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ABSTRACT 

 

In this research, we developed the production scheduling and rescheduling model for 

both single machine and job shop manufacturing system to handle urgent jobs arrivals. 

According to nature of job shop manufacturing system, urgent jobs arrival can be 

occurred at any point in time. Thus, having appropriate rescheduling model to handle 

this disruption will be huge benefit to manufacturer. In practical situation, manufacturer 

needs to respond quickly in order to deal with urgent jobs arrivals. At first, a 

mathematic model is developed to create baseline schedule. Then, a rescheduling model 

is developed to handle urgent jobs.  After mathematic model have been developed, 

CPLEX optimization program is used to conduct numerical experiment. In baseline 

scheduling model, two objective functions which are total weighted tardiness and total 

weighted completion time. These two objective functions represent important from 

customer and producer. For rescheduling models, two different sets of objective 

function are used. The first set of objective functions are the total number of new tasks 

that is included in the schedule period and the total weighted completion time. The 

second set of objective functions are the total number of new tasks that is included in 

the schedule period and the total weighted tardiness. 

 

Keywords: Single machine scheduling, Single machine rescheduling, Job shop 

scheduling, Job shop rescheduling, Urgent job arrivals 
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CHAPTER 1 

INTRODUCTION 

  

1.1 Background 

 

Production planning and scheduling systems are considerably important for almost all of 

manufacturing systems because schedulers use it to arrange manufacturing facilities to 

increase productivity and to reduce production costs. Generating manufacturing planning is 

considerable important for effective manufacturing production. However, only production 

planning is not good enough to maintain high efficiency in manufacturing production. In 

practice, the schedule may be invalidated because the disruptions can interrupt the 

production operators. It is significantly important to deal with those disruptions (Katragini 

et al., 2012). Production schedules have to be generated and updated in order to allocate 

certain controllable activities to manufacturing facilities. In dynamic or stochastic 

manufacturing environments which are real-life environments, managers, production 

planers have to generate efficiency schedules and also respond quickly to disruption events 

and revise schedules in effective way. In practical environment, there are considerable 

difference between schedule and actual situation on shop floor. In both, literature and 

practical manufacturing, production planning and scheduling can be separated into two 

important steps, which are pre-scheduling (predictive scheduling) and rescheduling 

(reactive scheduling) (Jain and Elmaraghy, 1997). There is common strategy to 

rescheduling in practical situation which is predictive-reactive scheduling. (Jain and 

Elmaraghy, 1997). There are two general steps in predictive and reactive scheduling. First 

step, schedulers will create the predictive schedule based on initial information. For the 

second step, they will regenerate the schedule to response the unexpected disruptions for 

minimize the impact of those disruptions on schedule performance (Vieira et al., 2003). 

 

According to Vonder et at. (2007), almost all organizations use predictive schedules as the 

starting point for communicated within organization and other suppliers. Moreover, it have 

been used for communicated with customers. 

 

Rescheduling is used to handle scheduling problem when uncertainty situation happen. 

Uncertain situations or disruptions are the situations that make pre-schedule infeasible, 

such as, varied due date, changed processing time, machine breakdowns. It is obvious that 

only well generated pre-schedule is not sufficient for maintain overall efficiency of 

production scheduling because in practical situation disruption may occur and invalid 

scheduling at any point in time. Thus, schedulers have to adopt an appropriate method to 

deal with disruption (Vonder et al., 2007). For example, Akkan (2015) addresses a 

rescheduling problem with disruption. In this case, a new rush operation is inserted in to an 

existing predictive schedule. Another example from Jain and Elmaraghy (1997), they 

consider scheduling problem with disruption and consider four disruptions. For each 

disruption, there are difference methods to minimize the negative effect of each disruption. 

 

There are many uncertainty situations that can invalidate the baseline scheduling. 

According to Jain and Elmaraghy (1997), they consider only four main factors which are 

significantly important factors. There are unexpected machine breakdowns, changed jobs 

priorities, urgent job arrivals and cancellations of order. Each of disruption will be handled 

differently because each disruption is completely different. However, there are two 

disruptions that have similar algorithms to deal with which are increased order priorities 

and rush order arrival. According to Vieira et al. (2003), unexpected event or disruption 
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can destroy the production schedule plan and reduce the efficiency of production system 

there factors are rescheduling factor. There are the most common factors that have been 

studied in the past, machine failure, urgent job arrival, job cancellation, due date change, 

delay in the arrival of materials, change in job priority, rework, overestimation and 

underestimation of process time, and operation absenteeism. All of disruptions mentioned 

above can invalidate predictive schedule, depend on each situation. 

 

In order to dealing with disruptions, there are two main methods which are proactive and 

reactive rescheduling. For proactive scheduling, the recorded information about uncertainty 

will be considered to create a predictive schedule. Considering uncertainty will make the 

predictive more robust. In reactive scheduling, the predictive schedule will be created base 

on only initial information. The schedule will be revised only when disruption occur 

(Vonder et al., 2007).  

 

One of the most unavoidable scheduling disruption is rush order arrival disruption. This 

disruption is unavoidable because it depends on the customer order which manufacturing 

cannot control. Akkan (2015), investigated a hybrid branch-and bound and local-search 

algorithm to develop the stability of robustness of scheduling to handle rush order arrival. 

Jain and Elmaraghy (1997), dealt with four scheduling disruptions one of this is rush order 

disruption by using simulation. They proposed to use what-if logic to handle this problem. 

Nie et al. (2013), proposed an algorithm to handle job arrival. They used the scheduling 

technique which determines the next state of the system based on priority value of certain 

system elements. Rahmani and Heydari (2014),   handled the new arrival task by using the 

mathematic model for maximize scheduling effectiveness, robustness, and stability. 

 

In the practical situation, shop-flow of job shop manufacturing system is normally unstable 

due to many unexpected event. Consequently, manufacturing cost will be higher due to 

tardiness, rescheduling cost and idleness of resources (Masruroh and Poh, 2007). Rush 

order arrival disruption normally occur in job shop manufacturing because job shop is 

normally used by original equipment manufacturing (OME) that produces the product 

according to order from various customers. Thus, this manufacturing is normally received 

rush order from customer. There are many studies that have been conducted for 

rescheduling in job shop manufacturing. Tao and Xu-ping (2018), used the tabu search 

algorithm to solve the disruption problem for job shop scheduling. In this study, they 

considered a multi-objective optimization model for job-shop scheduling management 

through multi-objective programming and they considered two performance measurements 

which are stability and cost function. Nie et al. (2013), considered the dynamic job shop 

scheduling problem (DJSSP) with job release dates which arises widely in practical 

production systems by adopting the reactive scheduling approach. In this study, they used 

stability to be performance measurement. Moratori et al. (2010), considered the disruption 

of new rush order arrival on a current schedule of job shop floor. They proposed the new 

rescheduling method to create new schedule with expectable efficiency performance and 

good stability of schedule. They consider stability to be the different between current 

schedule and previous schedule. 

 

In conclusion, rescheduling is unavoidable in real world because the disruptions can occur 

at any point in time due to various causes. One of the most unavoidable disruption is rush 

order arrival which often occur in job shop manufacturing system. Actually, there are many 

studies that worked on rescheduling for job shop. In general, the optimization methods, 

such as such as dispatching rules and evolutionary algorithm will create a new schedule by 
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combining new tasks and tasks. These methods create new schedule with very good 

efficiency. However, they did not consider the relationship between new schedule and 

previous schedule, thus the new schedule from these methods will lost the robust of the 

schedule. Another method is the data mining method. This method will consider the 

information from past schedule to create new schedule. This method will give result that 

has sufficed robust schedule; however, the result will lose the efficiency such as, makespan 

or tardiness (Hao and lin, (2010).  However, we can deal with this problem by using 

different performance measurement and different methods. 

 

1.2 Problem statement 

 

In scheduling problem, first of all, schedulers have to create workable predictive baseline 

scheduling which assumes complete information in a static and deterministic environment. 

After that, however, a schedule may be subject to numerous schedule disruptions. Then, 

the schedulers have to adopt some algorithm in order to minimize the negative effect of 

those disruptions (Vonder et al., 2007). 

 

In real scheduling problem, some disruptions and unexpected events may occur due to 

many reasons. Indeed, it somehow has negative effect on manufacturing performance, such 

as longer makespan, higher tardiness, more penalty cost. In worst case, these disruptions 

may cause the initial schedule to become infeasible (Rahmani et al., 2014). Thus, it is 

considerable important for scheduler to minimize the effect of disruption on manufacturing 

performance when disruption occur. 

 

To analyze the negative effect of unexpected events on manufacturing performance, we 

consider rush order arrivals event, which is the most unexpected and unavoidable event, on 

job shop manufacturing system. Rush orders arrivals occur more often in job shop rather 

than other manufacturing system because it is the nature of job shop manufacturing.  

 

1.3 Objective 

 

This research aims to develop the mathematic model for determining the suitable re-

schedule for job shop when disruptions, which are rush order arrival, occur in order to 

minimize makespan. In the mathematic model, the stability of new schedule is taken into 

consideration to see the effect of it on production schedule. The reason that we use 

makespan and stability to be performance measure is that research in rescheduling is 

normally measured by makespan or stability separately. From operational viewpoint, using 

only efficiency measurement but lack of stability can be invalid on the real shop floor. The 

model will determine whether the rush order should be included in the current scheduling 

period or not and also determine where the rush order should be allocated. The mathematic 

model will be developed to handle single machine problem first and then expanded to deal 

with for job shop manufacturing system. 

 

1.4 Scope and limitations 

 

The system with the following characteristics will be examined throughout the research; 

 

 The predictive baseline scheduling will be generated by using two rules which are 

shortest processing time and earliest due date. 
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 The job shop manufacturing system will be considered in this research, however; 

we will develop model for single machine first, and then we will consider 

developing model for job shop. 

 For the disruption events, we consider only rush order arrival. 

 The processing time in this study is deterministic. 

 The storages or buffer in front of machines have unlimited capacity. 

 The jobs due date release are different. 
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CHAPTER 2 

LITERATURE REVIEW 

 

This study aims to develop the mathematic model for determine the suitable re-schedule 

for job shop when disruption, which is rush order arrival, occurs in order to minimize 

makespan and tardiness of manufacturing system. Therefore, this chapter will focused on 

the related literature review about rescheduling manufacturing system, reactive scheduling 

method, job shop scheduling and rescheduling, and rush order arrival disruption. 

 

2.1 Rescheduling manufacturing 

 

Rescheduling is mandatory for all manufacturing system in real practical situations due to 

the fact that disturbances may occur at any point in time and ruin the predictive baseline 

schedule. Rescheduling is the process of updating an existing production schedule in 

response to disruption (Vieira et al., 2003). The production status and production 

performance can be changed by the unexpected events (disruption); therefore, these 

unexpected events will be called trigger rescheduling to reduce the negative impact. For 

this reason these events are called rescheduling factors (Demeulemeester and Herroelen, 

1992. The most common factors identified in rescheduling studies are as follows: 

 

 Machine failures 

 Urgent job arrival  

 Job cancellation  

 Due date change  

 Delay in the arrival or shortage of materials  

 Change in job priority  

 Rework or quality problems  

 Over- or underestimation of process time  

 Operator absenteeism  

 

In rescheduling literature, dynamic scheduling and predictive-reactive scheduling are 

general strategies that have been used to monitor production system that urgent job arrivals 

can be occurred in dynamic rescheduling environments (Vieira et al., 2003). In this 

research, we will use the predictive-reactive scheduling for handling the disruption. In 

dynamic scheduling, it does have predictive schedules. The simple approach like 

dispatching rule and pull mechanisms will be used to make decision based on current status 

of the system (Vieira et al., 2003). 

 

 Dispatching rules are used to control production without a production schedule. 

When machine becomes available, it chooses from among the jobs in its queue based on 

processing times and due dates following simple rules or complex combinations, such as 

shortest processing time (SPT), earliest due date (EDD), first come first severs (FCFS), 

schedule the job with the minimum C/T (where C is the time remaining till the expected 

completion time for a job, and T is the processing time for the job) (Vieira et al., 2003). 

 Pull mechanisms are used to control production base on customer need. The 

production system will produce only when customer order. There are many systems that 

are used for pull system such as kanban card and constant WIP (CONWIP). This system 

will allow a resource to produce only when kanban card and material are avaliable (Vieira 

et al., 2003). 



 

6 

 

In dynamic manufacturing system, the common strategy to reschedule is predictive and 

reactive scheduling (Mehta and Uzsoy, 1998). For predictive and reactive scheduling, there 

are two fundamental steps. First of all, the schedulers will create the main production 

schedule based on initial information. Then, the schedule might be revised in order to 

minimize the negative effect of disruption (Ouelhadj and Petrovic, 2009). There are three 

rescheduling policy that have been used, as part of predictive-reactive scheduling, which 

are periodic, event-driven and hybrid rescheduling policy (Vieira et al., 2003). 

 

 For periodic rescheduling policy, the information from shop floor, customer, 

suppler and also knowledge about unexpected events that can be occurred will be collected 

to create schedules at each interval. The schedule will be use and not changed until next 

period. The periodic approach will give very high stability and low nervousness compare 

to normal rescheduling, because this approach did not change a schedule until the next 

period. 

 For event-driven rescheduling policy, the schedule will be created normally. 

Schedulers will reschedule when the disruption occurred. In this method, rescheduling can 

be happen ten times or only single time. The number of rescheduling will depend on 

unexpected events and how effect of that disruption on the system performance.  

 For hybrid rescheduling policy, both periodic and event-driven rescheduling policy 

will be used in different situation. The intensive of disruption will be used to define which 

rescheduling policy will be used. Periodic rescheduling will be used to handle minor 

disruptions. Event-driven rescheduling will be used to handle major disruptions such as 

machine breakdowns, urgent jobs arrival, or job cancellation. 

 

For measures of the performance of schedules, it can be separated into three groups: 

measures of schedule efficiency, measures of schedule stability, and rescheduling cost 

(Jain and Elmaraghy, 1997). The efficiency measurements are used in process of creating a 

baseline schedule. These measurements are time-based measures like, makespan, lateness, 

tardiness, completion time (Sabuncuoglu and Karabuk, 1999). In rescheduling 

environment, stability measurements are extremely important, because schedule have to be 

updated due to disruption (Vieira et al 2003). Rescheduling cost is another measurement 

for rescheduling. There are three categories: computational costs setup costs, and 

transporting costs (Sabuncuoglu and Karabuk, 1999).  

