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Abstract Transportation planning and related decision making are quite difficult tasks with actual data. In such instances, multi objective fuzzy linear programming models with fuzzy objective functions and constraints may be useful to determine the optimal compromise solution. This study is conducted to find the effectiveness of the Multi Objective Linear Programming (MOLP) model under two fuzzy environments; (a) when the model has fuzzy objective functions with crisp constraints (b) when the model has fuzzy objective functions and fuzzy constraints. Our aim was to find out how effectively the model works under these two situations. In the first model the objective functions, total production and transportation costs and total delivery time as fuzzy objective functions have been considered and in the second model the above two fuzzy objective functions with fuzzy supply and fuzzy demand constraints have been assessed. The study had shown that the optimal compromise solution obtained by the second model was effective compared to the other, under this data analysis.
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1. Introduction Acquiring accurate data for most systems is one of the most difficult tasks, which is mainly due to their extreme complexity thus making it difficult to predict the behavior of such systems. To solve this problem, Zimmermann (1985) introduced the multi-objective fuzzy linear programming model with fuzzy objective functions and constraints. This fuzzy model can be used to determine the optimal compromise solution of a multi objective problem. In this research the effectiveness of the multi-objective programming model was studied according to following two cases: (1) Fuzzy goals and crisp constraints. (2) Fuzzy goals, fuzzy constraints and crisp constraints. Bellman and Zadeh (1970) initiated the concept of decision making in a fuzzy environment involving several objectives. In that paper, a mathematical model was developed to make the most favourable decision in a fuzzy environment. Fuzzy linear programming approach to a linear vector maximum problem was initiated by Zimmermann (1978, 1985). In that paper it was explained that the consequences of using S.M.N.S.K. Seneviratne,



IJRIT-205



IJRIT International Journal of Research in Information Technology, Volume 3, Issue 5, May 2015, Pg.205-209



different ways of combining individual objective functions in order to determine an optimal compromise solution. Zimmermann’s (1996) treatise provides an affirmative answer to any significant problem in which the use of the theory of fuzzy sets leads to results that could not be obtained by classical methods. An important issue addressed in his treatise is the use of fuzzy sets in decision analysis. Transportation planning and related decision making with actual data will be helpful to minimize the total production transportation costs and the total delivery time subject to available supply, machine usage at each source, forecast demand and warehouse space at each destination. Tien-Fu Liang (2006) has presented a fuzzy multi objective linear programming model which is practically applicable for solving transportation planning decision (TPD) problems. In this research the multi objective fuzzy linear programming model with fuzzy objective functions and constraints were used to study the TPD problem with the actual data obtained from a company located in Sri Lanka to study the effectiveness of the multi-objective programming model according to above two cases.



2. Methodology Transportation planning decision problem is briefly explained below focusing the effectiveness of Zimmermann MOFLP model (1985) when fuzziness applies to only goals and when fuzziness applies to both goals and constraints. The optimal compromise solution will be used to compare the effectiveness of the two models. Objective 1: Minimization of total production and transportation costs (Z1) m



n



Minimum Z1 = ∑∑ [ pij + cij ] * [ xij ] , i =1 j =1



pij = Production cost per unit delivered from source i to destination j cij= transportation cost per unit delivered from source i to destination j and xij = units transported from source i to destination j. Objective 2: Minimization of total delivery time (Z2)



 n n  Minimum Z 2 =  ∑∑ [tij ] * [ xij ]  ,  i =1 j =1  tij = transportation time per unit delivered from source i to destination j. Constraints: (1) Total available supply for source i n



∑x



ij



≤ Si



∀i ,



j =1



Si = total available supply for each source i. (2) Total forecast demand for each destination n



∑x



ij



≥ Dj



∀j ,



j =1



Dj = total forecast demand for each destination j.
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(3) Total budget m



n



∑∑ [ p



ij



+ cij ] * [ xij ] ≤ B ,



i =1 j =1



B = Total budget.



(4) Machine capacities for each source n



∑a x



ij ij



≤ M i max ∀ i ,



j =1



aij = hours of machine usage per unit produced by each source i and Mimax = maximum machine capacities available for each source i. (5) Warehouse space for each destination j n



∑b x



ij ij



≤ W j max ∀ j ,



j =1



bij = warehouse space per unit delivered from source i to destination j and Wjmax = maximum warehouse space available for each destination j. (6) Non-negativity constraints



xij ≥ 0



∀ i, j



3. Results and Discussion Model (1): MOFLP model with fuzzy goals and crisp constraints Max λ Subject to



λ ≤ µ g (Z g )



∀g



and all the existing constraints and bounds (constraints 1 to 6) , where Zg is the gth objective function and µ g(Zg) is the corresponding linear membership function for each fuzzy objective function. Model (2): MOFLP model with fuzzy goals and fuzzy constraints Max λ Subject to



λ ≤ µ g (Z g )



∀g



λ ≤ µi ( H i )



∀i



m



where H i = ∑ xij ∀ i j =1 n



λ ≤ µ j (V j )



∀j



where V j = ∑ xij ∀ j i =1



and all the existing constraints and bounds (constraints 3 to 6),
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µ i (Hi) , µ j (Vj) are the corresponding linear membership functions of fuzzy supply constraint and fuzzy demand constraint respectively (Tien-Fu Liang.(2006)). Data of a company located in Sri Lanka producing equipments for LP gasoline and other commercial gasoline was used for this study. Table 1 and 2 contains the logistic details of selected items: Table 1 Summarized transportation data



Source Item 1 Item 2 Item 3 Forecast demand



Europe 153*/25** 96/25 35/25 [375,516]



Destination Middle East America 148/25 167/32 85/25 103/32 30/25 43/32 [135,225] [1275,2000]



Far East 112/18 63/18 25/18 [410,500]



Available Supply [350,500] [200,215] [1000,2100]



* transportation cost per unit (in Euro) ** delivery time per unit (hours)



Table 2 Summarized production data



Item 1 Item 2 Item 3



pij (Euro/unit) 1453.87 1385.00 618.90



aij (machine hours/unit) 3.8 4.5 2



Mimax (machine hours) 1700 680 3000



bij (ft2/unit) 12000 8000 5500



The solutions obtained by solving the above two models are summarized in the Table 3:



Table 3 Optimal transportation plans obtained by the two models



MODEL 1



x ij (number of equipments)



Objective values



x11 =0 , x12 = 2875.002, x13 =26929 , x14 =5860.151,



Z p =57712.48(Euro),



x 21 =0, x 22 =235.1491, x 23 =0, x 24 =0,



Z t =1044964 (hours)



x31 =0, x32 =0, x33 =0, x34 =0, MODEL 2



x11 =50000, x12 = 0, x13 =0 , x14 =0,



Z p = 58662.5 (Euro)



x 21 =0, x 22 = 2250, x 23 =0, x 24 =4812.5,



Z t = 1432875 (hours)



x31 =1600, x32 =0, x33 =0, x34 =0,



4. Conclusion The optimal compromise solutions obtained by solving the two models have been analysed to find the effectiveness of the model under each situation. The MOFLP model with fuzzy objective functions and constraints attained an effective compromise solution compared to the model with fuzzy objective functions only and this was demonstrated by applying the models to a TPD problem.
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