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 Job Scheduling using Heuristic Approach

Problem Description
Job scheduling is a task that managers have to deal with every day. We want to build a decision support system that will enable the managers to make the proper assignment of jobs to employees in a timely manner. Every morning, managers get a list of jobs to be completed and a list of employees available. Ideally, they would want to assign employees to the best job each can perform. However, there are a few problems with that: (a) There might be more than one employee qualified to perform a particular job, and there might be no one qualified to perform another job in the list; (b) The assignment should be such that it complies with union-management agreements, disability act, and ergonomic restrictions; etc.

The decision support system is based on a database that keeps information about jobs, employees, tasks that compose a job, skills required to perform a job, etc. We present a heuristic that can be employed during the process of assigning employees to jobs.

Database Design

We present below the main entity types of this database. For each entity type, we provide some of the corresponding attributes. Use this information in order to: (a) Build an Enhanced E-R diagram; (b) Transform the Enhanced E-R diagram to a relational database. Identify the primary key(s) and the foreign key(s) for each relation. Draw the relational integrality constraints; (c) For each of the relations created, indicate its normal form. If the relation is not in the 3NF, decompose it into 3NF relations.
1. Employee: The main attributes are social security number, name, address, department, skills, degree, availability, etc.  

2. Job: The main attributes are identification number, description, expected length (in man-hours), tasks (it is composed of), etc.

Note the following: (a) The attribute skills of employee entity type is a multi-value attribute; (b) The attribute tasks of employee entity type is a multi-value attribute; (c) Each task requires specific skills; (d) When an employee is assigned to perform a particular job, the following information is recorded: assignment identification number, starting time and date, expected finish time and date, actual finish time and date, descriptions, etc.

Access Application Development

The following are some of the queries, forms, and reports one can create in order to increase the functionality of the database:

Queries:
1. Create a query that prompts the user for the identification number of a particular job and lists the tasks that compose this job.

2. Create a query that prompts the user for the name of a task and lists the skills required to perform this task.

3. Create a query that prompts the user for the name of a skill and lists the employees who have this skill.

4. Employees have more than one skill. However, they have a stronger background in some disciplines than in others. Employees rank their skills on a scale of 1 to 10 (with 1 being the best). We want to add a new field in the table Employee-Skills, called “Rank.” This field stores the ranking of employees’ skills. Create an update query to populate this field.   

5. Create a query that prompts for a date and the name of a job and lists the available employees who can perform the job. Sort this information in such a way that at the top of the list will be the employees who have the strongest background to perform the job.     

6. Create a query that presents the following: starting time and date, expected finish time and date, actual finish time and date, expected duration, and actual duration of the tasks completed during the last month.

7. Create a query that prompts for the name of an employee and lists the jobs that employee worked on during the last month.

Forms:
1. Create a user sign-in form together with a registration form for new users.

2. Create the following data entry forms that are used for database administrative functions: jobs, employees, assignments of employees to jobs, etc. These forms allow the user to add, update, and delete information about jobs, employees, assignments of employees to jobs, etc.

3. Create a form that allows the user to browse through the information stored in the table Job. Create a subform that presents a list of the tasks that compose the selected job. Create another subform that lists the skills required to perform the selected job. Insert a command button that, when clicked-on, lists the names and departments of the available employees qualified to perform the selected job. 

4. Create a form that allows the user to select the name of an employee from a combo box. Create a subform that lists the jobs accomplished by this employee during the current month. For each job, present the following: starting time and date, expected finish time and date, and actual finish time and date. Insert a command button that, when clicked-on, presents the total number of working hours that the selected employee accumulated during the last month.

5. Create a form that allows the user to choose an assignment (of a job to an employee) from a list box. Create a subform that lists the skills of the employee involved in this assignment. Insert a command button that, when clicked-on, lists the names of all the employees who have been working on the same job. Create a text box that presents today’s date.  

Design a logo for this database. The logo may contain the picture of an equipment, etc. Insert this logo in the forms created above. Have the background color of the forms light green and the border color for the titles yellow. Include in the forms created: record navigation command buttons, record operations command buttons, and form operations command buttons as needed. 