 

2.2 Predictive-reactive scheduling method 

 

Predictive scheduling and reactive scheduling are two general methods to deal with 

uncertain events in a scheduling problem (Herroelen and Leus, 2005). Proactive scheduling 

constructs a predictive schedule that considering for statistical information of uncertainty. 

The predictive schedule is more robust because of the information of uncertainty. Reactive 

scheduling involves re-optimizing a schedule when a disruption occurs (Vonder et al., 

2007). In predictive-reactive scheduling, schedulers create an initial predictive schedule, 

based on information from the shop floor and production efficiency objective in the shop 

flow. Following a schedule disruption, the predictive schedule may need to be adjusted. 

Under the predictive–reactive scheduling paradigm, the emphasis is on measuring the 

performance of shop floor, not focusing on the predictive schedule that matches the actual 

shop floor conditions (Yang and Geunes, 2007). 

 

As mentioned before that predictive-reactive scheduling has two basic steps. First step is 

generating the predictive baseline schedule. There are several ways to create the baseline 
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schedule.  Sabuncuoglu and Karabuk (1999), created the initial schedule by using genetic 

algorithms. In genetic algorithms, it will create generation one by one. For each generation, 

it will contain the objective for each schedule that has been separate into each generation. 

The schedule will be created by assigning the work load onto the resource according to the 

problem by the algorithms. The algorithm will create the schedule in each generation, save 

the best schedule in each generation and remove the other schedules. Demeulemeester and 

Herroelen (1992) applied the branch and bound algorithm to yield the minimum duration 

baseline schedule. Vonder et al., (2007) developed suboptimal resource flow dependent 

float factor (RFDFF) heuristic, using the total weighted expected deviation between 

starting time of planned and realized activity for creating baseline scheduling. Vonder et 

al., (2007) implemented the late start time (LST) priority rule using a simple serial 

scheduling model. The task will be included in the list of feasible schedule that are 

important in the order of their important routes depending on the last allowed start time to 

generate predictive schedule. 

 

In second step, there are also various methods to handle the disruptions. Jain and 

Elmaraghy (1997) create the four simulation logics to handle the four different disruptions 

which are machine breakdown, increased priority, rush order arrival, and order 

cancellation. They consider three objectives in this study which are mean flow time, mean 

tardiness, and utilization Akkan (2015) studied the rescheduling for new operation 

insertion by adopting four heuristics based on fundamentally different approaches: Slide 

heuristic (SLIDE), Reinsertion heuristic (REINS), Construction heuristic (CNSTR), and 

Branch-and-bound guided local search (BBGLS) methods. He compared four methods by 

using tardiness to find which one is the best for this situation. Nie et al. (2013) considered 

an approach based on gene expression programming (GEP) to create capable scheduling 

rules (SRs) for dynamic job shop scheduling problem (DJSSP). The scheduling rules that 

have been constructed by GEP are used to create schedule after disruption occurred. Then, 

this schedule will be compared with the schedule that has been constructed by GP with 

respect to various performance measures. 

The predictive reactive scheduling method can be used in various manufacturing 

industries. For instant Tang and Wnag (2008), proposed a matching-up model which 

objective is to minimize the negative effect on the original schedule and maintain the 
efficiency well to cope with unexpected events, such as the production of coatings in the 

steel industry, using predictive reactive scheduling methods. (Cowling et al. (2003) used 

both tabu search and heuristic approaches to create a new model for robust predictive and 

reactive scheduling continuous casting of steel. Suh et al. (1998) evaluated several 

purchase strategies to respond to the constraints of hot rolled steel production in the steel 

industry. 

 

All types of manufacturing system can use predictive reactive scheduling to handle the 

negative effect of disruption. Akkan (2015) studied scheduling disruption that urgent task 

have been inserted into main predictive schedule on single machine by using reactive 

scheduling, that make schedule is stable and also have high efficiency. Rahmani and 

Heydari (2014) proposed a new approach that is a proactive-reactive method. Their method 

has two primary steps, which aim to obtain stable and robust schedule under the situation 

that processing time are uncertainty and unexpected urgent jobs can be arrivals. In the first 

step of this approach, robust optimization has been used to create the robust schedule with 

considering uncertain processing times. The second step is needed when unexpected events 

occurred. This step is reactive approach that will decide base on original objective of 

scheduling and various measurements. Sabuncuoglu and Karabuk (1999) considered the 
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scheduling and rescheduling problem in a multi-resource FMS (Flexible manufacturing 

system) environment. They proposed the reactive scheduling policies to address the 

negative effects of machine breakdowns and uncertain processing time. Nie et al. (2013) 

studied the dynamic job shop schedule problem by considering the release time of job. 

They proposed the scheduling technique which is a heuristic base on priority scheduling in 

which determines the next state of the system depends on the priority value of certain 

system components. 

 

2.3 Rush order arrival disruption 
 

One of the most unavoidable scheduling disruption is rush order arrival disruption. This 

disruption is unavoidable because it depends on the customer order which manufacturer 

cannot control. The rush order arrival has been studied in many research works in recent 

years. Akkan (2015) investigated a hybrid branch-and bound and local-search algorithm to 

develop the stability of robustness of scheduling with no degradation in Tmax after 

disruption. Their branch and bound algorithm is used to minimize Tmax. The local search 

algorithm will be used to maintain stability. Nie et al. (2013) proposed an algorithm to 

handle job arrival. They used the scheduling technique which determines the order of jobs 

based on priority value of each jobs. They proposed a method based on gene expression 

programing (GEP) to automatically construct scheduling rules (SRs). Gene expression 

programing (GEP) is a method to create computer programs to regenerate schedule based 

on standpoint of development. Gene expression programing scheduling rules constrain 

(GEPSRC) integration of learning modules with simulation modules for scheduling 

problems under study. The performance of schedule will be evaluated by the simulation 

module and Gene expression programing (GEP) will be used as the learning module. The 

simulation module works as a performance evaluator and the learning module uses Gene 

expression programing (GEP) is a reasoning mechanism for developing scheduling rules 

(SRs) based on the evaluation results returned from the simulation module. Jain and 

Elmaraghy (1997), dealt with rush order disruption by using the simulation. They proposed 

the use of what-if logic to handle this problem. Rahmani and Heydari (2014), handled the 

new arrival task by using the mathematic model for maximize scheduling effectiveness, 

robustness, and stability. When considering urgent new task, they proposed method adopts 

the reaction action to create the sequence in the initial order. The sequence of all previous 

jobs will be completely same, if the new job is order at the end of schedule. In order hand, 

if the new job is order in other position, the schedule has to be revised. 

 

Moratori et al. (2012) used match-up approaches to handle job arrivals disruption. The 

matching algorithm works by calculating the scheduling horizon, setting a new schedule 

within the new jobs. Genetic Algorithm (GA) is used to include all jobs within the newly 

defined time frame, including new tasks, will define new scheduling problems. Finally, the 

new partial schedule is included into the main schedule. The matching method considers 

only one part of schedule to reschedule which maintain good stability of schedule. On the 

other hand, efficiency of schedule will be considered by GA. Yang and Lua (2018) 

considered the rescheduling problem in flow shop manufacturing system that has two 

machines in system with the arrival of new jobs, in which the planned schedule has been 

given in advance. In this study, they examined two special models and a general model. In 

the first special model, the stating time deviation will be consider as the constraints. In the 

second special model, the time deviation appears as the part of the cost objective. 
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2.4 Job shop rescheduling 

 

The rush order arrival disruption event often occurs in the job shop manufacturing due to 

the fact that job shop manufacturing is commonly used by original equipment 

manufacturer (OEM). Thus, it is interesting to create algorithm to handle rush order arrival 

for job shop manufacturing. In recently years, there are many papers that studied the 

rescheduling problem for job shop manufacturing. Moratori et al. (2010) considered 

rescheduling problem of job shop manufacturing with urgent jobs arrival.  The proposed a 

new rescheduling method that will maintain reasonable performance. In the same time, 

stability of schedule will also be considered in their method, because this rescheduling 

method will create new schedule as few changes as possible. Their method is match-up 

strategies which revise only some partial of schedule in order to include the new jobs. The 

match-up algorithm has three main phases. In the first phase, the main schedule will be 

separate into partial schedules. In second phase, the arrival jobs will be incorporated to all 

partial schedules. In third phase, all new partial schedules will be integrated into main 

schedule. All main updated schedules will be determined efficiency performance and 

stability to see which one give the best solution  

 

Nie et al. (2013), considered the dynamic job shop scheduling problem (DJSSP) with 

release time of jobs by adopting the reactive scheduling approach. They used decompose 

method to decompose the scheduling problem into partial problems. Each partial problem 

is single machine scheduling problem that consider release time of jobs. They create 

scheduling methods by adopting heuristic rules. Their method will determine the order of 

the jobs in system based on the priority of each jobs in the system.  Each job will be 

prioritized by scheduling rules (SRs). Tao and Xu-ping (2018) used the tabu search 

algorithm to solve the disruption problem for job shop scheduling. They consider multi 

objective problem in job shop scheduling. They handle it by using multi objective 

programming. A multi-objective optimization model for job-shop scheduling was 

established through multi-objective programming. At the same time, the concept of gradual 

optimization for the goal in order to achieve the pattern of shop scheduling with minimal 

interference. 

 

Masruroh and Poh (2007) proposed a Bayesian Network (BN) model to evaluate the 

condition on shop floor. BN facilitates interactions between schedules and uncertainty of 

shop flow in all systems. This approach combined discrete-event and periodic rescheduling 

policy. The baseline schedules are developed by considering the uncertainty that occured in 

the past; however, the modification of schedule is necessary due to intent disruption. The 

scoring method is proposed to determine conditional probability for opportunity nodes. 

Abumaizar and Svestka (1997) presented rescheduling algorithm considering job shop 

manufacturing; namely the ‘Affected Operations Rescheduling Algorithm’, which 

determines schedule, by considering direct and indirect effect of disruption. Affected 

Operations Rescheduling is a heuristic rescheduling method. This method will consider 

makespan and the stability, thus the schedule will effective and stable. 

 

Raheja and Subramaniam (2002) reviewed research about reactive rescheduling of job 

shop. They had proposed a unified methodology, AutoSHARP, which is aimed at resolving 

the deficiencies in the existing approaches. However, another dimensions that have not 

been investigated in this research is considering both stability and performance 

measurement of schedule. However, Hao and Lin (2010) designed new algorithm to handle 

multi objective rescheduling problem job shop manufacturing. They consider two 
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disruptions which is new job arrivals and machine breakdowns. This method can 

effectively maintain the priorities of each task based on past events. Thus, this approach 

can give both good performance and good stability. Li et al. (2017) studied on flexible job 

shop scheduling problems in a currently manufacturing system that presents different 

disruptions can be occurred. They created the mathematic model that uses a new 

scheduling strategy. In their new strategy, there are three scheduling types which are 

reassembling scheduling, intersecting scheduling and inserting scheduling. These three 

types of scheduling will be used to handle different disruption. In their model, 

minimization of makespan will be used as the objective function. 
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CHAPTER 3 

MATHEMATICAL MODEL DEVELOPMENT 

 

3.1 Input notations and assumptions for baseline scheduling in single machine 

 

In this chapter, we will derive the mathematical model of the problem based on the 

following assumptions. First of all, we will create a planned schedule by using weighted 

shortest processing time (SPT) and weighted earliest due date (EDD) rules. However, we 

consider these two rules carefully. We can say that weighted shortest processing time rule 

is trying to minimize total weighted completion time and weighted earliest due date rule is 

trying to minimize weighted tardiness. Thus, we create optimization model for the planned 

schedule with two objectives which are minimize total weighted completion time and 

minimize total weighted tardiness. We consider the processing time to be deterministic. In 

this study, we will consider a job shop manufacturing system. However, we will develop 

model for single machine first, because of following reasons; first, it is easier to start with 

single machine; second, single machine model is the base of all manufacturing scheduling 

systems including job shop scheduling. 

 

In the process of creating the planned schedule, first of all we need to know number of 

tasks N. Next, we must know the processing time of task j, i.e.,   . Then we need to know 

which task is more important. Thus, we will assign    as the weight of task j. For task j, 

there exists a due date   . The due dates are come from customers; moreover, in customer 

point of view, different tasks have different important levels. So, we will assign     as the 

weight of task j from customer viewpoint. In this model, we also consider the ready time of 

task j, i.e.,   . Moreover, we also consider the precedence constraint which we will denote 

it to be    . To illustrate a precedence constraint     let see the example in figure 3.1. 

 

 
Figure 3.1 The precedence graph of tasks 

 

Denote      {
                                          

            
} 

 

Thus     of the precedence graph from the above figure can be presented in the following 

matrix.  
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                   ]

 
 
 
 
 
 

 

Figure 3.2 Matrix of the precedence graph in figure 3.1 

The notations bellow will be used in this model. 

 

  = number of tasks in baseline schedule. 

   = processing time of task j, j = 1… N. 

   = weight from production viewpoint of task j, j = 1… N. 

   = due date given by customer for task j, j = 1… N. 

    = weight from customer viewpoint of task j, j = 1… N. 

   = ready time of task j, j = 1… N. 

    = precedence constraint of task j, i, j = 1… N. 

 

3.2 Baseline scheduling model  

 

In this model, we consider release time and precedence constraint. However, at first we 

will relax these two constraints in order to create the model easily and also we can easily 

check the trend of the model, whether it is correct or not. 

 

3.2.1 Baseline scheduling model by relaxing release time and precedence constraint 

 

In this model, we relax release time and precedence constraint. The input parameters are as 

follows. 

 

  = number of tasks in baseline schedule. 

   = processing time of task j, j = 1… N. 

   = weight from production viewpoint of task j, j = 1… N. 

   = due date given by customer for task j, j = 1… N. 

    = weight from customer viewpoint of task j, j = 1… N. 

 

In our model, we need to know the sequence of task j. Thus, our decision variable will be 

    which is used to decide whether task i should be done before task j or not. In another 

word, we can define     as follows. 

      {
                                                 

           
}  (i ,j =1 …, N, i ≠j)  

  

In this model, we will have two objective functions. The first one is minimizing total 

weighted tardiness and the second one is minimizing total weighted completion time. Thus, 

we have to derive the functions of completion time and tardiness. 
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 The completion time of task j = processing time of task j + sum of processing times 

of tasks that have been done before task j.  

