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Abstract: 

In this research paper, the complex problem of Multi-objective Multi-item Stochastic Solid Transportation Problem (MOMSSTP) with random 

parameters as stochastic nature. Traditional transportation models often fail to capture the intricacies of modern logistical operations, where multiple 

conflicting objectives, diverse item types and uncertain conditions are prevalent. Our study formulates an advanced MOMSSTP framework that 

incorporates these factors, aiming to optimize cost of transportation and time of transportation. Stochastic elements are introduced to account for 

uncertainties in origin’s supply, conveyance’s capacity and destination’s demand which making the model robust and adaptable to variable operational 

conditions. On the basis of chance constraint programming suggest an approach to tackle the multi-objective multi-item stochastic solid transportation 

problem with random parameters characterized through gamma distribution and also used fuzzy programming approach for optimization. The 

effectiveness of our approach is demonstrating through a numerical example. 
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1. INTRODUCTION 

The efficient transportation of goods is a critical aspect of supply chain management, influencing both cost efficiency and service quality. Traditional 

TP’s have been extensively studied, typically focusing on minimizing costs while transporting homogeneous products from multiple sources to various 

destinations. Firstly, Hitchcock [1] in 19141 introduced the classical transportation problem, a particular type of LPP (linear programming problem. In 

this classical transportation problem, homogeneous goods are moved from various sources to several destination with the aim of minimizing 

transportation costs. However, in real world scenarios, the complexity increases with the need to consider multiple objectives, multiple items and 

uncertainties in supply, demand and transportation capacities. Also, referred to as the 3-dimesional transportation problem, is ideal for these scenarios 

because it accounts for three key constraints. Haley [2] expanded the modified distribution approach by providing a solution procedure for solid TP. [3] 

. [4] Applies fuzzy linear programming to tackle the multi-objective solid TP, offering optimal solutions and comparing its effectiveness to other 

methods using a Fortran-based implementation. [5] presented a multi-objective approach to goal programming that simplifies the process by 

eliminating extra constraints and weight factors, while also effectively handing non convex trade off regions. [6] modified techniques to adjust cost’s 

coefficients in objective functions with multi- choice goals for binary variables. [7] used expected value operator to obtain crisp values and obtained 

compromised solution by applying fuzzy programming technique & global criteria method. [8] 

suggested an approach to obtain compromised solution by using global criteria, fuzzy interactive satisfied method & convex combination method. [9] 

suggested a methodology for converting unbalanced MOMIST issue to balanced problem. [10] investigate solid TP with fixed prices in uncertain 

nature. [11] proposed a methodology to solve multi-objective solid TP under uncertainty on the basis of chance constrained programming, also 

proposed initial feasible condition and extended fuzzy programming. [12] under fuzzy environment, five new methods to defuzzied the fuzzy models. 

[13] the single goal solid TP has been extensively studied by a number of researchers. [14] applied expected value operator to transformed intuitionistic 

fuzzy multi-stage multi-objective fixed price solid TP under green supply chain to deterministic form. [15] proposed an approach to optimize MOMST 

problem under uncertainty. [16] suggested a new approach for obtaining POS results of fixed charge STP under intuitionistic nature. [17] discussed 
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three models, optimistic value model, dependent optimistic constrained model and expected-value model. [18] proposed a new method to optimize 

unbalanced fully rough multiobjective fixed charge transportation problem. [19] suggested an approach for finding the deterministic ideal allocation of 

trucks fleet in Egypt private sector company. [20] proposed a methodology to obtain optimal results of sustainable multi-objective 4-dimensional MIST 

problem under triangular intuitionistic fuzzy environment. [21], [22] proposed a LP (linear programming) method to optimized the storage’s capacity. 

[23] suggested an algorithm to tackle the solid stochastic TP in fuzzy environment. [24] obtained POS by proposed a new technique for optimize fuzzy 

bi- objective fixed charge multi-index TP. In this research, we introduced the mathematical model for a MOMSSTP where the origin’s supply, 

conveyance’s capacity and destination’s demand follow gamma’s distribution. Additionally, developed an effective technique for optimizing the 

proposed problem. The research framework is structured as follows: section 2 presented models for MOMSSTP with gamma’s distribution & created a 

comparable crisp model for the issue. Section 3 discussed the fuzzy’s programming approach for MOMSSTP model. A numerical issue is solved and 

discussed results in section 4. Finally, provides a summary of the study’s conclusions and identify the future scope in section 5. 

2. Mathematical Model For MOMSSTP 

This section includes formulation of MOMSSTP and formulation of multi-objective multi-item stochastic solid transportation problem. 

2.1. Formulation For Multi-Objective Multiple Items STP 

A STP extends the traditional 2-D transportation problem by incorporating multiple modes of transport for moving multiple items from various 

production sites to multiple destinations. STP includes three set constraints: supply limits from sources, demand requirements at destinations and varying 

capacities of transportation modes. The primary goal in STP is to create an effective transport plan that minimizes costs while meeting all constraints. In 

real life scenarios, it often involves optimizing multiple objectives simultaneously rather than focusing on single objective. Also, these parameters such as 

origin’s supply, destination’s demand & conveyance’s capacity are often imprecise and uncertain due to factors such as fluctuation in raw material 

availability, change in customer preferences, availability and reliability of different transport modes and limited information. Set theory of random 

variables is used to handle such uncertainties. Therefore, a model which is in mathematical form is developed for a multi-objective multiple items STP 

that incorporates random origin’s supply, conveyance’s capacity & destination’s demand. 

