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Abstract: 
This paper presents the use of multi-criteria approach in designing the optimal production system. Multiple criteria and De Novo programming will be combined in a production model. Moreover, it will be applied in a real production system which produces various ferroalloys using a number of different raw materials. The most favorable solutions in conditions of "variable" constraints will be looked for, benefiting De Novo approach. Lastly, the paper will demonstrate how the usual multi-criteria problems could be handled in a different concept of optimization with De Novo programming approach.
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1. Introduction

Optimization of production program is one of the crucial problems of optimization. For that purpose different methods and procedures were developed in order to present the decision maker with solutions which can provide the maximal realization of his aims. These various methods and procedures were mainly looking for solutions in accordance with the previously defined resources and constraints. 

Finding these methods to some extent handicapped because as a rule they operate with predefined resources and constraints, an attempt has been made to find out such methods which would look for the most favorable solutions in conditions of "variable" constraints. De Novo approach is such an attempt representing the procedure of finding out the optimal solution by variable constraints in the production model.

De Novo programming, initiated by Zeleny [2], presents a special approach of optimization. Instead of "optimizing a given system" De Novo suggests a way of "designing an optimal system". De Novo approach does not limit the resources, as most of the necessary resource quantities can be obtained at certain prices. Resources are actually limited because their maximum quantity is governed by the budget, which is an important element of De Novo.

 Li and Lee [5, 6] extended Zeleny's basic method to identify fuzzy systems designs for De Novo problems. Using De Novo programming Zeleny also offers a new approach to multi-criteria decision making, and that can be seen in numerous papers (Tabucanon [3], Shi [6], Babić and Pavić [7, 8]. In the recent years, owing to De Novo concept of optimization, Zeleny [11] has introduced eight concepts of optimization in which De Novo is one of the most important ones.
Using De Novo most various cases can be handled more effectively than by the standard programming model. Changes in prices, technological coefficients, increasing costs of raw materials, quantity discounts (Babić [10]) and other similar and real production situations can be easily incorporated in De Novo model and can give very satisfactory solutions. 


In this paper authors will explain the use of multi-criteria approach in designing the optimal production system. Multiple criteria and De Novo programming will be combined in a production model. Moreover, it will be applied in a real production system which produces various ferroalloys using a number of different raw materials. The most favorable solutions in conditions of "variable" constraints will be looked for, benefiting De Novo approach. Lastly, the paper will demonstrate how usual multi-criteria problems could be better handled with De Novo programming approach.


In relation to standard approaches De Novo programming represents a special approach to optimization. Its special quality is reflected in the fact that it treats constraints flexibly, i.e. it enables solution finding by eliminating some constraints. In this way De Novo approach can provide a solution more favorable than that provided by any standard approach.

The standard approach to mathematical programming is based on the assumption that in the production model resources and constraints are predefined. E.g. the quantities of available raw materials, market potential, transport facilities, output, and the available means are all predefined. In such cases, if they are dealt with by multi-criteria decision making, the result is a compromise solution, as according to some criteria a value lower than optimal or ideal is achieved.
However, De Novo approach does not constraint resources, because it assumes that most of the required resources can be purchased at an appropriate price. The only constraint is the available quantity of money, i.e. the budget needed for the purchase of the required resources. By this we do not mean that certain constraints cannot be set in the model, like in the standard approach, if it is necessary for the normal functioning of the production model.
Accordingly, the essential difference between these approaches is that standard approaches treat the problem by optimizing the given system, while De Novo, enabling the varying of constraints, tries to find out a solution more favorable than the one found out at fixed constraints. Therefore, it is often said that De Novo instead of "optimizing a given system" suggests a way how to "design an optimal system". Such an approach, of course, has to be introduced before the production actually begins since only an optimal production plan can determine the quantities of raw materials necessary for optimal production. Particularly important is the advantage of this approach in the case of multi-criteria decision making as it enables adjustment of resource constraints in such way that the initial ideal or infeasible solution becomes feasible at the same or lower costs.
The paper presents one of the possible ways of determining an optimal production plan which uses the ideal problem "solution" that usually cannot be attained. Although possibilities of multi-criteria programming methods could also been used to solve this particular problem, they were omitted here with purpose to show how this problem could be set and solved with De Novo programming approach.
2. Problem Setting
This paper analyses the production planning problem in one factory. Ferroalloys are the main product of this factory and it produces four types of ferroalloys: ferrous-chrome (FeCr), ferrous-manganese (FeMn), ferrous-silicomanganese (FeSiMn) and ferrous-silicon (FeSi). These alloys are produced in three electric furnaces by special carbon-electrochemical treatments. The production of ferroalloys is directly related to the development of steel industry, top quality and highly alloyed steel.