   ∑                (i, j =1 …, N)    (3.1) 

 

 The first objective function is the sum of weighted completion times. 

Minimize ∑ (     )     (j =1 …, N)    (3.2) 

 

 The tardiness of task j = completion time of task j – due date of task j. However, 

tardiness considers only when the tasks have been done late. 

       (       )   (j =1 …, N)    (3.3) 

 

 The second objective function is the sum of weighted completion times. 

Minimize (∑         )   (j =1 …, N)    (3.4) 
 

Moreover, we need to add some constraints in order to make sure that the solution is 

feasible and correct.  

 

 We have to make sure that either task    or task    have to be done first. Thus, we 

must have the constraint. 

                 (i, j =1… N, i   j)   (3.5) 

 

 We have to make sure that the decision variable matrix     is not a cyclic matrix. 

The cyclic matrix means that we have the same task allocated at different points in 

time. This may happen when we have more than two tasks. Thus, we need the 

constraint. 

                    (i, j, k =1 …, N, i   j, i        )  (3.6) 

 

 Related to completion time, we can express    ∑            to be the 

completion time of tasks j. In order to prevent redundancy, we have to add the 

constraint. 

           (i =1 …, N)    (3.7) 
 

In conclusion, our objective model will be as follows. 

 

Decision variable      {
                                                 

           
} 

(i =1 …, N) 

 

   ∑                (i, j =1… N) 

         (       )    (j =1 …, N) 

 

Objective functions   Minimize ∑ (     )    (i =1 …, N) 

Minimize ∑ (       )   (i =1 …, N) 

 

Subject to                    (i, j =1… N, i   j) 

                       (i, j, k =1 …, N, i   j, 

i        )   

              (i =1 …, N) 
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In summary, the outputs of our model are  

 First objective value, which is total weighted completion time. 

 Second objective value, which is total weighted tardiness. 

 Completion time of task j, i.e.,   . 

 Tardiness of task j, i.e.,    . 

 Decision variable     which show the order of task. However, looking at     in the 

matrix is difficult to know the order. Thus, the order of the task will be determined 

as. 

     ∑           (i, j =1… N, i   j)  (3.8) 

 

3.2.2 Baseline scheduling model by adding release time and precedence constraint 
 

In this model, we add release time and precedence constraints. Thus, we will have input 

parameters as follows. 
 

  = number of tasks in baseline schedule. 

   = processing time of task j, j = 1… N. 

   = weight from production viewpoint of task j, j = 1… N. 

   = due date given by customer for task j, j = 1… N. 

    = weight from customer viewpoint of task j, j = 1… N. 

   = ready time of task j, j = 1… N. 

    = precedence constraint of task j, i, j = 1… N. 

 

In this optimization model, release time and precedence constraints will be added to the 

model. Thus, there will be two decision variables in this model which are     and starting 

time   . 

 

 The starting time of task j, or    can be determined as the maximum between the 

completion time of the tasks before task j and release time of task j.  

      (       ([     ]     ))    (i, j =1… N, i   j)  (3.9) 

 

 The completion time of task j will be the starting time of task j plus processing time 

of task j. 

              (i, j =1… N)   (3.10) 

 

 Another constraint should be considered in which the decision variable     have to 

be greater than     in order to satisfy the precedence constraint.  

             (i, j =1… N, i   j)  (3.11) 

 

In conclusion, our model will be as follows. 

 

Decision variables:  

     {
                                                 

           
}   (i, j =1 …, N) 

      (       [     ]     )     (j =1 …, N) 
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              (j =1 … N) 

         (       )    (j =1 … N) 

 

Objective function   Minimize ∑ (     )    (j =1 … N) 

Minimize ∑ (       )   (j =1 … N) 

 

Subject to                    (i, j =1… N, i   j) 

                      (i, j, k =1 …, N, i   j, 

i       )   

             (i =1 … N) 

               (i, j =1… N, i   j) 

        (       [     ]     )   (i, j =1… N, i   j) 

 

In summary, the outputs of our model are 

 First objective value, which is total weighted completion time. 

 Second objective value, which is total weighted tardiness. 

 Starting time of task j, i.e.,    . 

 Completion time of task j, i.e.,   . 

 Tardiness of task j, i.e.,    . 

 Order of task j on schedule, i.e.,    

 

3.3 Input notations and assumptions for urgent task rescheduling in single machine 

 

In this chapter, we will derive the mathematical model of the problem based on the 

following assumptions. After we run the baseline scheduling model in section 3.2, we will 

get the baseline schedule which will be used as input in this model. For outputs of baseline 

schedule, we have to use starting time of task j, i.e.,   , completion time of task j, i.e.,   , 

and the order of task j, i.e.,    to be inputs for urgent tasks rescheduling model. 

 

So, in urgent tasks rescheduling model, first of all we need to have input parameters from 

baseline scheduling model as follows. 
 

  = number of tasks in baseline schedule. 

   = processing time of task j, j = 1… N. 

   = weight from production viewpoint of task j, j = 1… N. 

   = due date given by customer for task j, j = 1… N. 

    = weight from customer viewpoint of task j, j = 1… N. 

   = ready time of task j, j = 1… N. 

    = precedence constraint of task j, i, j = 1… N. 

 

Moreover, we need to use the outputs form baseline schedule which are. 

 

  = starting time of task j in baseline schedule, j = 1… N. 

  = completion time of task j in baseline schedule, j = 1… N. 

  = order of task j in baseline schedule, j = 1… N. 
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In the process of rescheduling, first of all we need to know number of urgent tasks K. Next, 

we must know the processing time of urgent task j,   . Then we need to know which task is 

more important. Thus, we will assign    which is the weight of urgent task j. For a task j, 

there exists a due date   . The due dates are come from customers; moreover, in customer 

viewpoint, different tasks have different important level. So, we will assign     as the 

weight of urgent task j from customer viewpoint, which is normally high, because this is 

the urgent task. In addition, we also assume that there is no precedence constraint for 

urgent task. Moreover, we also have to consider the point in time that urgent tasks come, 

which is  , and also the maximum length of the planning period which is   . 
 

The notations bellow will be used in urgent tasks rescheduling model in this research. 

 

  = number of urgent tasks. 

   = processing time of urgent task j, j = N+1… N+K. 

   = weight from production viewpoint of urgent task j, j = N+1… N+K. 

   = due date given by customer for urgent task j, j = N+1… N+K. 

    = weight from customer viewpoint of urgent task j, j = N+1… N+K. 

   = ready time of urgent task j, j = N+1… N+K. 

    = precedence constraint of urgent task j, i, j = N+1… N+K. 

  = the point in time that urgent tasks come which is fixed. 

   = maximum length of planning period. 

 

3.4 Urgent task rescheduling model for single machine 

 

There are three decision variables in this rescheduling model. The first decision variable is 

     which is used to decide whether task i should done before task j or not in the new 

schedule. The second one is     or starting time in new schedule of task j which is used to 

decide when task j should start. The last decision variable is    which is used to decide 

whether an urgent task j should be included in the new schedule or not. All decision 

variables are expressed as below.  

(i ,j =1 …, N, i ≠j, l =1…, H) 

 

 

      {
                                                                     

           
}   

(i, j = 1…N+K) 

 

   {

                                                                       
                                                         

                                 
}  

(i, j = 1…N) 

 

   {
                                                  

                                                        
}     

(j = N+1…N+K) 
 
    {                                           } (i, j = 1…N+K) 
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 The starting time of task j, which is   , will be the maximum between the 

completion time of the tasks before task j and release time. This expression looks 

somewhat similar to the previous expression; however, there are minor differences 

as expressed below. 

       (  
      ([      

 ]     ))      (i, j =1… N+K, i   j)   (3.12) 

 

The obvious different is   . We multiply    to the equation, because    is the decision 

variable to decide that task j should be included in the new schedule or not. If task j is not 

included in the new schedule     , thus the starting time will also be 0. Another different 

is   
 . 

 

 The new processing time will be the original processing time multiplied by   . 

  
                              (j =1… N+K)    (3.13) 

 

We multiply    to the original processing time, because    is the decision variable to decide 

that task j should be included in the new schedule or not. If task j is not included in the new 

schedule     , thus the actually process time will also be 0. The last different is   
 . 

 

 The new ready time will be the maximum between the original ready time and the 

earliest start time. 

  
      (      )     (j =1… N+K)    (3.14) 

 

We have to express the new ready time in the above expression, because there are 

completion time of tasks which have been done or being done before the urgent tasks 

come, which is the earliest start time of urgent task or    . 

 

 The earliest start time of urgent tasks can be defined as. 

          (    )    (j =1… N)    (3.15) 

 

In this part, we consider rescheduling problem with no preemption. Moreover, we set 

     for the tasks in baseline schedule that have already done or being done and      

for the tasks in baseline schedule that are not done yet in baseline schedule. Next, the 

expression of completion time in the new schedule will be derived. 

 

 The completion time of task j in the new schedule will be the starting time in the 

new schedule adds the new processing time. 

          
      (j =1… N+K)    (3.16) 

 

 The function of new tardiness for task j in the new schedule will be determined as 

        ((      )    )   (j =1… N+K)    (3.17) 

 

In this rescheduling model, we will consider three objective functions which are maximize 

the number of urgent tasks which can be included in the planning period, minimize total 

weighted tardiness, and minimize total weighted completion time. The expression for these 

three objectives will be expressed as follows. 
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 The first objective is to maximize the number of urgent tasks which is the sum of    

with j = 1,…, N+K. We can consider all value of j, because the value    for the 

tasks in baseline schedule is fixed. 

Maximize ∑         (j =1… N+K)   (3.18) 

 

 The second objective is to minimize total weighted tardiness. 

Minimize ∑ (        )     (j =1… N+K)   (3.19) 

 

 The third objective is to minimize total weighted completion time. 

Minimize ∑ (      )      (j =1… N+K)   (3.20) 

 

Next part will be the constraints of the model which will be somewhat similar to the 

baseline scheduling model. However, we introduce some new constraints in this model in 

order to make the model realistic. 

 

 The first new constraint is used to identify which task in baseline schedule is 

already done or being done when the urgent tasks arrive. For these tasks, we will 

not consider in new schedule because they were already done. 

If,          then         (j =1… N)   (3.21) 

 

 Another constraint is used to identify which task in baseline schedule is not done 

yet when the urgent tasks arrive. These tasks are not done yet when we do 

rescheduling. However, we have to perform these tasks in new schedule, because 

these tasks are in baseline schedule. 

If,        then        (j =1… N)   (3.22) 

 

 Another constraint is about the maximum length of the planning period. The 

maximum completion time of tasks j, j = 1…N+K has to be less than or equal to the 

maximum length of planning period. 

                 (j =1… N+K)   (3.23)  

In conclusion, our model will be as follows. 

 

Decision variables  

      {
                                                                 

           
}   

         (j =1… N+K)  

   {

                                                                  
                                                    

                                  
} 

         (j =1… N) 

   {
                                              

                                                    
}  (j =N+1… N+K) 

       (  
      [      

 ]     )*      (i, j =1… N+K) 

 

  
                               (j =1… N+K)    

  
      (      )        (j =1… N+K) 

           (    )     (j =1… N) 

           
       (j =1… N+K)  
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         ((      )    )    (j =1… N+K) 

 

Objective function   Maximize ∑       (j =1… N+K) 

Minimize ∑ (      )   (j =1… N+K) 

Minimize ∑ (        )   (j =1… N+K) 

 

Subject to                    (i, j =1… N+K, i   j) 

                      (i, j, k =1 …, N+K, i   

j, i        )  
             (i =1 …, N+K) 

               (i, j =1… N+K, i   j) 

         (  
      [      

 ]     )*    (i, j =1… N+K, i   j) 

If,          all         (j =1… N) 

If,        all        (j =1… N) 

        ((      )  ) *     (j =1… N+K) 

                   (j =1… N+K) 

 

In summary, the outputs from our model will be. 

 First objective value in the new schedule, which is total number of tasks. 

 Second objective value in the new schedule, which is total weighted completion 

time. 

 Third objective value in new schedule, which is total weighted tardiness. 

 Starting time of task j in new schedule which is     . 

 Completion time of task j in new schedule which is    . 

 Tardiness of task j in new schedule which is     . 

 Order of task j on new schedule which is     

 

It is noted that if     [   ]  ∑       is used to determine the order in the new 

schedule, it will lead to misunderstanding of the order, because we include the tasks that 

are not considered in the new schedule. Thus, we have to modify the above expression to 

find the correct order which we will denote as     or real order in the new schedule. 

 

    {
      ∑                                                

 

                                                
}  For j=1…N+K. 

 The expression of     can be derived as follows. 

    *    ∑ (    )
   

   
+       (j =1… N+K)   (3.24) 

 

Another output that we need to measure is the stability of the schedule. In this model, we 

will use the differences of starting time to calculate the stability 

 

 We denote     to be the deviation of starting time of task j which we can calculate 

by finding the deviation of starting time in baseline schedule and starting time in 

new schedule.  

    |      |         (j =1… N)   (3.26) 
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           (j =N+1… N+K)  (3.27) 

                 ∑         (j =1… N+K)   (3.28) 

 

We want to have low deviation as much as possible, because we don’t want to destroy the 

baseline schedule that we already plan in advance. Moreover, we will not consider the 

deviation for the urgent tasks, because it is new task which don’t have starting time in 

baseline schedule. 

 

3.5 Input notations and assumptions for baseline scheduling in job shop 

 

In this chapter, we will derive the mathematical model of the problem based on the 

following assumptions. First of all, we will create a planned schedule by using weighted 

shortest processing time (SPT) and weighted earliest due date (EDD) rules. However, we 

consider these two rules carefully. We can say that weighted shortest processing time rule 

is trying to minimize total weighted completion time and weighted earliest due date rule is 

trying to minimize weighted tardiness. Thus, we create optimization model for the planned 

schedule with two objectives which are minimizing total weighted completion time and 

minimizing total weighted tardiness. We consider the processing time to be deterministic. 

In this study, we will consider a job shop manufacturing system.  

