
1 
 

Simulation and Mixed Integer Programming Optimization 

for Manufacturing and Transportation Scheduling 

 

Can Celikbilek*(cc340609@ohio.edu), Bulent Erenay and Gursel A. Suer, PhD 

Department of Industrial & Systems Engineering, 

Russ College of Engineering, Ohio University 

Athens, Ohio, USA, 45701 

 

Abstract 

In this research, a simulation model is developed along with a mixed integer programming 

approach in Cellular Manufacturing Systems (CMS) for joint optimization of manufacturing 

scheduling and transportation mode selection decisions. The objective of this research is to 

maximize the total profit for a company. Job sequences are determined in each cell and then 

alternative transportation methods are identified for each and every job to maximize the total 

profit.  

Introduction 

Integration of manufacturing scheduling and transportation related decisions are the main drivers 

of supply chain management. Scheduling and manufacturing due dates are studied extensively in 

the literature. Along with mathematical models, simulation is one of the important tools being 

utilized in these studies. Moreover, simulation is a widely used method to design and analyze 

cellular manufacturing systems. In some cases simulation is used to validate the results obtained 

from another optimization tool such as mathematical modeling, genetic algorithms etc. 

Simulation allows the designer the ability to analyze the simulated manufacturing system in 

detail in terms of desired properties, and to compare configurations based on selected 

performance measures (Egilmez, Süer, & Huang, 2012).  

In this paper, a simulation model is utilized along with an integer mathematical modeling in 

order to determine jobs in each cell and then specify the transportation methods for each job in 

order to maximize the total net profit. The performed simulation model is used for observing the 

system and model with different performance measures. It is important to mention that, 

simulation is not used for optimization purposes; simulation is used for simulating the behavior 

of the optimization model with different performance measures. The flow of the paper as 

follows; a brief simulation and manufacturing scheduling literature is given in the next section. 

Later, the problem is stated in the problem statement section. In the methodology section, the 

mathematical model is explained and the representation of the simulation models is shown. The 

mathematical model results and the simulation model performance measures are discussed. Last 

but not least, concluding remarks, discussions and future work are stated in the conclusion 

section.  
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Literature Review  

Ramasesh presented a literature review of job shop scheduling research where simulation is used 

(Ramasesh, 1990).  Chan, Chan and Lau (2002) provided an extensive survey focusing on 

simulation based flexible manufacturing system research. Smith and Seidman (1983) studied the 

effects of due date selection procedures on shop performance using simulation. Han and 

McGinnis (1989) proposed a new scheduling rule based on shortest processing time and earliest 

due date, and developed a simulation model to compare this rule with other scheduling rules in a 

job shop environment (Han & McGinnis, 1989). Hop and Sturgis (2000) proposed a model to set 

the manufacturing due dates for a target level of percent of on time jobs. The tool is simulated in 

order to compare it with other methods and showed superiority in complex situations. Philipoom 

(2000) developed a simulation model in order to study in the interactions between due dates, 

scheduling rules and tardiness using penalties. Arakawa, Fuyuki and Inoue (2002) proposed a 

new scheduling rule based on simulation in order to minimize the due date deviation. They 

combined backward and forward simulation method and parameter-space-search improvement 

method. Vinod and Sridharan (2011) simulated a dynamic job shop manufacturing system in 

order to study the interaction between seven scheduling rules and due date assignment methods. 

Performance measures such as average flow time, average tardiness, average lateness, number of 

tardy jobs are used to evaluate and compare the various simulations models developed. No 

scheduling rule dominated the results for all performance measures. 

Problem Statement 

The problem of this paper arises from the pharmaceutical company that manufactures blood 

sugar monitoring devices and ships with different transportation modes. In the manufacturing 

plant, there are three cells and each cell performs three operations sequentially. Number of 

machines within each cell varies for each cell based on their type and speed. The production rate 

for each cell is different. The production rates are defined as vials/min. The strips are 

manufactured in a cellular manufacturing area and then shipped by using various transportation 

modes such as air, truck and rail. The demand and the sales price for each job are known. The 

manufacturing cost is calculated by multiplying hourly cost of labor with the number of workers 

in machines and unit processing time. In this research, the number of workers is assumed to be 

equal to the number of machines (Celikbilek 2011). Each customer would like to have the job by 

their expected due date- customer due date (dc) and also availability of alternative manufacturing 

due dates (dm1, dm2, dm3) exist in the system. Different manufacturing due dates dm leads different 

transportation leadtimes (L1, L2, L3) to be chosen. Accordingly, depending on the availability and 

capacity of manufacturing cells, a job can be manufactured in different cells by and then shipped 

by different transportation modes such that total net profit is maximized. The aim of using 

alternative manufacturing due dates is to take advantage of alternative transportation modes, 

briefly even the job is manufactured in later stages it can be compensated by using faster 

transportation modes such that customer demand is met.    