The ferroalloys furnaces work continuously through the whole year except during the repairing and cleaning break in the second part of the year.


The Table 1 contains data relating to annual capacities of the furnaces expressed in hours, time needed for one ton production of ferroalloys and net-income per ton of the product, where net-income represents a total income from which total raw materials and energy spending have been deducted. 

Table 1. Furnace capacities and net income for ferroalloys production
	
	Fe Cr
	Fe Si
	Fe Mn
	Fe Si Mn
	Capacity 
(in hours)

	Furnace 1
	0.2084
	
	
	
	7920

	Furnace 2
	
	
	0.2604
	0.48
	7160

	Furnace 3
	
	0.495
	
	
	7920

	Net-income
	42.284
	54.104
	18.409
	35.663
	


Assuming availability of all raw materials all furnaces could work with full capacity and could produce required quantities of ferroalloys. According to this the only possible constraints on production are capacities and work ability of the furnaces. 

For the ferroalloys production various raw materials are used. If we consider the necessary quantities of raw material bi as variables, and the resource constraints as equations, it is possible to express the required amount of money by the budget constraint.

 Available quantities of the five main raw materials (fixed or not) as well as the use of these raw materials per ton of ferroalloys are presented in the Table 2. In the last column there are unit prices of these raw materials.

Table 2. Main raw materials 

	Raw materials
	Fe Cr
	Fe Si
	Fe Mn
	Fe Si Mn
	Available quantities (bi)
	Unit price of raw materials (pi)

	Electric energy

(000 kwh)
	4
	9.6
	2.63
	4.75
	b1  
	8

	Manganese

ore (t)
	0
	0
	2.04
	0.5
	b2   
	19.5

	Coke (t)
	0.5
	0.29
	0.465
	0.48
	b3  
	35.5

	Electrode 

mass (t)
	0.035
	0.07
	0.022
	0.06
	b4  
	86

	Quartz (t)
	0.28
	2
	0.02
	0.58
	b5  
	7.1


According to these data the production planning problem can be posted as the linear programming model with one or more objective functions. If xi is the production quantity of i-th ferroalloy, objective function (total net-income) which has to be maximized is:
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The second goal function is the total usage of capacities (furnaces), and it is:
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and the third is maximization of the total ferroalloys production with a higher ponder on FeCr and FeSiMn which are mostly exported:
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Furthermore, because of connected production of FeMn (x3) and FeSiMn (x4) our problem has imposed a need for introducing the additional constraint: x3 ( 1.4x4. 

In that way the complete multi-criteria production planning problem has the following form:
Multi-criteria model:
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3. Solving the problem with De Novo approach

De Novo formulation of the problem assumes that raw materials quantities are not limited, i.e. that any quantity can be purchased depending on the means available for that purpose. In other words, instead of the constraint on the available quantities of raw materials we obtain only one constraint, which is the constraint of the available budget (B). If raw material unit price is pi (i = 1, ...,m) and the required quantity is bi, we have additional budget constraint 

     
p1 b1 + p2 b2 + ..... + pm bm (  B



(1)

Solving that model can be made simpler by the substitution of bi equations into the budget equation, where



p1 a1j + p2 a2j + ..... + pm amj = vj



(2)
represents the unit variable cost of producing product j, and aij are the technological coefficients, i.e. the use of 
i-th raw material per one unit (tone) of i-th product (ferroalloy).
In that way, instead of the equations for bi  we obtain only one budget constraint which is:



v1 x1 + v2 x2 + ..... + vn xn (  B



(3)

From the data from Table 2. we can calculate these unit variable costs, and they are:
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For the available budget we take approximately the means that factory spent in previous years for purchasing the raw materials, and that is 4,500,000 monetary units.
In that way we obtain the final multi-criteria linear programming model with one budget constraint, and with additional constraints for market and technological reasons:
De Novo model:
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The first step in solving this problem in De Novo mode is to obtain the optimal solutions particularly for every objective function. That can be done by usual simplex method and we obtain three marginal solutions which are:
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(total net-income)
In that solution all of the available means (budget) is totally spent, and only the second furnace works with about 45% of its full capacity.
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(total usage of capacities - furnaces)
All of the available means (budget) is again totally spent, but because of the additional constraint and available budget, maximum usage of the furnaces (23 000 hours) is not in use, i.e. use of full furnace capacity is about 86%.
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The entire of the available budget is totally spent, but the third furnace now works with about 50% of its full capacity. 

We now obtain three different solutions, solutions which gave us the maximum of all three objective functions but not all simultaneously. What is to be done now? We have an ideal point:
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which cannot be reached with available budget of 4,500,000 monetary units.