 

In the process of creating the planned schedule in job shop, first of all we need to know 

number of tasks N and we also need to know number of machine in job shop H. Next, we 

must know the processing time of task j on machine l, i.e.,    . Note that, if task j does not 

require to produce on machine l then     will be zero. After that, we need to know which 

task is more important. Thus, we will assign    as the weight of task j in producer point of 

view. For every task j that customer orders, there exists a due date   . In customer point of 

view, different tasks have different important levels. So, we will assign     as the weight 

of task j from customer viewpoint. Moreover, in the job shop manufacturing, different 

tasks have different routes and the route of task j on machine l is presented by    . To 

illustrate the route of a task j on machine l, let see the example in figure 3.3. 

 

 
Figure 3.3 The route of task j on machine l  

 

Denote     

{
  
 

  
 

                                                           
                                                             
                                                            

 
 
 

                                                      }
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Thus     of figure 3.3 can be presented in the following matrix.  

 

  [

       
       
       
       

] 

Figure 3.4 Matrix of the route of task j on machine l 

In addition, we need to know the machine used for each task j in order to identify in the 

model which can be illustrated by  

Denote      {
                                            

                                                      
} 

 

Thus      of figure 3.5 can be presented in the following matrix.  

 

  [

       
       
       
       

] 

Figure 3.5 Matrix of the machine used for task j on machine l 

The notations bellow will be used in this model. 

 

  = number of tasks in baseline schedule. 

  = number of machines in job shop manufacturing. 

    = processing time of task j on machine l, j = 1… N, l = 1…H 

   = weight from production viewpoint of task j, j = 1… N. 

   = due date given by customer for task j, j = 1… N. 

    = weight from customer viewpoint of task j, j = 1… N. 

    = the route of task j on machine l, j = 1… N, l = 1…H. 

     = the machine use of task j on machine l, j = 1… N, l = 1…H. 

 

3.6 Baseline scheduling model in job shop manufacturing 

 

In our model, we need to know the sequence of task j on machine l. Thus, our decision 

variable will be      which is used to decide whether task i should done before task j or not 

on each machine l. In another word, we can define      as follows. 

     ,
                                                   

           
-  

(i ,j =1 …, N, i ≠j, l =1…, H) 

Another decision variable in this model is starting time of task j on machine l. We need this 

decision variable because it helps us to identify task j needs to be processed on which 

machine. 

    : be the starting time of task j on machine l.  (j =1 …, N, l =1…, H) 
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Starting time of task j on machine l will be the maximum between completion time of tasks 

before task j on machine l and completion time of task j on machine before machine l. 
In this model, we will have two objective functions. The first one is minimizing total 

weighted tardiness and the second one is minimizing total weighted completion time. Thus, 

we have to derive the functions of completion time and tardiness. 

 

 The completion time of task j will be the maximum of starting time of task j on 

machine l + processing time of task j on machine l. 

       (       )      (j =1 …, N, l = 1 …, H) (3.29) 

 

 The first objective function is the sum of weighted completion times. 

Minimize ∑ (     )      (j =1 …, N)   (3.30) 

 

 The tardiness of task j will be completion time of task j – due date of task j. 

However, tardiness considers only when the tasks have been done late. 

       (       )    (j =1 …, N)   (3.31) 

 

 The second objective function is the sum of weighted tardiness. 

Minimize (∑         )    (j =1 …, N)   (3.32) 
 

Next, the starting time will be explained. In the starting time expression, we need to 

identify order of task j on different machines l.  

 

 First case of starting time is when      . In another word, we don’t use machine l 

to produce task j. Then the starting time of task j on machine l will be zero. 

If,        then          (j =1… N, l = 1… H)  (3.33) 

 

 Second case of starting time is when      . In another word, we have to use 

machine l to process task j. Then the starting time of task j on machine l will be the 

maximum between completion time of tasks before task j on machine l and 

completion time of task j on machine before machine l. 

If,        then         (         ) (j =1… N, l = 1… H)  (3.34) 

 

As you can see from equation 3.34, we introduce new two variables which are completion 

time of tasks before task j on machine l and completion time of task j on machine before 

machine l. 

 

 The completion time of tasks before task j on machine l will be denote as     . This 

variable can be derived as in equation 3.35. 

         (              )    (i, j =1… N, i ≠ j, l = 1… H) (3.35) 

 

 The completion time of task j on machine before machine l will be denote as     . 

This variable will be derived as in equation 3.34. 

         .(       )  (
               

               
)/  (j =1… N, l, m = 1… H, l ≠ m) (3.36) 
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The value (
               

               
) is use to identified if task j is processed in machine l or machine 

m first. So, expression 3.36 will help us to determine completion time of task j on machine 

before machine l. 

 

Moreover, we need to add some constraints in order to make sure that the solution is 

feasible and correct.  

 

 We have to make sure that either task   or   has to be done first on machine l. Thus, 

we must have the constraint as equation 3.37. 

                     (         )      (i, j =1… N, i   j, l = 1…H)  (3.37) 

 

According to constraint 3.37, this constraint will make solution         having some 

confusion to the definition of decision variable. For instance, the value of      and      be 

0 and 1 respectively. Thus, this situation will make value of       and         be 0 and 1 

respectively. However, the meaning of this solution is not mean that task j on machine l 

will be schedule before task i because task i don’t need to be done on machine l. Another 

situation is when both      and      is equal to 0, which will make values of       and equal 

to 0. This situation means both tasks i and j don’t need to be processed on machine l. 

 

 We have to make sure that the decision variable matrix      is not a cyclic matrix. 

The cyclic matrix means that we have the same task allocated at different points in 

time. This may happen when we have more than two tasks. Thus, we need the 

constraint. 

                        (              )     (i, j, k =1 …, N, i   j, i  

     , l = 1…H)          (3.38) 
 

 In order to prevent redundancy, we have to add the constraint. 

              (i =1 …, N, l = 1…H) (3.39) 
 

In conclusion, our objective model will be as following. 

 

Decision variable 

     ,
                                                   

           
-  

(i ,j =1 …, N, i ≠j, l =1…, H) 

    : be the starting time of task j on machine l.   (j =1 …, N, l =1…, H) 

       (       )      (j =1 …, N, l = 1 …, H) 

        (       )    (j =1 …, N) 

         (              )    (i, j =1… N, i ≠ j, l = 1… H) 

         .(       )  (
               

               
)/  (j =1… N, l, m = 1… H, l ≠ m) 

 

Objective functions   Minimize ∑ (     )   (i =1 …, N) 

Minimize ∑ (       )  (i =1 …, N) 
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Subject to   

 

                     (         )       (i, j =1… N, i   j, l = 1…H)  

                        (              )     (i, j, k =1…, N, i   j, i      

 , l = 1…H)  

              (i =1…, N, l = 1…H)  

If       then            (i =1…, N, l = 1…H) 

If         then         (             )   (i =1…, N, l = 1…H) 

         (              )    (i, j =1… N, i   j, l = 1…H) 

         .(       )  (
               

               
)/   (j =1… N, l, m = 1… H, l ≠ m) 

 

In summary, the outputs of our model are  

 First objective value, which is total weighted completion time. 

 Second objective value, which is total weighted tardiness. 

 Completion time of task j, i.e.,   . 

 Tardiness of task j, i.e.,    . 

 Order of task j on machine l. 

 

3.7 Input notations and assumptions for urgent task rescheduling in job shop 

 

In this chapter, we will derive the mathematical model of the problem based on the 

following assumptions. After we run the baseline scheduling model for job shop in section 

3.4, we will get the baseline schedule which will be used as input in this model. For 

outputs of baseline schedule, we have to use starting time of task j which is    and 

completion time of task j which is    for urgent tasks rescheduling model. 

 

The notations bellow will be used in this model. 

 

  = number of tasks in baseline schedule. 

  = number of machines in job shop manufacturing. 

    = processing time of task j on machine l, j = 1… N, l = 1…H 

   = weight from production viewpoint of task j, j = 1… N. 

   = due date given by customer for task j, j = 1… N. 

    = weight from customer viewpoint of task j, j = 1… N. 

    = the route of task j on machine l, j = 1… N, l = 1…H. 

     = the machine use of task j on machine l, j = 1… N, l = 1…H. 

 

Moreover, we need to use the outputs form baseline schedule which are. 

 

   = starting time of task j on machine l in baseline schedule, j = 1… N. 

  = completion time of task j in baseline schedule, j = 1… N. 
 

In the process of rescheduling, first of all we need to know number of urgent tasks K and 

we also need to know number of machines in job shop which is H. Next we must know the 

processing time of urgent task j on machine l which is    . Then we need to know which 

urgent task is more important. Thus, we will assign    as the weight of urgent task j. For an 
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urgent task j, there exists a due date as   . The due dates are come from customers; 

moreover, in customer viewpoint, different tasks have different important level. So, we 

will assign     that is the weight of urgent task j from customer viewpoint, which is 

normally high, because this is the urgent task. Moreover, in the job shop manufacturing, 

different task have different route. In addition, we also have to consider the point in time 

that urgent tasks come, which is   and also the maximum length of the planning period 

which is   . 
 

The notations bellow will be used in urgent tasks rescheduling model in this research. 

 

  = number of urgent tasks. 

  = number of machines in job shop manufacturing. 

    = processing time of task j on machine l, j = N+1… N+K, l = 1…H 

   = weight from production viewpoint of task j, j = N+1… N+K. 

   = due date given by customer for task j, j = N+1… N+K. 

    = weight from customer viewpoint of task j, j = N+1… N+K. 

    = the route of task j on machine l, j = N+1… N+K, l = 1…H. 

     = the machine use of task j on machine l, j = N+1… N+K, l = 1…H. 

  = the point in time that urgent tasks come which is fixed. 

   = maximum length of planning period. 

 

3.8 Urgent task rescheduling model for job shop 

 

There are three decision variables in this rescheduling model. The first decision variable is 

      which is used to decide whether task i should be done before task j or not on machine 

l in the new schedule. The second one is      or starting time in new schedule of task j 

which is used to decide when task j should start on each machine l. The last decision 

variable is     which is used to decide whether an urgent task j on machine l should be 

included in the new schedule or not. All decision variables are expressed as below. 

 

      ,
                                                                   

           
-  

       (i ,j =1 …, N+K, i ≠j, l =1…, H) 

 

     : be the starting time of task j on machine l on new schedule.  

(j =1 …, N+K, l =1…, H) 
 

     {
                                                               

                                                                           
}  

(j =1 …, N, i ≠j, l =1…, H) 
 

     {
                                                

                                                    
}  

(j =1 …, N, i ≠j, l =1…, H) 

 

It is noted that in all machine l of urgent task j, the values     will be the same, because if 

we going to include task j then we have to process it on every machine that task j requires. 

Thus, we have to include ∑          
 
    constraint. 
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In this model, we will have two objective functions. The first objective will be maximizing 

number of tasks that can be included in new schedule. 

 

 The first objective function is total number of tasks that can be included in new 

schedule. 

Maximize (    (∑     ))   (j =1 …, N+K, l = 1 …, H)  (3.40) 

 

For second objective, we will select between total weight tardiness and total weight 

completion time.  

 

 The completion time of task j will be the maximum of starting time of task j on 

machine l + process time of task j on machine l. 

        (        
 )    (j =1 …, N+K, l = 1 …, H)  (3.41) 

 

 The first objective function is the sum of weighted completion time. 

Minimize ∑ (      )    (j =1 …, N+K)   (3.42) 

 

 The tardiness of task j will be completion time of task j – due date of task j. 

However, tardiness considers only when the tasks have been done late. 

        (        )   (j =1 …, N+K)   (3.43) 

 

 The second objective function is the sum of weighted completion time. 

Minimize (∑          )   (j =1 …, N+K)   (3.44) 

 

In the expression 3.29, we introduced new variable which is processing time of task j on 

machine l in new schedule after urgent task come or    
 . 

   
                  (j =1 …, N+K, l = 1 …, H)  (3.45) 

 

Next, the starting time will be explained. In the starting time expression, we need to 

identify order of task j on different machine l.  

 

 First case of starting time is when      . In another word, we don’t use machine l 

to produce task j. Then the starting time of task j on machine l will be zero. 

If,        then         (j =1… N+K, l = 1… H)  (3.46) 

 

 Second case of starting time is when      . In another word, we have to use 

machine l to process task j. Then the starting time of task j on machine l will be the 

maximum between completion time of tasks before task j on machine l, completion 

time of task j on machine before machine l, and ready time of task j on machine l 

after urgent tasks come. 

 

If,        then         (              )            

(j =1… N+K, l = 1… H)  (3.47) 

As you can see from equation 3.42, we introduce a new variable which is the ready time of 

task j on machine l after urgent tasks come. 

 

 The ready time of task j on machine l will be denoted as     . This variable will be 

derived as equation in 3.43. 
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        [      ]    (j =1… N+K, l = 1… H)  (3.48) 

 

For both variables      and     , there exist some difference. 

 

         (              ) *           

(i, j =1… N+K, i ≠ j, l = 1… H)  (3.49) 

         .(       )  (
               

               
)/ *          

(j =1… N+K, l, m = 1… H, l ≠ m)  (3.50) 

 

In expression 3.48, we introduce new variable which is the earliest starting time that task 

can be processed on new schedule on each machine. 

 

 The earliest starting time that task can be processed on new schedule on each 

machine which is denoted as     . This variable can be derived as in equation 3.51. 

          [(       )  (     )]  (j =1… N+K, l = 1… H)  (3.51) 

 

Moreover, we need to add some constraints in order to make sure that the solution is 

feasible and correct.  

 

 We have to make sure that either task   or   has to be done first on machine l. Thus, 

we must have the constraint as in equation 3.37. 

                     (         )    (i, j =1… N+K, i   j, l = 1…H)  (3.52) 

 

 We have to make sure that the decision variable matrix      is not a cyclic matrix. 

The cyclic matrix means that we have the same task allocated at different points in 

time. This may happen when we have more than two tasks. Thus, we need the 

constraint. 

                        (              )      

(i, j, k =1 …, N+K, i   j, i       , l = 1…H)      (3.53) 

 

 In order to prevent redundancy, we have to add the constraint. 

           (i =1 …, N+K, l = 1…H)   (3.54) 

 

Some new constraints need to be included to make sure that process on different machine 

of urgent task has to be done if we include that task. 

 

 If we going to include task j then we have to process it on ever machine that task j 

requires. 

∑    
       

  
       (j =N+1… N+K, l =1…H)  (3.55) 

 

To confirm that remaining tasks from baseline schedule will be done, we need to add 

another constraint to confirm that remaining tasks will be processed. 