Methodology 

Both mathematical model and simulation models will be explained in this section.  
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Cell loading and due-date selection mathematical model 

Celikbilek’s (2011) previously developed integer mathematical model is proposed in order to 

maximize total net profit by assigning jobs to cells, determine job sequence in each cell and 

identify the transportation methods for each and every job in a multi-cell manufacturing 

environment. The notation is as follows; 

 
 

   (1) 

       (2) 

 

      (3) 

(Celikbilek 2011) 
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In the above mathematical model, equation (1) defines the total net profit obtained by deducting 

additional transportation cost for choosing different transportation modes from the net profit by 

assigning jobs to cells with selected manufacturing due dates. Equation (2) enforces that for each 

job, only one cell and manufacturing due date combination is selected. Equation (3) guarantees 

that, jobs from set Wk assigned to cell z cannot violate due date k. The proposed multi-cell 

loading mathematical model is described below (Celikbilek 2011). First, all manufacturing due 

dates are sorted in the increasing order (including all alternative due dates as well). Then, the 

mathematical model is solved (Celikbilek 2011). 

Simulation Models 

 

Simulation is performed for observing the behavior of the system studied. Only 10 and 15 job 

problem sizes are considered and these are shown in below Figure 1.  

 
 

Figure 1: The simulation models for 10-job and 15-job problem sizes 

 

Basically, the simulation system starts with the arrivals of jobs to the system. Then, each job 

which has different processing times assigned to cells with corresponding due dates. After the 

jobs are manufactured in different cells, then the jobs leaves the system and sent to customers by 

corresponding alternative transportation modes.  
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Preliminary Experimentation and Results  

 

Preliminary experimentation consists of 10-job and 15-job problems. Firstly, the results of 

mathematical model will be stated and then the results obtained from the simulation model will 

be provided briefly.  

 

Preliminary Results of cell loading and mathematical model  

 

According to the results, no tardy jobs are obtained in 10-job problem but four tardy jobs are 

obtained in 15 job problem Table 1 below summarizes the results for different job problems. 

 
Table 1: Results of different job problems 

Problem Sizes  

10 job  15 job  

x122=1 x323=1 

x232=1 x531=1 

x333=1 x632=1 

x422=1 x711=1 

x512=1 x821=1 

x622=1 x921=1 

x731=1 x1031=1 

x823=1 x1121=1 

x913=1 x1212=1 

x1012=1 
x1333=1 

x1512=1 

   

Preliminary Results of simulation model 

 

First of all, the results of 10-job model are explained below. According to the simulation results, 

the processing time of each product (hours) for the corresponding cell is shown below Figure 1. 

 
Figure 1: The total processing time of jobs in each cell- 10 jobs. 

Moreover, the average waiting time for each cell (processing queue for each cell) and scheduled 

cell utilization of each cell is illustrated in Figure 2, respectively.  
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Figure 2: Queue processing time and cell utilization- 10 jobs 

 

The results of 10-job problem indicate that the highest average queue and the waiting time is 

observed in cell 2 and meanwhile the highest utilization is obtained in cell 2.  

  

Similarly, the results of 15 job problem are discussed.  According to the simulation results, the 

processing time of each product (hours) for the corresponding cell is shown below Figure 3.  

 

 

Figure 3: The total processing time of jobs in each cell- 15 jobs. 

Moreover, the average waiting time for each cell (processing queue for each cell) and scheduled 

cell utilization of each cell is illustrated in Figure 4, respectively.  
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Figure 4: Queue processing time and cell utilization-15 jobs 

 

The results of 15-job problem indicate that the highest average queue and the waiting time are 

observed in cell 3 and also the highest utilization ration is obtained in cell 3 as well.  

  

Conclusions, Discussions & Future Work 

 

Optimization and simulation of manufacturing scheduling and transportation mode selection 

operations are important for a manufacturing company for managing the supply chain. Therefore, 

the aim of this paper is to drive the manufacturer by proposing a mixed integer mathematical 

model and simulate the behavior of the system for joint optimization of manufacturing 

scheduling and transportation mode selection decisions in a cellular manufacturing environment. 

Job sequences are identified in each cell and then, alternative transportation methods are 

determined for every job to maximize the total profit. The simulation results show the necessity 

of designing cellular manufacturing system in order to increase the utilization of each cell, 

incorporating dedicated, shared and also remainder cell concept would be beneficial. Moreover, 

incorporating the stochasticity for different parameters, application of different heuristics/meta-

heuristics and many more can be considered as a future work of this research.   
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