Using De Novo concept we will try to obtain the solution which will have all the three objective functions at the desired level  but with the minimum of monetary spending, i.e. with the minimum budget spent. So we have another production model which is:


Min B 


z1 = z1*






 

z2 = z2*


z3 = z3*
In literature (see [2], [6] and [11]) the solution of that problem is the so-called "meta-optimal" solution. But the above problem, in our case, is infeasible. Namely searching for the meta-optimal solution is not possible in such case because the feasible solution does not exist due to some additional constraints. In our example these additional constraints are furnace capacities and technological constraint. We will show the way how to proceed with De Novo when some fixed (additional) constraints exist which make the meta-optimum model infeasible.
In the original model (Zeleny, Shi) these constraints are stated as equations, but due to additional constraints (that we have in our production model) that model would not have any feasible solution. So we relaxed slightly these constraints stating that our objective functions have the values equal or greater than the ideal values.
So we have another production model which is:


Min B 


z1 ( z1*


z2 ( z2*


z3 ( z3*

and with all of the additional constraints, i.e.
Meta-optimal model I:

Min B = 54.748 x1 + 107.315 x2 + 79.362 x3. + 74.068 x4
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xj  ( 0, j = 1,..., 4 

The optimal solution of this model can be easily obtained and it is:
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and the minimum amount of budget spending is:
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With this amount of money we will obtain first and third objective function exactly at the desired level, and the second objective function is slightly greater (z2 = 20126.66).
We will call this solution the meta-optimal solution, and B* is the meta-optimal budget level.
The problem appears if we do not have such amount of money. Our initial budget is 4500 000 monetary units and we have to structure our optimal solution in accordance with available budget and meta-optimal solution. In other words, we have to design a new solution which will spend the available amount of money, i.e. our initial budget. We also can easily determine the quantities of raw material for meta-optimal solution but it will cost more money than we have (i.e. it will cost B*= 4 742 856). 
For solving this problem we can use the so called optimum-path ratio r* = B/B* and with that ratio we can recalculate our meta-optimal solution to one which we can obtain with the available amount of money (budget B). Shi (6) defines six possible types of optimum-path ratios, but our opinion is that this one (r4 in Shi's paper) is the most appropriate one, so we shall use it for deriving our optimal solution. 
In our case optimum-path ratio is:
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and with that ratio we can easily calculate new values of xi and appropriate values of objective functions:
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Three objective functions have their appropriate values that can be calculated similarly:
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This solution can be attained with available budget of 4 500 000, and with those values we can calculate the portfolio of raw materials to be acquired at the current market prices pi. The quantities that we need for this production design can be calculated from the initial model from equations for bi, and they are:

b1 = 311 299.21 (electric energy),  b2 = 24300.28 (manganese ore), b3 = 29329.57 (coke),

b4 = 2721.47 (electrode mass) , b5 = 36584.66 (quartz). 
This portfolio can be purchased with the available budget of B = 4500 000 monetary units. In the same way we can calculate the optimal design for any other budget level.
Finally we have our solution which can be presented to the decision maker if he (she) does not want to spend more money over the initial budget. In that solution there is also presented the level of raw materials to be acquired before the production process begins.


Another problem can appear if the decision maker has his own preferences for the three objective functions. What to do now? Optimal pattern matching (choosing the optimum path ratio) is more complex in such situation. In our example we obtain the meta-optimal solution which gave to the second objective functions slightly greater value than it is in the ideal point. Let us show only one of these possibilities. Suppose that the first and the second objective functions are slightly more important to the decision maker. What is more, suppose that we want our furnace capacities to be better exploited, i.e. we will take the request that total furnace capacities will be equal or above 21000 hours (the maximum capacity is 23000 hours). We will obtain the solution that will use more money than our initial budget (4500000), so we must design our solution in accordance to available budget. Now our model is:
Meta-optimal model II:


Min B = 54.748 x1 + 107.315 x2 + 79.362 x3. + 74.068 x4
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The optimal solution of this model  is:
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and the minimum amount of budget spending is:
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which is more than in previous model.
The values of the three objective functions are now:


z1**= 2 724 647, z2**= 21 000, z3**= 121 225.8
Now we have to take another optimum path ratio and it is:
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and with that ratio we can  calculate new values of xi and appropriate values of objective functions:
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and in the same way we obtain:
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Three objective functions have their appropriate values that can be calculated similarly:
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This solution can be attained with available budget of 4 500 000, and with those values we can easily calculate the portfolio of raw materials to be acquired at the current market prices pi. The quantities that we need for this production design can be calculated from the initial model from equations for bi. 
This portfolio can be purchased with the available budget of B = 4500 000 monetary units. In the same way we can calculate the optimal design for any other set of decision maker's preferences. 
5. Conclusion


De Novo presents a special approach to optimization. Instead of "optimizing a given system" it suggests a way of "designing an optimal system". The basis of the standard approach is a production model with resources defined in advance, so that the constraints and the feasible set are fixed. 