 The first new constraint is used to identify which task in baseline schedule is 

already done or being done when the urgent tasks arrive. For these tasks, we will 

not consider in new schedule because they were already done. 

If            ,    then        (j =1… N, l = 1…H)   (3.56) 
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 Another constraint is used to identify which task in baseline schedule is not done 

yet when the urgent tasks arrive. These tasks are not done yet when we do 

rescheduling. However, we have to perform these tasks in new schedule, because 

these tasks are 

If          ,     then        (j =1… N, l = 1…H)   (3.57) 

 

 The last constraint is about the maximum length of the planning period. The 

maximum completion time of tasks j, j = 1…N+K have to be less than or equal to 

the maximum length of planning period. 

                (j =1… N+K)    (3.58)  

 

In conclusion, our model will be as follows. 

 

Decision variables  

      ,
                                                                   

           
- 

        (i, j =1… N+K, l = 1…H) 

   

  {
                                                               

                                                                             
} 

        (j =1… N, l = 1… H) 

     {
                                                

                                                   
}  

(j =N+1… N+K, l = 1… H) 

     : be the starting time of task j in machine l on new schedule  

(j =1… N+K, l = H) 

 

   
                     (j =1… N+K, l =1… H)  

  

        [      ]       (j =1… N+K, l =1… H) 

          [(       )  (     )]   (j =1… N, l =1… H) 

        (        
 )     (j =1… N+K, l =1… H)  

        ((      )  )     (j =1… N+K, l =1… H) 

 

Objective function    

 

Maximize (    (∑     ))     (j =1 …, N+K, l = 1 …, H) 

Minimize ∑ (      )      (j =1 …, N+K)   

Minimize (∑          )     (j =1 …, N+K) 

 

Subject to   

 

                     (         )       (i, j =1… N+K, i   j, l = 

1…H) 

                        (              )     (i, j, k =1 …, N+K, i   j, 

i       , l = 1…H) 

             (i =1 …, N+K, l = 1…H)   
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If               then          (j =1… N, l = 1…H) 

If             then          (j =1… N, l = 1…H) 

If       then             (j =1… N+K, l = 1…H) 

If        then         (              )*         (j =1… N+K, l = 1…H) 

         (               )*           (j =1… N+K, l = 1…H) 

         .(        )  (
               

               
)/ *         (j =1… N+K, l = 1…H) 

                  (j =1… N+K) 

 

In summary, the outputs from our model will be. 

 

 First objective value in the new schedule, which is total number of tasks. 

 Second objective value in the new schedule, which is total weighted completion 

time. 

 Third objective value in new schedule, which is total weighted tardiness. 

 Starting time of task j in new schedule which is     . 

 Completion time of task j in new schedule which is    . 

 Tardiness of task j in new schedule which is     . 

 

Another output that we need to measure is the stability of the schedule. In this model, we 

will use the differences of starting time to calculate the stability 

 

 We denote     to be the deviation of starting time of task j which we can calculate 

by finding the deviation of starting time in baseline schedule and starting time in 

new schedule.  

    |        |              (j =1… N, l =1… H)  (3.59) 

           (j =N+1… N+K, l =1… H) (3.60) 

                 ∑         (j =1… N+K)   (3.61) 

 

We want to have low deviation as much as possible, because we don’t want to destroy the 

baseline schedule that we already plan in advance. Moreover, we will not consider the 

deviation for the urgent tasks, because they are new tasks which don’t have starting time in 

baseline schedule. 
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CHAPTER 4 

NUMERICAL EXPERIMENTS 

 
4.1 Numerical experiments for baseline schedule 

 

In this research, CPLEX software is used to conduct numerical experiments. The 

experiments are conducted to investigate the optimal schedule when urgent tasks occur in 

job shop manufacturing system. As we mentioned before, we will consider the single 

machine model in order to be easy to understand. First of all, we will do the numerical 

experiments to create the baseline schedule. All input parameters which are              , 

           will be fixed. 

 

4.1.1 Numerical experiments for baseline schedule on single machine without      

considering release time and precedence constraint 

 

We assign values given for input parameters for example 1 as in table 4.1.  

Table 4.1 Input parameters for example 1 

Task 1 2 3 4 5 6 7 8 9 10 

   50 45 40 35 30 25 20 15 10 5 

   1 2 3 4 5 6 7 8 9 10 

   275 275 275 275 275 275 275 275 275 275 

    10 9 8 7 6 5 4 3 2 1 

In table 4.1, we assign processing time in decreasing order from 50 to 5 and also assign 

weight from customer viewpoint in decreasing order from 10 to 1. For weight from 

production viewpoint, we assign it in increasing order from 1 to 10. We run the model in 

CPLEX software and we get the solution as in table 4.2. 

Table 4.2 Solution for example 1 

Task 1 2 3 4 5 6 7 8 9 10 

Order 10 9 8 7 6 5 4 3 2 1 

Completion 

time 275 225 180 140 105 75 50 30 15 5 

Tardiness 0 0 0 0 0 0 0 0 0 0 

Total weighted 

tardiness 

0          

Total weighted 

completion 

time 

3575          

As we can see from table 4.2, the orders are form task 10 to task 1 due to the objective to 

minimize total weighted completion time. In example 1, all tasks do not have tardiness 

because we assign the values to due date so that the schedule will have no tardiness. For 

example 2, we assign value given for input parameters as in table 4.3. 
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Table 4.3 Input parameters for example 2 

Task 1 2 3 4 5 6 7 8 9 10 

   5 5 5 5 5 5 5 5 5 5 

   1 2 3 4 5 6 7 8 9 10 

   5 5 10 15 20 25 30 35 40 45 

    10 9 8 7 6 5 4 3 2 1 

 

In example 2, we assign processing time to be fixed at 5 and assign weight from customer 

viewpoint in decreasing order from 10 to 1. We assign weight from production viewpoint 

in increasing order from 1 to 10 and also due date in increasing order from 5 to 45 as in 

table 4.3. We run the model in CPLEX software and we get the solution as in table 4.4. 

Table 4.4 Solution for example 2  

Task 1 2 3 4 5 6 7 8 9 10 

Order 1 2 3 4 5 6 7 8 9 10 

Completion 

time 5 10 15 20 25 30 35 40 45 50 

Tardiness 0 5 5 5 5 5 5 5 5 5 

Total weighted 

tardiness 

225          

Total weighted 

completion 

time 

1925          

 

As we can see from the table 4.4, the orders are from task 1 to task 10 which is make sense 

due to the objective of our model is to minimize total weight tardiness. Task 1 is scheduled 

firstly; even the due date of task 1 and task 2 is the same, because weight from customer 

viewpoint of task 1 is higher than task 2. For example 3, we assign values given for input 

parameters as in table 4.5. 

Table 4.5 Input parameters for example 3 

Task 1 2 3 4 5 6 7 8 9 10 

   5 10 15 20 25 30 35 40 45 50 

   1 2 3 4 5 6 7 8 9 10 

   5 10 15 20 25 30 35 40 45 50 

    10 9 8 7 6 5 4 3 2 1 

 

In table 4.5, we assign processing time and due date in increasing order from 5 to 55 and 

also assign weight from production viewpoint in increasing order from 1 to 10. For weight 

from production viewpoint, we assign it in decreasing order from 10 to 1. We run the 

model in CPLEX software and we get the solution as in table 4.6. 
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Table 4.6 Solution for example 3 

Task 1 2 3 4 5 6 7 8 9 10 

Order 1 2 3 4 5 6 7 8 9 10 

Completion 

time 5 15 30 50 75 105 140 180 225 275 

Tardiness 0 5 15 30 50 75 105 140 180 225 

Total weighted 

tardiness 

2475          

Total weighted 

completion 

time 

8525          

As we can see from table 4.6, the orders are form task 1 to task 10 which is make sense; 

because, we assign the processing time and due date to tasks in increasing order from 5 to 

50. Moreover, we give values to input parameters so that the schedule will have tardiness 

and our objective is to minimize both total weight tardiness and total weight completion 

time. 

 

4.1.2 Numerical experiments for baseline schedule on single machine with 

considering release time and precedence constraint 

 

In this chapter, we consider release time and precedence constraints. In example 4, we 

assign input parameters as in table 4.7. 

Table 4.7 Input parameters for example 4 

Task 1 2 3 4 5 6 7 8 9 10 

   50 45 40 35 30 25 20 15 10 5 

   1 2 3 4 5 6 7 8 9 10 

   100 100 100 100 100 100 100 100 100 100 

    10 9 8 7 6 5 4 3 2 1 

   50 45 40 35 30 25 20 15 10 5 

 
In table 4.6, we assign the processing time and release time in decreasing order from 50 to 

5 and assign weight from customer viewpoint in decreasing order from 10 to 1. For weight 

from production viewpoint, we assign it in increasing order from 1 to 10. Moreover, we 

assign the precedence constraint as in Figure 4.1. 

 

 
Figure 4.1 The precedence constraint graph for example 4 
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Then, we can construct the precedence matrix as in figure 4.2. 

  

[
 
 
 
 
 
 
 
 
 
                            
                            
                            
                            
                            
                            
                            
                            
                            
                             ]

 
 
 
 
 
 
 
 
 

 

Figure 4.2 The precedence matrix for example 4 
 

Now, we have all input parameters. We run the model in CPLEX software and we get the 

solution as in table 4.8. 

 

Table 4.8 Solution for example 4 

Task 1 2 3 4 5 6 7 8 9 10 

Order 2 1 3 7 6 5 4 8 10 9 

Starting time 90 45 140 255 225 200 180 290 310 305 

Completion 

time 140 90 180 290 255 225 200 305 320 310 

Tardiness 40 0 80 190 155 125 100 205 220 210 

Total weighted 

tardiness 

5590          

Total weighted 

completion time 

11465          

As we can see from table 4.8, the order is   ={                    }. If we run the model 

without considering precedence constraint, the order will be from task 10 to task 1 because 

of the decreasing order of processing time and release time. However, we have precedence 

constraint as in figure 4.1 which make the order to be as seen in table 4.8. 

Next, we consider another example on release time and precedence constraints. In example 

5, we assign input parameters as in table 4.9. 
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Table 4.9 Input parameters for example 5 

 

Task 1 2 3 4 5 6 7 8 9 10 

   10 10 10 10 10 10 10 10 10 10 

   1 2 3 4 5 6 7 8 9 10 

   105 95 85 75 65 55 45 35 25 15 

    10 9 8 7 6 5 4 3 2 1 

   50 45 40 35 30 25 20 15 10 5 

 

In table 4.9, we assign the release time in decreasing order from 50 to 5 and assign weight 

from customer viewpoint in decreasing order from 10 to 1. We assign due date in 

decreasing order from 105 to 15. For weight from production viewpoint, we assign it in 

increasing order from 1 to 10. Moreover, we assign the precedence constraint as in Figure 

4.3. 

 
Figure 4.3 The precedence constraint graph for example 5 

Then, we can create the precedence matrix as in figure 4.4. 

 

  

[
 
 
 
 
 
 
 
 
 
                            
                            
                            
                            
                            
                            
                            
                            
                            
                             ]

 
 
 
 
 
 
 
 
 

 

Figure 4.4 The precedence matrix for example 5 

Now, we have all in put parameters. Thus, we can run the model in CPLEX software and 

we get the solution as in table 4.10. 
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Table 4.10 Solution for example 5 

Task 1 2 3 4 5 6 7 8 9 10 

Order 2 1 3 4 6 5 7 8 9 10 

Starting time 55 45 65 75 85 95 105 115 125 135 

Completion 

time 65 55 75 85 95 105 115 125 135 145 

Tardiness 0 0 0 10 30 50 70 90 110 130 

Total weighted 

tardiness 

1400          

Total weighted 

completion time 

6315          

 

As you can see from table 4.10, the order is    {                    }. If we run the 

model without considering precedence constraint, the order will be from task 10 to task 1 

because of the decreasing order of due date and release time. However, we have 

precedence constraint as in figure 4.3 which make the order to be as seen in table 4.10. 

 

4.2 Numerical experiments in term of practical situation in single machine 

 

In the practical situation, the input parameters will not be fixed like previous sections. For 

example, our input parameters will be as in table 4.11. 

 

Table 4.11 Input parameters for practical situation 1 

 

Task 1 2 3 4 5 6 7 8 9 10 

   5 9 7 15 11 12 14 10 12 6 

   4 4 3 1 4 2 3 4 4 4 

   34 94 90 47 80 93 87 97 68 38 

    4 4 3 5 2 5 5 3 3 3 

   0 37 78 22 65 74 60 21 54 55 

 

In table 4.11, the input parameters of task are different according to many reasons. Thus, 

we have completely different input parameter in practical situation. Moreover, there is 

precedence constraint in the practical situation which is presented in figure 4.5. 

 

 
Figure 4.5 The precedence constraint graph of practical situation 1 
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Then, we can create the precedence matrix as in figure 4.6. 

 

  

[
 
 
 
 
 
 
 
 
 
                            
                            
                            
                            
                            
                            
                            
                            
                            
                              ]

 
 
 
 
 
 
 
 
 

 

Figure 4.6 The precedence matrix of practical situation 1 

Now, we have all input parameters. Thus, we can run the model in CPLEX software and 

we get the solution as in table 4.12. 

Table 4.12 Solution from practical situation 1 

Task 1 2 3 4 5 6 7 8 9 10 

Order 1 3 5 2 7 4 8 6 9 10 

Starting time 0 37 86 22 103 74 114 93 128 140 

Completion 

time 5 46 93 37 114 86 128 103 140 146 

Tardiness 0 0 3 0 34 0 41 6 72 108 

Total weighted 

tardiness 

840          

Total weighted 

completion 

time 

3088          

As we can see in table 4.12, the order of practical situation 1 is    {                    }. 
We can see that there are some idle times in schedule. However, it is difficult to identify 

from the table above. Thus, we will present schedule plan as in figure 4.7. 

 

 
Figure 4.7 Predictive scheduling plan of practical situation 1 

The figure above makes it easy to see the order of the schedule and also can help identify 

idle time which is 45 unit of time. For another practical situation, we assign input 

parameters as in table 4.13. 