Reports:

1. Create a report that lists the name of a job and the names of the employees assigned to perform the job. The report should include only the jobs that are currently proceeding. 

2. Create a report that presents the name of the jobs accomplished during the last month. For each job, present the following: the starting time and date, expected finish time and date, actual finish time and date, expected duration, and actual duration. Present the total amount of man-hours used during the last month. 

3. Create a report that prompts for a particular skill and lists the name and department of the employees who have this skill. For all employees, indicate their availability and proficiency (rank) level.

4. The same jobs are performed more than once in a year. The management is interested to identify any trends in the actual amount of man-hours used to perform a particular job. Use the chart wizard to present the actual man-hours used to perform a job during the current year. 

5. For all the jobs that are not scheduled yet, report (if applicable) related union-management agreements, disability act agreements, and ergonomic restrictions. 

6. Report for each employee the name of the jobs that the employee is qualified for.

7. Report for each job the name of the employees who are qualified to perform the job. Present also for each job the number of employees qualified to perform the particular job.  

Visual Basic.NET Application Development

This database application can be used by managers, employees, etc. In the following figure we present a tentative layout of the system. 


In the welcome screen, the user can choose one of the five options presented. We give details about the forms or set of forms to be included in each option; however, you are encouraged to add other forms you find important. We suggest that the queries, forms, and reports already created in the Access Application Development section be included in here.

Jobs: Managers browse this part of the database to identify: (a) the tasks that compose a particular job; (b) the skills needed to perform a particular job; (c) the employees who have the qualifications to perform a particular job; etc.

Employees: Managers and employees browse this part of the database to identify: (a) the particular skills of an employee; (b) the jobs the employee is participating in; etc. Employees visit this part of the database to learn about their assignments.   

Statistics, Graphs & Data Analysis: Managers often visit this part of the database to identify trends in the following: (a) the number of man-hours needed to perform a particular job; (b) the number jobs completed in a particular time period; etc. 

Job Assignment Heuristic: We propose a heuristic approach that helps with the assignment of employees to jobs. This procedure consists of two stages. In the first stage, employees are screened to identify the ones who are qualified to perform a particular job. In the second stage, certain rules are employed in assigning jobs to the qualified employees. 

In first stage, the following are the screening criteria: skills, ergonomic constraints, attendance, and availability. Based on the complexity of the project, one can include additional criteria such as: (a) the number of days passed before we can re-assign an employee to the same job; (b) the maximum number of days an employee is allowed to work on a particular job; etc. The screening of employees can easily be completed by running some of the queries described above. For all employees, count the number of jobs each is qualified for. Then, rank the employees in ascending order of the number of jobs they can perform. As a result, the least flexible employees will be at the top of the list.   

In the second stage, (a) sort the employees based on the number of jobs they are qualified for; (b) sort the jobs by ascending order of the ratio between the number of qualified employees who are available and the total number of employees who are required to complete the job.  

The heuristic proceeds with assigning the highest-ranked jobs to the highest-ranked employees. If there are not enough employees to perform a particular job, the job should be marked for manual scheduling. If not all the jobs are scheduled, the system should repeat the earlier screening activity and revise the rankings to reflect both employees’ standard time assignments and the removal of the previous job. This process continues until all the jobs have been scheduled.
Update: The update form requires an administrator login name and password. This form allows the user to add/delete/update the information kept in this database about employees, jobs, job-employee assignment, etc.

Web Extension
A user may access this database from personal computers at home or in the office. The user could be an employee, a manager, the database administrator, etc. The employees search the database to identify their weekly schedules. The information provided in this database should help the managers decide on the assignment of employees to jobs. Only the database administrator can have access to the update forms.

Develop an ASP.NET web application that will enable the users to access the database and perform the activities described above. Your application will have forms similar to the ones described in the VB.NET Application section.

Reference 

Schniederjans, M. J., Carpenter, D. A., “Heuristic job scheduling decision support system - A case study.”, Decision Support Systems 18: 159-166, 1996. 











































































25
































































































































Statistics, Graphs & Data Analysis 





Job Assignment Heuristic





Login Req.





Exit the Database





Present Results 





Updates





Employees 





Jobs





Welcome Screen


















































� EMBED Equation.3  ���






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































_1142440689.unknown

