable function. According to the used data, the results show that when the first objective function weight is at a high level, the total problem can be more optimal. It means that the decision-maker should focus on the cost aspects more than the other, which is rational. Nevertheless, in real life, decisionmakers should consider a balance between different objective functions because of the rules that exist to save the environmental aspects. Therefore, maybe the value of weights between 0.4 and 0.6 can have better impacts according to objective functions' value. Besides, it can show the closeness of the presented model and final solving procedure, making it so close to reality and reliable for industrial cases and case studies. 

Performance of the algorithm

To discover the capability of the proposed algorithm, the results of the GAMS software have been compared with the results of the Lp-metrics in the case of small and medium scales. In our case, an instance of the problem is represented by I-J-P-M-H where I is the number of operations, J the number of positions, P the number of products, M the number of machines and H the number of configurations. The results are depicted in Table 5. As it seen, by solving the problem in 6 runs, the performances of the LP-metrics are better than Gams when the size of the instances increases.

Table 5. CPU times of LP-metrics vs Gams Lp-metrics Demand reconfigurable environment. The sustainability indicators include the harmful liquids and gases emission during the production and its effects on the worker's body. A linear multi-objective mixed integer model is proposed, where two objectives are minimized namely the harmful amount of gas and liquid emissions, as well as the total process and production costs. Moreover, an Lp-metrics based method is proposed to solve the problem.

For future work directions, meta-heuristic algorithms such as AMOSA, NSGA-II, etc., can be adapted and compared. Moreover, the integration of presented RMS with stochastic programming or inventory management can be another interesting extension of the model.
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 1 Fig.1. Involved streams in manufacturing process(Khezri et al., 2010) 
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 3 Fig. 3. The obtained Pareto frontier 6. SENSIVITY ANALYSIS

Fig. 5 .

 5 Fig. 5. Lp-metrics behaviour illustration in change of weights

  AND PERSPECTIVESIn this paper, for the first time, the whole sustainability pillars like social, environmental, and economic are combined with the process and production planning generation in 0

Table 2 .

 2 Pay off table of objective functions

	𝒁 𝟏	𝒁 𝟐
	29000	40
	66987	1.5

Table 3 .

 3 Objective functions' behaviours considering change in demand

	𝑫 𝒑	𝒁 𝟏	𝒁 𝟐	Lp-metrics
	20 k	3130 1.5 4.44089E-16
	25 k	3879 1.6 -0.039
	30 k	3804 4.3 0.011102
	35 k	5232 7.1 -0.029
	40 k	5157 9.9 6.66134E-16
	45 k	6735 12.7 -0.027
	50 k	6585	18	-1.1102E-16

Table 4 .

 4 Lp-metrics behaviour analysis in change of weights

	Weight 1	Weight 2	Lp-metrics
	1	0	2.22E-15
	0.9	0.1	3.33E-16
	0.8	0.2	2.89E-15
	0.6	0.4	1.55E-15
	0.5	0.5	2.22E-16
	0.4	0.6	1.11E-15
	0.2	0.8	4.44E-16
	0.1	0.9	4.44E-16
	0	1	2.22E-16