However, De Novo approach does not limit the resources as most of the necessary resource quantities can be obtained at certain prices. Resources are actually limited because their maximum quantity is governed by the budget which is an important element of De Novo. 

Using De Novo approach most various cases, especially in multi-criteria optimization, can be handled more effectively than by the standard programming models. Changes in prices, technological coefficients, increasing costs of raw materials, quantity discounts and other similar and real production situations can be easily incorporated in De Novo model and provide very satisfactory solutions.

The new idea in this research is the way how to behave in such cases where we have additional constraints (which may make our meta-optimal problem infeasible), and how to behave in the situation when decision maker has some additional preferences above the chosen objective functions. We show how to behave in such situations, but we must have in mind that every such problem has its specific characteristics and its decision maker. We must not give the final solution without the decision maker, but we hope that De Novo concept of optimization can give the decision maker many new views of his (hers) problem and that he (she) can optimize his (hers) preferences in mutual competition of the chosen criteria.
6. References

1. Z.Babić, N.Plazibat (1985): Application of the Goal Programming to the Production Planning Problem, Seventh European Congress on Operations Research - EURO VII, Bologna, Italy, June 16-19, 1985.

2. M Zeleny (1986): Optimal System Design with Multiple Criteria: De Novo Programming Approach,  Engineering Costs and Production Economics, No. 10, pp. 89-94.
3. M.T. Tabucanon (1988): Multiple Criteria Decision Making in Industry, Elsevier, Amsterdam.

4. R.J. Li, E.S. Lee (1990): Multicriteria De Novo Programming with Fuzzy parameters, Computers Math. Applic. Vol. 19, No. 5, pp. 13-20

5. R.J. Li, E.S. Lee (1990): Fuzzy Approaches to Multicriteria  De Novo Programs, Journal of Mathematical Analysis and Applications 153 (1),  pp. 13-20

6. Y. Shi (1995): Studies on Optimum Path Ratios in Multicriteria De Novo Programming Problems, Computers Math. Applic. Vol 29, No. 5, pp.43-50. 

7. Z.Babić, I.Pavić (1991): De Novo Programming in MCDM, 16th Symposium on Operations  Research, September 9-11. 1991, Physica-Verlag, Heidelberg, 1992, pp. 579-582.

8. Z.Babić, I.Pavić (1996): Multicriterial Production Programming by De Novo Programming Approach,  International Journal of Production Economics, Vol. 43, No.1,  1996. pp. 59-66. 

9. Y. Shi (1999): Optimal System Design with Multiple Decision Makers and Possible Debt: A Multicriteria De Novo Programming Approach, Operations Research, 47, pp. 723-729.

10. Z. Babić (2005.): Production Planning via De Novo Programming, Global Business & Economics Anthology, Worcester, USA,  pp. 476-484.. 

11. M. Zeleny (2005.): The Evolution of Optimality: De Novo Programming; C.A. Coello Coello et al. (Eds.): EMO 2005, LNCS 3410, pp. 1-13.

� For useful comments and suggestions we would like to thank the anonymous reviewers and the discussants at the 2006 B&ESI Conference in Florence.





9

_1216717053.unknown

_1216717335.unknown

_1216717376.unknown

_1216719843.unknown

_1216720069.unknown

_1216720531.unknown

_1216721144.unknown

_1216721157.unknown

_1216720590.unknown

_1216721129.unknown

_1216720472.unknown

_1216719893.unknown

_1216720046.unknown

_1216719862.unknown

_1216719541.unknown

_1216719841.unknown

_1216719842.unknown

_1216719840.unknown

_1216719514.unknown

_1216717339.unknown

_1216717341.unknown

_1216717342.unknown

_1216717340.unknown

_1216717337.unknown

_1216717338.unknown

_1216717336.unknown

_1216717154.unknown

_1216717186.unknown

_1216717207.unknown

_1216717333.unknown

_1216717334.unknown

_1216717214.unknown

_1216717218.unknown

_1216717222.unknown

_1216717210.unknown

_1216717201.unknown

_1216717204.unknown

_1216717196.unknown

_1216717179.unknown

_1216717183.unknown

_1216717176.unknown

_1216717073.unknown

_1216717150.unknown

_1216717077.unknown

_1216717147.unknown

_1216717066.unknown

_1216717069.unknown

_1216717063.unknown

_1216717019.unknown

_1216717037.unknown

_1216717044.unknown

_1216717048.unknown

_1216717041.unknown

_1216717029.unknown

_1216717034.unknown

_1216717024.unknown

_1216717002.unknown

_1216717012.unknown

_1216717016.unknown

_1216717007.unknown

_1216716994.unknown

_1216716997.unknown

_1216716977.unknown