 

 

 

Job 1 idle time 4 2 idle time 6 3 8 5 7 9 10

Time 5 17 15 9 28 12 7 10 11 14 12 6
Completion

time 5 22 37 46 74 86 93 103 114 128 140 146
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Table 4.13 Input parameters for practical situation 2 

Task 1 2 3 4 5 6 7 8 9 10 

   7 15 9 8 5 6 7 7 6 10 

   2 4 4 4 3 4 2 2 1 5 

   74 33 87 65 51 80 81 59 74 85 

    4 3 3 2 1 2 1 4 4 4 

   0 12 62 44 45 70 54 30 80 24 

Moreover, in practical situation, we will have precedence constraint which is in figure 4.8. 

 
Figure 4.8 The precedence constraint graph of practical situation 2 

 

Then, we can create the precedence matrix as in figure 4.9. 
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Figure 4.9 The precedence matrix of practical situation 2 

 

Now, we have all input parameter. Thus, we can run the model in CPLEX software and we 

get the solution as in table 4.14. 
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Table 4.14 Solution for practical situation 2 
 

Tasks 1 2 3 4 5 6 7 8 9 10 

Order 1 2 4 3 8 5 9 6 7 10 

Starting time 0 12 62 44 90 71 95 77 84 102 

Completion 

time 7 27 71 52 95 77 102 84 90 112 

Tardiness 0 0 0 0 44 0 21 25 16 27 

Total weighted 

tardiness 

337          

Total weighted 

completion time 

2229          

 

In table 4.14, the order of this practical situation is    {                    }. We can see 

that there are idle times in schedule However, it is difficult to identify from this table 

above. Thus, we will make schedule plan as in figure 4.10. 

 

 
Figure 4.10 Predictive scheduling plan of practical situation 2 

In figure 4.10, it is easy to see the order of the schedule and we also can identify idle time 

which is 24. 

 

4.3 Numerical experiments for urgent tasks rescheduling model in single machine 

 

In this part, CPLEX software is also used to conduct numerical experiments. The 

experiments are conducted to investigate the optimal schedule when urgent tasks disruption 

occurs in job shop manufacturing system. As we mentioned before, we will consider the 

single machine model in order to be easy to understand. Before investigating the urgent 

tasks rescheduling model, we need to create the baseline schedule. All input parameter 

which are             ,                 will be fixed.  

 

4.3.1 Numerical experiments for urgent tasks rescheduling model in single machine 

without considering release time and precedence constraint 

 

At first, we will not consider release time and precedence constraints. For the first 

numerical rescheduling experiment, we will use baseline schedule from example 1 which is 

presented in table 4.15. 

 

 

 

 

 

 

 

Job 1

idle 

time 2 idle time 4 idle time 3 6 8 9 5 7 10

Time 7 5 15 10 8 10 9 6 7 6 5 7 10
Completion

time 7 12 37 44 52 62 71 77 84 90 95 102 112
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Table 4.15 The baseline schedule for rescheduling example 1  

Task 1 2 3 4 5 6 7 8 9 10 

   50 45 40 35 30 25 20 15 10 5 

   1 2 3 4 5 6 7 8 9 10 

   275 275 275 275 275 275 275 275 275 275 

    10 9 8 7 6 5 4 3 2 1 

   0 0 0 0 0 0 0 0 0 0 

Order 10 9 8 7 6 5 4 3 2 1 

Starting time 225 180 140 105 75 50 30 15 5 0 

Completion 

time 275 225 180 140 105 75 50 30 15 5 

 

For this example, we assign three urgent tasks which come at time 74 and the length of 

planning period is 380. The input parameters for urgent tasks are showed in table 4.16. 

Table 4.16 Input parameters of urgent tasks for rescheduling example 1 

Urgent Task 1 2 3 

   30 35 40 

   5 4 3 

   275 275 275 

    10 10 10 

   0 0 0 

 

For the weight from customer viewpoint, urgent tasks will be given at 10, because those 

tasks are very important to customer. Now, we have all input parameters for rescheduling. 

We can run the model in CPLEX software. At first, we assign the first objective to be 

maximizing total number of urgent tasks that can be scheduled in this planning period and 

the second objective is to minimize total weight tardiness. The solution is presented table 

4.17. 
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Table 4.17 Solution for rescheduling example 1 (objectives are maximizing total 

number of urgent tasks and minimizing total weight tardiness) 

Task & 

urgent task 

1 2 3 4 5 6 7 8 9 10 11 12 13 

   1 1 1 1 1 0 0 0 0 0 1 1 1 

    10 9 11 12 13 4 5 1 2 8 7 3 6 

    5 4 6 7 8 0 0 0 0 0 3 1 2 

Starting time 

new 225 180 275 315 350 0 0 0 0 0 150 75 110 

Completion 

time new 275 225 315 350 380 0 0 0 0 0 180 110 150 

Tardiness 0 0 40 75 105 0 0 0 0 0 0 0 0 

Starting time 

deviation 0 0 135 210 275 0 0 0 0 0 0 0 0 

Total 

weighted 

tardiness 

1475             

Total 

weighted 

completion 

time 

6760             

Deviation by 

starting time 

620             

 

As we can see from table 4.17, the order is     {                    }. The tardiness 

values of tasks 1, 2 and urgent tasks 1, 2, 3 are zero because these tasks are allocated 

before the other task due to higher weight from customer view point. Next, we will assign 

the first objective to be maximizing total number of urgent tasks that can be scheduled in 

this planning period and the second objective is to minimize total weight completion time. 

The solution is presented in table 4.18. 
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Table 4.18 Solution for rescheduling example 1 (objectives are maximizing total 

number of urgent tasks and minimizing total weight completion time) 

Task & urgent 

task 

1 2 3 4 5 6 7 8 9 10 11 12 13 

   1 1 1 1 1 0 0 0 0 0 1 1 1 

    13 12 11 8 7 5 3 6 2 1 4 9 10 

    8 7 6 3 2 0 0 0 0 0 1 4 5 

Starting time 

new 330 285 245 135 105 0 0 0 0 0 75 170 205 

Completion 

time new 380 330 285 170 135 0 0 0 0 0 105 205 245 

Tardiness 105 55 10 0 0 0 0 0 0 0 0 0 0 

Starting time 

deviation 105 105 105 30 30 0 0 0 0 0 0 0 0 

Total weighted 

tardiness 

1625             

Total weighted 

completion time 

5330             

Deviation by 

starting time 

375             

As you can see from table 4.18, the order is     {                  } which make sense 

because we put the total weighted completion time as the second objective of this example.  

Let look at task 5 and urgent task 1, processing time of these tasks is 30 and weight from 

production viewpoint of these tasks is 5. Thus, these tasks should be scheduled first in 

order to minimize total weighted completion time. 

For the second numerical rescheduling experiment, we will use baseline schedule from 

example 2 which is in table 4.19. 

 

Table 4.19 The baseline schedule for rescheduling example 2  

Task 1 2 3 4 5 6 7 8 9 10 

   5 5 5 5 5 5 5 5 5 5 

   1 2 3 4 5 6 7 8 9 10 

   5 5 10 15 20 25 30 35 40 45 

    10 9 8 7 6 5 4 3 2 1 

   0 0 0 0 0 0 0 0 0 0 

Order 1 2 3 4 5 6 7 8 9 10 

Starting time 0 5 10 15 20 25 30 35 40 45 

Completion 

time 5 10 15 20 25 30 35 40 45 50 

 

For this example, we assign three urgent tasks which come at time 17 and the length of the 

planning period is 80. The input parameters for urgent tasks are presented in table 4.19. 
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Table 4.20 Input parameter of urgent task for rescheduling example 2 

Urgent Task 1 2 3 

   5 5 5 

   6 7 8 

   20 25 30 

    10 10 10 

   0 0 0 

 

For the weight from customer viewpoint, all urgent tasks will be given at 10, because those 

tasks are very important to customer. Now, we have all input parameters for rescheduling. 

We can run the model in CPLEX software. At first, we assign the first objective to be 

maximizing total number of task that can be scheduled in this planning period and the 

second objective is to minimize total weight tardiness. The solution is presented in table 

4.21. 

Table 4.21 Solution for rescheduling example 2 (objectives are maximizing total 

number of urgent tasks and minimizing total weight tardiness) 

Task & urgent 

task 

1 2 3 4 5 6 7 8 9 10 11 12 13 

   0 0 0 0 1 1 1 1 1 1 1 1 1 

    1 9 8 10 5 7 11 12 13 6 2 3 4 

    0 0 0 0 4 6 7 8 9 5 1 2 3 

Starting time 

new 0 0 0 0 35 45 50 55 60 40 20 25 30 

Completion time 

new 0 0 0 0 40 50 55 60 65 45 25 30 35 

Tardiness 0 0 0 0 20 25 25 25 25 0 5 5 5 

Starting time 

deviation 0 0 0 0 15 20 20 20 20 5 0 0 0 

Total weighted 

tardiness 

620             

Total weighted 

completion time 

3040             

Deviation by 

starting time 

100             

 

As we can see from table 4.21, the order is     {                     }. The urgent 

tasks 1, 2, and 3 have been scheduled first due to the lower due date and higher weight 

from customer viewpoint. Next, we will assign the first objective to be maximizing total 

number of tasks that can be scheduled in this planning period and the second objective is to 

minimize total weighted completion time. The solution is presented in table 4.22. 
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Table 4.22 Solution for rescheduling example 2 (objectives are maximizing total 

number of urgent tasks and minimizing total weight completion time) 

Task & urgent 

task 

1 2 3 4 5 6 7 8 9 10 11 12 13 

   0 0 0 0 1 1 1 1 1 1 1 1 1 

    3 9 5 12 13 10 8 4 2 1 11 7 6 

    0 0 0 0 9 7 6 3 2 1 8 5 4 

Starting time 

new 0 0 0 0 60 50 45 30 25 20 55 40 35 

Completion 

time new 0 0 0 0 65 55 50 35 30 25 60 45 40 

Tardiness 0 0 0 0 45 30 20 0 0 0 40 20 10 

Starting time 

deviation 0 0 0 0 40 25 15 5 15 25 0 0 0 

Total weighted 

tardiness 

1200             

Total weighted 

completion 

time 

2800             

Deviation by 

starting time 

125             

 

In this example, we assign total weighted completion time as the second objective. Thus, 

the task with highest product of processing time and weight from production viewpoint 

should be scheduled first. 

 

4.3.2 Numerical experiments for urgent task rescheduling model in single machine 

with considering release time and precedence constraint 

 

For rescheduling experiment 3, we will use baseline schedule from example 4. The input 

parameters are showed in table 4.23.  

 

Table 4.23 The baseline schedule for rescheduling example 3 

Task 1 2 3 4 5 6 7 8 9 10 

   50 45 40 35 30 25 20 15 10 5 

   1 2 3 4 5 6 7 8 9 10 

   100 100 100 100 100 100 100 100 100 100 

    10 9 8 7 6 5 4 3 2 1 

   50 45 40 35 30 25 20 15 10 5 

Order 2 1 3 7 6 5 4 8 10 9 

Starting time 90 45 140 255 225 200 180 290 310 305 

Completion 

time 140 90 180 290 255 225 200 305 320 310 

 

We assign precedence graph for this example which is in figure 4.11. 
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Figure 4.11 The precedence constraint graph for rescheduling example 3 

In rescheduling example 3, we assign three urgent tasks which come at time 17 and the 

length of the planning period is 90. The input parameters for urgent tasks are presented in 

table 4.24. 

 

Table 4.24 Input parameter of urgent task for rescheduling example 3 

Urgent Tasks 1 2 3 

   5 5 5 

   1 1 1 

   50 50 50 

    10 10 10 

   0 0 0 

 

For urgent tasks, we do not have a precedence constraint thus the precedence matrix can be 

expressed as in figure 4.12. 
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Figure 4.12 Precedence matrix for rescheduling example3 

At first, we assign the first objective to be maximizing total number of urgent tasks that can 

be scheduled in the planning period and the second objective is to minimize total weight 

tardiness. The solution is presented in table 4.25. 
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Table 4.25 Solution for rescheduling example 3 (objectives are maximizing total 

number of urgent tasks and minimizing total weight tardiness) 

Task & 

urgent 

task 

1 2 3 4 5 6 7 8 9 10 11 12 13 

   0 0 1 1 1 1 1 1 1 1 1 1 1 

    2 3 6 7 10 9 8 11 12 13 4 1 5 

    0 0 4 5 8 7 6 9 10 11 2 1 3 

Starting 

time new 0 0 155 195 275 250 230 305 320 330 145 140 150 

Completion 

time new 0 0 195 230 305 275 250 320 330 335 150 145 155 

Tardiness 0 0 95 130 205 175 150 220 230 235 100 95 105 

Starting 

time 

deviation 0 0 15 60 50 50 50 15 10 25 0 0 0 

Total 

weighted 

tardiness 

8730             

Total 

weighted 

completion 

time 

15760             

Deviation 

by starting 

time 

275             

From the results all urgent tasks have been scheduled before the remaining tasks due to the 

earliest due date because we assign the total weighted completion time as the second 

objective. Next, we will assign the first objective to be maximizing total number tasks that 

can be scheduled in the planning period and the second objective is to minimize total 

weighted completion time. The output solution is presented in table 4.26. 
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Table 4.26 Solution for rescheduling example 3 (objectives are maximizing total 

number of urgent tasks and minimizing total weight completion time) 

Task & 

urgent 

task 

1 2 3 4 5 6 7 8 9 10 11 12 13 

   0 0 1 1 1 1 1 1 1 1 1 1 1 

    2 1 3 7 6 5 4 8 10 9 13 11 12 

    0 0 1 5 4 3 2 6 8 7 2 9 10 

Starting 

time new 0 0 140 255 225 200 180 290 310 305 330 320 325 

Completion 

time new 0 0 180 290 255 225 200 305 320 310 335 325 330 

Tardiness 0 0 80 190 155 125 100 205 220 210 285 275 280 

Starting 

time 

deviation 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 

weighted 

tardiness 

13590             

Total 

weighted 

completion 

time 

15135             

Deviation 

by starting 

time 

0             

 

In this example, we assign total weighted completion time as the second objective. Thus, 

the task with highest product of processing time and weight from production viewpoint 

will be scheduled first. 
 

4.4 Numerical experiments in term of practical situation for single machine of urgent 

tasks rescheduling model 

 

In the practical situation, the input parameters will not be fixed like we do in previous 

section. We assign input parameters as in table 4.27. 

