Capstone Project Proposal

TieFlow Workflow Toolkit

Process Definition Simulator

Problem Statement

Background

The TieFlow Workflow Toolkit is a web-based electronic workflow system used to automate manual, form-based processes. The toolkit is composed of several loosely integrated tools that are used in the development and deployment of automated workflow systems. One of these tools is a Java-based graphical Workflow Editor that allows a user to graphically define a process definition. The Workflow Editor provides a graphical static representation of the process definition. The Workflow Editor also has a Process Definition Simulator capability that executes the process definition as it is defined and generates a summary report of the simulations. The simulator currently provides three simulation modes: path coverage mode, which identifies every unique path through the process; probability mode, which determines the path through the process for each simulation based on pre-defined probabilities of each transition; and time-based mode, which executes simulations of the process simultaneously in “real-time”.

Problem

The current simulation capability provides a basic simulation capability for all valid process definitions. However, the time-based mode simulation does not accurately model real-world process executions because it is lacking the concepts of calendars, resources, and schedules. The simulation capability must be enhanced to add the concept of resources, including availability and schedules, to the time-based simulation. Additionally, the time-based initiation distribution must be modified to provide more control over the frequency and scheduling of new simulations’ start times. Finally, some minor corrections and improvements to the overall simulation operation, performance, and output are required to make the simulation capability more accurate and its results more readable.

High-Level Requirements

Code / Architecture

1. Process Simulator shall be integrated and compatible with the TieFlow Workflow Toolkit Workflow Editor. 

2. Process Simulator shall use the Java JDK version 1.4.1 for any required Java code.

3. Process Simulator shall use the GEF (Graph Editing Framework) architecture.

4. Process Simulator shall use the XML parser currently used by the Workflow Editor for any required XML processing.

General Requirements

Add resource definition.

Assign resource to role/activity.

Define schedule for resources

Define availability for resources (if less than 100%, define frequency/duration of interruptions)

(Default resource to 100% available)

Add startup scheduling (periodic[current capability], schedule [week calendar with set times for each startup], variable schedule [week calendar with time ranges for each startup])

Problems:

Requested number of simulations not executed.

Units on output

Displayed statistics not correct/clear

5. Process Simulator shall provide the capability for the user to select the process definition desired for simulation.

6. Process Simulator shall automatically include any and all sub-processes associated with the selected process definition.

7. Process Simulator shall provide three methods of simulation: Path Coverage, Probability, and Time-based. The Path Coverage and Probability modes have been implemented by a previous Capstone group.

8. Process Simulator shall display the same summary report fields for all three simulation modes. The Path Coverage and Probability mode summary reports have been implemented by a previous Capstone group.

Detailed Requirements

Corrections to Existing Simulation Modes

9. Process Simulator shall support the following AND-split/AND-join scenario:
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The current simulation capability made an incorrect assumption that prohibits the above process flow. This process flow is valid and is supported by the workflow engine. Therefore, it should also be supported by the simulator.

10. Process Simulator shall correctly display the path traversed for the process definition in requirement 9. The current simulation capability does not have the ability to properly display the path traversed by this process.

11. Process Simulator shall support dead-end nodes, when used in a valid manner (usually in an AND-split), as in the process definition shown below:
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The current simulation capability does not support dead-end nodes.

12. Process Simulator shall display units on each time display output in the Summary Report. Work Time is in hours and Total Time is in days.

Enhancements to Existing Simulation Modes

13. Process Simulator shall support statistical distributions for the specification of the work time and total time inputs for each activity. The current simulation capability assumes a constant, hard-coded value for these times. The following distribution types should be supported:

1. Uniform (user enters minimum and maximum)

2. Triangular distribution (user enters minimum, maximum, and most likely value)

3. Normal (user enters mean, standard deviation, minimum, and maximum)

4. LogNormal (user enters mean, standard deviation, minimum, and maximum)

14. Process Simulator shall ensure that the total time value is always greater than or equal to the work time for a specific activity execution.

Simulation Mode 3:  Time-based mode

15. Process Simulator shall allow the user to define the following initialization parameters for the simulation:

5. Start day or date.

6. Start time of day.

7. Length of simulation in hours.

8. Specification of simulation startup (See requirement 16).

16. Process Simulator shall allow the user to specify the simulation startup, or when and how often a new simulation instance is started. Two types of startup types should be supported:

9. Recurrent. Defines the repeat frequency and the number of simulations started each time.

10. Schedule. Defines the startup of simulations based on days/dates and times, with each scheduled time specifying the number of simulations to start.

17. Process Simulator shall execute the process definition for each startup instance.

18. Process Simulator shal not run in real-time. In other words, if the user sets the simulation to run for 8 hours, the Process Simulator should not run for 8 hours before producing the simulation results. 

19. Process Simulator shall use the path probabilities to determine the path through the process.

20. Process Simulator shall use the work time value to determine the minimal length of time that the process instance must remain within an activity.

21. Process Simulator shall ignore the total time input value for an activity. The total time value for each activity instance should be the computed actual time spent in the activity. Thus, this value should be greater than or equal to the work time specified for the activity instance.

22. Process Simulator shall restrict the work at an activity to one simulation instance per assignee at any given time. That is, one assignee may not work two instances simultaneously. If more simulation instances arrive at an activity than can be handled by the maximum number of assignees for that activity, the work should be processed in first-in, first-out order. The excess work must wait with its total time clock running until an assignee becomes available.

23. Process Simulator shall use the role behavior specified for each activity to determine the number of assignees that are available for the activity.

24. Process Simulator shall assume that assignees in an activity that are not currently assigned to a simulation instance are always available to work. However, the design should allow future modifications that would provide the ability to schedule the availability of the assignees.

25. Process Simulator shall execute the process definition until one of the following exit criteria is met:

11. The user-specified end-time has been reached.

12. An error, exception, or other problem in the execution has been detected.

Summary Report

26. Process Simulator shall provide a summary report at the completion of a process definition simulation. The Basic Summary report for the first two simulation modes has been implemented by a previous Capstone group.

27. The summary report for the time-based mode shall include all of the information currently provided by the probability mode simulation in the same format provided by the probability mode simulation.

28. The summary report for the time-based mode shall additionally include the following for each simulation (Path Report):

13. count of the total number of assignees for each role

14. count of the total number of assignees for each activity

15. count of the total number of assignees for the process execution

29. The summary report should minimally include the following information based on all of the simulations in the current execution for the time-based mode (Full Report):

16. maximum number of assignees for each role

17. simulation path number of the maximum number of assignees for each role

18. minimum number of assignees for each role

19. simulation path number of the minimum number of assignees for each role

20. average number of assignees for each role

21. maximum number of assignees for each activity

22. simulation path number of the maximum number of assignees for each activity

23. minimum number of assignees for each activity

24. simulation path number of the minimum number of assignees for each activity

25. average number of assignees for each activity