 

 

Here, uncertain parameters follow Gamma’s distribution which is widely used in continuous distributions for modelling the uncertainties in 

destination’s demands, origin’s supply and conveyance’s capacities over time in STP. Specifically, it captures scenarios where the destination’s 

demands for certain products is initially high and gradually decreases, reflecting real-world patterns such as monthly consumption trends. This is 

particularly useful when the demand for commodities like rice. The gamma distribution’s flexibility in handling different shapes and scales allows for a 

more accurate representation of these dynamic changes. By incorporating gamma distributed variables, the STP can account for fluctuation and provide 
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a robust framework for optimizing transportation strategies, ensuring that origin’s supplies and conveyance’s capacities are adjusted appropriately to 

meet varying demand efficiently. In problem (1-5), variables which assumed as random form are with independent gamma’s distributions have distinct 

shape parameters and scale parameter remains same with known mean and variance. TP is unbalanced because of uncertainty. There are 2 feasible 

situations for an unbalanced STP. First is total supply of each item q from all sources should be maximum or equal to the total destination’s demand for 

that items across all destinations and second is total conveyance’s capacities should be maximum than or equal to the total destination’s demand for 

each item. These situations are mathematically indicating as follows: 
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The equivalent crisp model varies based on the nature of the parameters, which can be either deterministic or random. If 

we assuming the parameters follows gamma’s distribution with shape parameters greater than one, the crisp form 

becomes nonlinear. The four identified models identified are structured so that the first 3 models are subsets of fourth 

model. This means that by treating some parameters as crisp, the first 3 models can obtain from the fourth. When all 

parameters of a chance- constraint are crisp, the probability of satisfying the constraint is one. Therefore, the crisp model 
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for the fourth model is discussed. To tackle this problem using traditional methods, deterministic equivalents to the 

chance-constraints are required, but this approach is complex and often only feasible in special cases. The following 

postulates present the crisp equivalent for chance constraints with gamma- distributed random variables. 
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Result and Discussion 

Developed deterministic models for the Multi-Objective Multi-item Stochastic Solid Transportation Problem 

(MOMSSTP) also, addressing the complexities associated with random parameters in a stochastic environment. Non-

linear constraints are the corresponding deterministic form’s chance constraints. The model was tested using a numerical 

example, demonstrating its ability to optimize transportation cost and time effectively while accounting for uncertainties 

in supply, demand and conveyance’s capacity. The incorporation of stochastic elements through gamma distribution and 

extend fuzzy programming technique provided a comprehensive solution that is both adaptable and efficient. All models 

are solved through Lingo 20.0 software. 

Compromise solutions for first case shows that, it takes about 129 days to deliver 17 thousand tones sugar and 13 

thousand tons of jaggery from two factories to three warehouses, addressing to the optimal values of the first model’s 

objectives are 𝑍1 = 157.1401 and 𝑍2 = 127.4196. The lowest possible cost of transportation being Rs. 1,571,401. The 

achievement rate is 0.7725024 for objectives in fuzzy’s programming approach. 

In second case of compromise solution shows that, it takes about 101 days to deliver 12.387572 thousand tones sugar 

and 11.9697416 thousand tons of jaggery from 2 factories to 3 warehouses, addressing to the optimal values of the 

second model’s objectives are 𝑍1 = 127.7289 and 𝑍2 = 100.3633. The lowest possible cost of transportation being Rs. 

1,277,289. The achievement rate is 0.8192394 for objectives in fuzzy’s programming approach. 

From the compromise solutions for third case shows that, it takes about 202 days to deliver 24 thousand tones sugar and 19 

thousand tons of jaggery from 2 factories to 3 warehouses, addressing to the optimal values of the third model’s objectives 

are 𝑍1 = 243.5593 and 𝑍2 = 201.5663. The lowest possible cost of transportation being Rs. 2,435,593. The achievement 

rate is 0.7323789 for objectives in fuzzy’s programming approach. 

Finally, compromise solutions for last case shows that, it takes about 104 days to deliver 13.110036 thousand tones sugar 

and 11.9697419 thousand tons of jaggery from 2 factories to 3 warehouses, addressing to the optimal values of the fourth 

model’s objectives are 𝑍1 = 134.9090 and 𝑍2 = 103.3976. The lowest possible cost of transportation being Rs. 

1,349,090. The achievement rate is 0.7799807 for objectives in fuzzy’s programming approach. 

Conclusions 

This research presents a solution method for MOMSSTP where origin’s supplies, destination’s demands and conveyance’s 

capacities follow gamma’s distribution. A chance-constraint programming method is used to convert the issue into crisp 

model, which becomes nonlinear under this distribution. Due to presence of random variables, standard feasibility 

conditions can’t be applied, so the chance-constraint method is used to ensure feasibility. Fuzzy programming is then 

employed to obtain a compromise results, balancing conflicting objectives. In this research all parameters are uncertain 

except coefficient of objectives. So, the issue can be further explored by considering coefficient of goals in stochastic or 

fuzzy environment. 
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