Table 4.27 The baseline schedule for practical rescheduling experiment 

Tasks 1 2 3 4 5 6 7 8 9 10 

   7 15 9 8 5 6 7 7 6 10 

   2 4 4 4 3 4 2 2 1 5 

   74 33 87 65 51 80 81 59 74 85 

    4 3 3 2 1 2 1 4 4 4 

   0 12 62 44 45 70 54 30 80 24 

Order 1 2 4 3 8 5 9 6 7 10 

Starting time 0 12 62 44 90 71 95 77 84 102 

Completion time 7 27 71 52 95 77 102 84 90 112 
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For rescheduling, we assign three urgent tasks which come at time 67 and the length of the 

planning period is 140. The input parameters for urgent tasks are presented in table 4.28. 

Table 4.28 Input parameters of urgent tasks for a practical rescheduling  

Urgent Task 1 2 3 

   15 12 7 

   2 5 3 

   100 105 118 

    10 10 10 

   0 0 0 

 

We also consider precedence constraint in this practical rescheduling problem. The 

precedence graph is in figure 4.17. 

 
Figure 4.13 The precedence constraint graph for a practical rescheduling problem 

Then, we can construct the precedence matrix for this example which is presented in figure 

4.14. 
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Figure 4.14 Precedence matrix for a practical rescheduling problem 

Now, we have all input parameters. Thus, we can run the model in CPLEX software. At 

first, we assign the first objective to be maximizing total number of tasks that can be 
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scheduled in the planning period and the second objective is to minimize total weighted 

tardiness. The solution is presented in table 4.29. 

Table 4.29 Solution for a practical rescheduling (objectives are maximizing total 

number of urgent tasks and minimizing total weight tardiness) 

Tasks & 

urgent task 

1 2 3 4 5 6 7 8 9 10 11 12 13 

   0 0 0 0 1 1 1 1 1 1 0 1 1 

     1 8 2 3 10 5 12 6 7 13 4 9 11 

     0 0 0 0 5 1 7 2 3 8 0 4 6 

Starting time 

new 0 0 0 0 102 71 114 77 84 121 0 90 107 

Completion 

time new 0 0 0 0 107 77 121 84 90 131 0 102 114 

Tardiness 0 0 0 0 56 0 40 25 16 46 0 0 0 

Starting time 

deviation 0 0 0 0 12 0 19 0 0 19 0 0 0 

Total 

weighted 

tardiness 

444             

Total weight 

completion 

time 

2636             

Deviation by 

starting time 

50             

 

As you can see from table 4.29, the urgent task 1 is not included in the new schedule. So, 

there is no tardiness of urgent task 1. From table 4.29, it is difficult to identify new 

schedule from this table above. Thus, we will make schedule plan as in figure 4.15. 

 

 
Figure 4.15 New schedule plan of practical situation (objectives are maximizing total 

number of urgent tasks and minimizing total weight tardiness) 

 

Next, we will assign the first objective to be maximizing total number urgent tasks that can 

be scheduled in the planning period and the second objective is to minimize total weighted 

completion time. The solution is presented in table 4.30. 

 

 

 

Job 6 8 9 U2 5 U3 7 10

Time 6 7 6 12 5 7 7 10
Completion

time 77 84 90 102 107 114 121 131

Already done

71

71
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Table 4.30 Solution for practical rescheduling (objectives are maximizing total 

number of urgent tasks and minimizing total weight completion time) 

Tasks & 

urgent task 

1 2 3 4 5 6 7 8 9 10 11 12 13 

   0 0 0 0 1 1 1 1 1 1 1 0 1 

    2 6 4 3 7 5 9 10 11 12 13 1 8 

    0 0 0 0 2 1 4 5 6 7 8 0 3 

Starting time 

new 0 0 0 0 77 71 89 96 103 109 119 0 82 

Completion 

time new 0 0 0 0 82 77 96 103 109 119 134 0 89 

Tardiness 0 0 0 0 31 0 15 44 35 34 34 0 0 

Starting time 

deviation 0 0 0 0 13 0 6 19 19 7 0 0 0 

Total weight 

tardiness 

838             

Total weight 

completion 

time 

2191             

Deviation by 

starting time 

64             

 

As you can see from table 4.30, the urgent task 2 is not included in new the schedule. So, 

there is no tardiness of urgent task 2. From table 4.30, it is difficult to identify new 

schedule from this table above. Thus, we will make schedule plan as in figure 4.16. 

 

 
Figure 4.16 New schedule plan of practical situation (objectives are maximizing total 

number of urgent tasks and minimizing total weight completion time) 

 

In this situation, we should select the solution from table 4.30, because it gives us lower 

total tardiness and deviation. 

 

4.5 Numerical experiments for baseline schedule in job shop manufacturing 

 

In this part, CPLEX software shall use to conduct numerical experiments. The experiments 

are conducted to investigate the optimal schedule when urgent tasks occur in job shop 

manufacturing system. First of all, we will do the numerical experiment to create the 

baseline schedule. All input parameters which are               ,              will be 

fixed in this numerical experiment. 

 

We assign values given for input parameters for example 1 as in table 4.31. 

 

 

Job 6 5 U3 7 8 9 10 U1

Time 6 5 7 7 7 6 10 15
Completion

time 77 82 89 96 103 109 119 134

Already done

71

71
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Table 4.31 Input parameters for example 1 in job shop manufacturing 

Machine (l) 1 2 3 

Task (j)     

1 8 8 10 

2 6 6 8 

3 0 4 6 

4 4 0 4 

Task (j)     

1 3 2 1 

2 2 1 3 

3 0 1 2 

4 1 0 2 

Task (j)      

1 1 1 1 

2 1 1 1 

3 0 1 1 

4 1 0 1 

Task (j)           

1 1 8 25 

2 1 8 25 

3 1 8 25 

4 1 8 25 

As you can see from table 4.31, task 1 have to be processed on machines 3, 2, and 1, 

respectively and processing times of task 1 on machines 3, 2, and 1 are 10, 8, and 8, 

respectively. For task 2, machine 2, 1, and 3 will be used respectively and processing times 

of task 2 on machines 2, 1, and 3 will be 6, 6, and 8, respectively. Task 3 will use machines 

2 and 3 respectively and the processing time will be 4 and 6 respectively. For task 4, 

machine 1 and 3, will be used respectively and the processing time on both machines will 

be 4. Weight from producer view point, weight form customer view point and due date for 

all task is assign to be 1, 8, and 25 respectively. We run the model in CPLEX software and 

we get the solution as in table 4.32. 
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Table 4.32 Solution for example 1 in job shop manufacturing 

 

 

As you can see from table 4.32, the order on machine 1 will be tasks 4, 2, and 1. For 

machine 2, the order will be tasks 3, 2, and 1. On machine 3, tasks 1, 4, 3, and 2 will be 

processed, respectively. The order of each machine will be arranged from lower processing 

time to higher processing time which makes sense. However, on machine 3 task 1 will be 

scheduled first because machine 3 is available at the beginning of planning horizon. 

 

Let see another example, we assign values given for input parameter for example 2 as in 

table 4.33.  

 

 

 

 

 

 

 

 

 

 

 

Machine (l) 1 2 3 

Task (j)     

1 18 10 0 

2 10 4 20 

3 0 0 14 

4 0 0 10 

Task (j)      

1 26 18 10 

2 16 10 28 

3 0 4 20 

4 4 0 14 

Task (j)     

1 3 3 1 

2 2 2 4 

3 0 1 3 

4 1 0 2 

Task (j)         

1 26 1  

2 28 3  

3 20 0  

4 14 0  

Total weight    88   

Total weight     32   
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Table 4.33 Input parameters for example 2 in job shop manufacturing 

Machine (l) 1 2 3 4 5 

Task (j)     

1 2 2 2 2 2 

2 4 0 4 0 4 

3 6 4 6 4 6 

4 0 0 8 6 0 

5 0 6 0 0 0 

Task (j)     

1 1 2 3 4 5 

2 1 0 2 0 3 

3 5 4 3 2 1 

4 0 0 2 1 0 

5 0 1 0 0 0 

Task (j)      

1 1 1 1 1 1 

2 1 0 1 0 1 

3 1 1 1 1 1 

4 0 0 1 1 0 

5 0 1 0 0 0 

Task (j)             

1 1 8 25   

2 1 8 25   

3 1 8 25   

4 1 8 25   

5 1 8 25   

 

As you can see from table 4.33, task 1 have to be processed on machines 1, 2, 3, 4, and 5, 

respectively and processing times is assigned to be 2 for all machines. Machines 1, 3, and 5 

will be used to produce task 2, respectively and process time is assigned to be 4 for all 

machines. For task 3, machine 5, 4, 3, 2, and 1 are required, respectively and processing 

times are assigned to be 6, 4, 6, 4, and 6, respectively. Task 4 requires machines 4 and 3, 

respectively and processing times are 6 and 8, respectively. For task 5, it use only machine 

2 to produce and processing time is 6. Weight from producer view point, weight from 

customer view point and due date for all task is assign to be 1, 8, and 10, respectively. We 

run the model in CPLEX software and we get the solution as in table 4.34. 
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Table 4.34 Solution for example 2 in job shop manufacturing 

 

As you can see from table 4.34, for tasks 1, 2, 3, and 5, these tasks can be processed 

immediately according to their route. Task 4 can be started at machine 4 immediately but it 

has to wait for machine 3 to be available. 

 

4.6 Numerical experiments in term of practical situation for baseline schedule in job 

shop manufacturing 
 

In the practical situation, the input parameter will not be fixed like we do in previous 

section. The input parameter in the example will be as in table 4.35. 

 

 

 

 

 

Machine (l) 1 2 3 4 5 

Task (j)     

1 4 6 8 10 12 

2 0 0 4 0 8 

3 20 16 10 6 0 

4 0 0 16 0 0 

5 0 0 0 0 0 

Task (j)      

1 6 8 10 12 14 

2 4 0 8 0 12 

3 26 20 16 10 6 

4 0 0 24 6 0 

5 0 6 0 0 0 

Task (j)     

1 2 2 1 3 3 

2 1 0 2 0 2 

3 3 3 3 2 1 

4 0 0 4 1 0 

5 0 1 0 0 0 

Task (j)           

1 14 0    

2 12 0    

3 26 1    

4 24 0    

5 6 0    

Total weight    82     

Total weight     8     
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Table 4.35 Input parameters for example 1 of practical situation in job shop 

manufacturing 

Machine (l) 1 2 3 

Task (j)     

1 10 13 12 

2 12 7 9 

3 13 12 14 

4 0 14 10 

5 13 0 6 

6 0 5 0 

7 0 0 11 

8 6 0 0 

Task (j)     

1 1 2 3 

2 3 2 1 

3 2 1 3 

4 0 1 2 

5 1 0 2 

6 0 1 0 

7 0 0 1 

8 1 0 0 

Task (j)      

1 1 1 1 

2 1 1 1 

3 1 1 1 

4 0 1 1 

5 1 0 1 

6 0 1 0 

7 0 0 1 

8 1 0 0 

Task (j)           

1 2 5 45 

2 4 3 40 

3 9 4 37 

4 7 2 20 

5 6 5 42 

6 4 9 10 

7 1 7 20 

8 2 8 15 

 

As you can see from table 4.35, the input parameters are given randomly. We run the 

model in CPLEX software and we get the solution as showed in table 4.36. 

 



 

55 

 

Table 4.36 Solution for example 1 of practical situation in job shop manufacturing 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Machine (l) 1 2 3 

Task (j)     

1 6 26 39 

2 29 19 0 

3 51 39 64 

4 0 5 20 

5 16 0 30 

6 0 0 0 

7 0 0 9 

8 0 0 0 

Task (j)      

1 16 39 51 

2 41 26 9 

3 64 51 78 

4 0 19 30 

5 29 0 36 

6 0 5 0 

7 0 0 20 

8 6 0 0 

Task (j)     

1 2 4 5 
2 4 3 1 

3 5 5 6 

4 0 2 3 

5 3 0 4 

6 0 1 0 

7 0 0 2 

8 1 0 0 

Task (j)         

1 51 6  

2 41 1  

3 78 41  

4 30 10  

5 36 0  

6 5 0  

7 20 0  

8 6 0  

Total weight    1446   

Total weight     217   
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As you can see from table 4.36, the order on machine 1 will be task, 8, 1, 5, 2, and 3. On 

machine 2, the order is task, 6, 4, 2, 1, and 3. On machine 3, task, 2, 7, 4, 5, 1, and 3 will be 

processed on machine 3, respectively. From table 4.34, it is difficult to identify new 

schedule from this table above. Thus, we will make schedule plan as in figure 4.17. 

 

 
Figure 4.17 Predictive schedule plan of practical situation 1 

 

Let see another example, we assign values given for input parameters for example 2 as in 

table 4.37.  

Table 4.37 Input parameters for example 2 of practical situation in job shop 

manufacturing 

Machine (l) 1 2 3 4 5 

Task (j)     

1 8 6 4 10 9 

2 3 2 4 7 8 

3 2 3 5 11 7 

Task (j)     

1 1 3 2 4 5 

2 4 3 2 5 1 

3 5 4 1 2 3 

Task (j)      

1 1 1 1 1 1 

2 1 1 1 1 1 

3 1 1 1 1 1 

Task (j)             

1 2 6 40   

2 7 4 25   

3 8 5 28   

 
As you can see from table 4.37, the input parameters are given randomly. We run the 

model in CPLEX software and we get the solution as in table 4.38. 
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Table 4.38 Solution for example 2 of practical situation in job shop manufacturing 

As you can see from table 4.38, it is difficult to identify new schedule from this table 

above. Thus, we will make schedule plan as in figure 4.18. 

 
Figure 4.18 Predictive schedule plan of practical situation 2 

 

4.7 Numerical experiments for urgent tasks rescheduling model in job shop 
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Machine (l) 1 2 3 4 5 

Task (j)     

1 0 16 12 24 34 
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3 26 23 0 5 16 

Task (j)      

1 8 22 16 34 43 

2 17 14 12 24 8 

3 28 26 5 16 23 

Task (j)     

1 1 2 3 3 3 

2 2 1 2 2 1 

3 3 3 1 1 2 

Task (j)           

1 43 3    

2 24 0    

3 28 0    

Total weight    478     

Total weight     18     
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experiment, we will use baseline schedule from example 4 in section 4.5 for job shop 

which is summarized in table 4.39. 

Table 4.39 Baseline schedule for rescheduling example in job shop manufacturing 

Machine (l) 1 2 3 4 5 

Task (j)     

1 2 2 2 2 2 

2 4 0 4 0 4 

3 6 4 6 4 6 

4 0 0 8 6 0 

5 0 6 0 0 0 

Task (j)     

1 1 2 3 4 5 

2 1 0 2 0 3 

3 5 4 3 2 1 

4 0 0 2 1 0 

5 0 1 0 0 0 

Task (j)      

1 1 1 1 1 1 

2 1 0 1 0 1 

3 1 1 1 1 1 

4 0 0 1 1 0 

5 0 1 0 0 0 

Task (j)             

1 1 8 25   

2 1 8 25   

3 1 8 25   

4 1 8 25   

5 1 8 25   

Task (j)     

1 4 6 8 10 12 

2 0 0 4 0 8 

3 20 16 10 6 0 

4 0 0 16 0 0 

5 0 0 0 0 0 

Task (j)      

1 6 8 10 12 14 

2 4 0 8 0 12 

3 26 20 16 10 6 

4 0 0 24 6 0 

5 0 6 0 0 0 
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For this example, we have three urgent tasks that come at time 15 and the length of the 

planning period is 70. The input parameters for urgent tasks are presented in table 4.40. 

Table 4.40 Input parameter of urgent task for rescheduling example in job shop 

manufacturing 

Machine (l) 1 2 3 4 5 

Urgent task (j)     

1 8 0 8 8 8 

2 7 7 7 0 0 

3 6 6 6 6 6 

Urgent task (j)     

1 1 0 2 3 4 

2 1 2 3 0 0 

3 5 4 1 2 3 

Urgent task (j)      

1 1 0 1 1 1 

2 1 1 1 0 0 

3 1 1 1 1 1 

Urgent task (j)             

1 1 10 40   

2 1 10 45   

3 1 10 30   

As you can see from table 4.40, urgent task 1 has to be processed on machines 1, 3, 4, and 

5, respectively and processing times on all machines are assigned to be 8. For urgent task 

2, machine 1, 2, and 3 will be used, respectively and processing times on all machines are 

assigned to be 7. Machine 3, 4, 5, 2, and 1 will be used for task 3, respectively and 

processing times on all machines are assigned to be 6. 

At first part of the experiment, we will use the first objective is minimizing total number of 

urgent tasks that include in new schedule and second objective is to be minimize total 

weighted completion time. Then we run the model in CPLEX software and we get the 

solution as in table 4.41.  
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Table 4.41 Solution of urgent task for rescheduling example in job shop 

manufacturing (objectives are maximizing total number of urgent tasks and 

minimizing total weight completion time)  

As you can see form table 4.41, all urgent task are included in new schedule. In this set of 

objectives function, the starting time deviation of this schedule is 9. Next, let changes the 

set of objective function. The first objective is minimizing total number of urgent tasks that 

include in new schedule and second objective is to minimize total weighted tardiness. Then 

we run the model in CPLEX software and we get the solution as in table 4.42. 

Machine (l) 1 2 3 4 5 1 2 3 4 5 

Task (j)              

1 0 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 0 

3 1 1 0 0 0 1 1 0 0 0 

4 0 0 1 0 0 0 0 1 0 0 

5 0 0 0 0 0 0 0 0 0 0 

U1 1 1 1 1 1 1 0 1 1 1 

U2 1 1 1 1 1 1 1 1 0 0 

U3 1 1 1 1 1 1 1 1 1 1 

Task (j)            

1 0 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 0 

3 22 15 0 0 0 28 19 0 0 0 

4 0 0 22 0 0 0 0 30 0 0 

5 0 0 0 0 0 0 0 0 0 0 

U1 28 0 37 45 53 36 0 45 53 61 

U2 15 22 30 0 0 22 29 37 0 0 

U3 40 34 16 22 28 46 40 22 28 34 

Task (j)                  

1 0 0 0 0 0 0 0    

2 0 0 0 0 0 0 0    

3 2 1 0 0 0 28 3    

4 0 0 2 0 0 30 5    

5 0 0 0 0 0 0 0    

U1 3 0 4 2 2 61 21    

U2 1 2 3 0 0 37 0    

U3 4 3 2 1 1 46 16    

Total weight     202          

Total weight 

     434   

       

Total task     5          

Starting time 

deviation 9   
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Table 4.42 Solution of urgent task for rescheduling example in job shop 

manufacturing (objectives are maximizing total number of urgent tasks and 

minimizing total weight tardiness) 

As you can see from table 4.42, we also include all urgent tasks in new schedule. The 

solution of this objective set, the starting time deviation will be higher than the previous 

one which is 17. However, the total weighted tardiness of this case is lower than the 

previous one which is 428. 

 

Machine (l) 1 2 3 4 5 1 2 3 4 5 

Task (j)              

1 0 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 0 

3 1 1 0 0 0 1 1 0 0 0 

4 0 0 1 0 0 0 0 1 0 0 

5 0 0 0 0 0 0 0 0 0 0 

U1 1 1 1 1 1 1 0 1 1 1 

U2 1 1 1 1 1 1 1 1 0 0 

U3 1 1 1 1 1 1 1 1 1 1 

Task (j)            

1 0 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 0 

3 30 15 0 0 0 36 19 0 0 0 

4 0 0 22 0 0 0 0 30 0 0 

5 0 0 0 0 0 0 0 0 0 0 

U1 22 0 30 38 46 30 0 38 46 54 

U2 15 22 38 0 0 22 29 45 0 0 

U3 40 34 16 22 28 46 40 22 28 34 

Task (j)                  

1 0 0 0 0 0 0 0    

2 0 0 0 0 0 0 0    

3 3 1 0 0 0 36 11    

4 0 0 2 0 0 30 5    

5 0 0 0 0 0 0 0    

U1 2 0 3 2 2 54 14    

U2 1 2 4 0 0 45 0    

U3 4 3 1 1 1 46 16    

Total weight     211          

Total weight 

     428   

       

Total task     5          

Starting time 

deviation 17   
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4.8 Numerical experiments in term of practical situation for rescheduling in job shop 

manufacturing 
 

In the practical situation, the input parameter will not be fixed like we did in previous 

section. In this practical situation, we use baseline schedule from practical situation 2 in 

section 4.6 to be input parameter as in table 4.43. 

Table 4.43 Baseline schedule for rescheduling in job shop manufacturing in term of 

practical situation 

Machine (l) 1 2 3 4 5 

Task (j)     

1 8 6 4 10 9 

2 3 2 4 7 8 

3 2 3 5 11 7 

Task (j)     

1 1 3 2 4 5 

2 4 3 2 5 1 

3 5 4 1 2 3 

Task (j)      

1 1 1 1 1 1 

2 1 1 1 1 1 

3 1 1 1 1 1 

Task (j)             

1 2 6 40   

2 7 4 25   

3 8 5 28   

Task (j)     

1 0 16 12 24 34 

2 14 12 8 17 0 

3 26 23 0 5 16 

Task (j)      

1 8 22 16 34 43 

2 17 14 12 24 8 

3 28 26 5 16 23 

 

For this situation, we assigned three urgent tasks which came at time 18 and the length of 

the planning period of this situation will be 65. The input parameters for urgent tasks are 

presented in table 4.44. 
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Table 4.44 Input parameter of urgent task for rescheduling in job shop 

manufacturing in term of practical situation 

Machine (l) 1 2 3 4 5 

Urgent task (j)     

1 7 9 2 4 1 

2 0 0 9 6 4 

3 0 1 7 2 0 

4 8 0 0 10 0 

5 0 0 0 5 0 

Urgent task (j)     

1 2 3 4 5 1 

2 0 0 3 2 1 

3 0 1 2 3 0 

4 1 0 0 2 0 

5 0 0 0 1 0 

Urgent task (j)      

1 1 1 1 1 1 

2 0 0 1 1 1 

3 0 1 1 1 0 

4 1 0 0 1 0 

5 0 0 0 1 0 

Urgent task (j)             

1 8 10 60   

2 4 10 45   

3 6 10 48   

4 4 10 30   

5 7 10 25   

At first, we will use the first set objective function which first objective is minimizing total 

number of urgent tasks that included in new schedule and second objective is to minimize 

total weighted completion time. Then we run the model in CPLEX software and we get the 

solution as in table 4.45. 
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Table 4.45 Output solution of urgent task for rescheduling in job shop manufacturing 

in term of practical situation (objectives are maximizing total number of urgent tasks 

and minimizing total weight completion time) 

As you can see from table 4.45, it is difficult to identify new schedule from this table 

above. Thus, we will make schedule plan as in figure 4.29. 

 

Machine (l) 1 2 3 4 5 1 2 3 4 5 

Task (j)              

1 0 0 0 1 1 0 0 0 1 1 

2 0 0 0 0 0 0 0 0 0 0 

3 1 1 0 0 0 1 1 0 0 0 

U1 1 1 1 1 1 1 1 1 1 1 

U2 1 1 1 1 1 0 0 1 1 1 

U3 1 1 1 1 1 0 1 1 1 1 

U4 0 0 0 0 0 0 0 0 0 0 

U5 1 1 1 1 1 0 0 0 1 0 

Task (j)            

1 0 0 0 35 45 0 0 0 45 54 

2 0 0 0 0 0 0 0 0 0 0 

3 25 22 0 0 0 27 25 0 0 0 

U1 28 35 44 47 27 35 44 46 51 28 

U2 0 0 35 29 23 0 0 44 35 27 

U3 0 25 26 45 0 0 26 33 47 0 

U4 0 0 0 0 0 0 0 0 0 0 

U5 0 0 0 24 0 0 0 0 29 0 

Task (j)                  

1 0 0 0 3 3 54 14    

2 0 0 0 0 0 0 0    

3 1 1 0 0 0 27 0    

U1 2 3 3 5 2 51 0    

U2 0 0 2 2 1 44 0    

U3 0 2 1 4 0 47 0    

U4 0 0 0 0 0 0 0    

U5 0 0 0 1 0 29 4    

Total weight     1393          

Total weight 

     124   

       

Total task     6          

Starting time 

deviation 24   
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Figure 4.19 New schedule of practical rescheduling situation (objectives are 

maximizing total number of urgent tasks and minimizing total weight completion 

time) 

The total weighted completion time and total weighted tardiness of this schedule is 1393 

and 124, respectively. The starting time deviation of this schedule is 24.  

Next, we will use the sound set objective which first objective is minimizing total number 

of urgent tasks that included in new schedule and second objective is to minimize total 

weighted tardiness. Then we run the model in CPLEX software and we get the solution as 

in table 4.46. 
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Table 4.46 Output solution of urgent task rescheduling in job shop manufacturing in 

term of practical situation (objectives are maximizing total number of urgent tasks 

and minimizing total weight tardiness) 

In this new schedule, urgent tasks 1, 2, 3, and 5 are included in new schedule. As you can 

see from table 4.46, it is difficult to identify new schedule from this table above. Thus, we 

will make schedule plan as in figure 4.20. 

 

Machine (l) 1 2 3 4 5 1 2 3 4 5 

Task (j)              

1 0 0 0 1 1 0 0 0 1 1 

2 0 0 0 0 0 0 0 0 0 0 

3 1 1 0 0 0 1 1 0 0 0 

U1 1 1 1 1 1 1 1 1 1 1 

U2 1 1 1 1 1 0 0 1 1 1 

U3 1 1 1 1 1 0 1 1 1 1 

U4 0 0 0 0 0 0 0 0 0 0 

U5 1 1 1 1 1 0 0 0 1 0 

Task (j)            

1 0 0 0 35 45 0 0 0 45 54 

2 0 0 0 0 0 0 0 0 0 0 

3 26 23 0 0 0 28 26 0 0 0 

U1 28 35 44 47 27 35 44 46 51 28 

U2 0 0 35 29 23 0 0 44 35 27 

U3 0 22 23 45 0 0 23 30 47 0 

U4 0 0 0 0 0 0 0 0 0 0 

U5 0 0 0 24 0 0 0 0 29 0 

Task (j)                  

1 0 0 0 3 3 54 14    

2 0 0 0 0 0 0 0    

3 1 2 0 0 0 28 0    

U1 2 3 3 5 2 51 0    

U2 0 0 2 2 1 44 0    

U3 0 1 1 4 0 47 0    

U4 0 0 0 0 0 0 0    

U5 0 0 0 1 0 29 4    

Total weight     1401          

Total weight 

     124   

       

Total task     6          

Starting time 

deviation 22   
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Figure 4.20 New schedule plan of practical rescheduling situation (objectives are 

maximizing total number of urgent tasks and minimizing total weight tardiness) 

The total weighted completion time and total weighted tardiness of this schedule will be 

1401 and 124, respectively. The starting time deviation of this schedule is 22. As you can 

see from both objective sets, both objectives set give the same total task and total weighted 

tardiness. However, the first objective gives lower total weighted completion time and the 

second objective gives lower starting time deviation. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

 

This research considers the development of production schedule and reschedule model for 

a single machine problem and job shop manufacturing problem in respond to urgent tasks 

arrivals. In order to deal with urgent jobs arrivals, manufacturer needs fast respond to the 

urgent tasks. We derived mathematic model to create baseline schedule. After that, we 

developed rescheduling model to handle urgent jobs. At first, we derived model for a 

single machine problem, because single machine scheduling is a special case of job shop 

scheduling. Then we developed scheduling and rescheduling models for job shop 

manufacturing based on single machine model. In the baseline scheduling models of both 

manufacturing systems, we use two objective functions which are total weighted tardiness 

and total weighted completion time. For rescheduling model, we use two different sets of 

objective functions. The first set of objective functions are the total number of new tasks 

that is included in the schedule period and the total weighted completion time. The second 

set of objective functions are the total number of new tasks that is included in the schedule 

period and the total weighted tardiness. Moreover, in rescheduling model, we defined the 

total deviation of starting time as a measure for stability of the new schedule. 

 

For further study, the research conducted here can be extended to deal with the case when 

the machines can experience failure during the production period and task preemption can 

occur. Moreover, the research can be extended to deal with other manufacturing systems 

such as flow shop manufacturing, flexible flow shop manufacturing, flexible job shop 

manufacturing, and open shop manufacturing. Furthermore, constraint on schedule stability 

in rescheduling model can also be incorporated. 
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