Software Requirement Specification

1. Introduction

1.1Purpose
The purpose of this Software Requirement Specification is to establish and maintain a common understanding between the customer, Dr. Wallentine, and the software developer regarding the requirements for the proposed software.
1.2 Scope

The proposed software is a GUI and a job distribution optimizer for a virtual pipeline simulation testbed. The software will simulate the pressure and flow distribution that is happening in a real pipeline system. The software will use various parallel algorithms on several machines in order to reduce the amount of time needed by this computing-extensive simulation. The software will also provide a GUI to graphically build the pipeline system and will perform the require computation in order to have a simulation as accurate as possible in a reasonable amount of time. The GUI will also be used to visualize the result of the simulation. 

1.3 Overview

This Software Requirements Specification (SRS) is organized into two main sections: overall description and specific requirements.  The overall description section provides information describing general factors that will affect the requirements of the software.  The specific requirements section describes in detail the requirements the software must meet.

2. Overall description

2.1 Product perspective

The software is an interface to the Virtual Pipeline Simulation Testbed. It comprises a GUI (Pipeline Editor) and a job distribution optimizer (Optimizer). Once the pipeline system is drawn, the optimization and the simulation will be able start.  The computation will be done on several powerful computers and result will be transmitted back to the GUI for display. Communication among cluster machines will be done by message passing and shared memory.

2.2 User interface: Pipeline Editor 

a) The pipeline editor shall support drag and drop operations for drawing components (pipes, joints, and compressors).

b) The pipeline editor shall support standard editing functions (copy, cut, paste).  

c) The pipeline editor shall provide zoom functions.

d) The pipeline editor shall display the simulation results.  

e) The user shall be able to store/retrieve a previously drawn pipeline system (group of components called library) and connect it with some new groups or components. 

f) The user shall be able to move components inside the editor to have a better positioning.

g) The user shall be able to edit the characteristic of each component displayed.

h) The user shall be able to define some checkpoints during the simulation.

i) The user shall be able to playback (replay) the simulation from any given checkpoints.

j) The user shall be able to start the application from any machines (using a browser and WebStart).

k) At any time during the simulation, the user shall be able to interrupt the simulation.

2.3 Hardware interfaces

a) Each computer shall have enough memory and enough computing power (processors) to handle computing-extensive tasks.

b) Each computer shall have an Ethernet card to communicate with other computers.

2.4 Software interfaces 

a) The cluster computers shall run under the Linux operating system.

b) Each computer shall have the Java Virtual Machine installed (version 1.4 or later).

c) Each computer shall have the JGraph 3.0 package installed.

2.5 Communications interfaces

Computers shall support TCP/IP to communicate with each other.

2.6 Product functions

a) The product shall provide a GUI with all the components needed to draw a complete pipeline system, a button to start the optimizer and a button to start the simulation.

b) The product shall provide an optimizer. The optimizer should be able to produce a job allocation that balances the load of each processor (that is, minimizes the load differences among cluster machines assigned to the simulation). The jobs are the pipelines components (pipes, joints, compressors …). Each job has some computation time and some communication time. The computation time depends on the characteristic of the component and the machine on which it is executed. The communication time depends on the amount of information exchanged and whether or not the connected component are on the same machine (local communication) or not (remote communication). Given these constraints, the optimizer will find an optimal distribution of jobs among machines that minimizes the workload of each processor.

c) The product shall integrate a simulator. The simulator should solve a set of partial differential equations that mathematically models the pressure and flow rate distribution in each component of the real pipeline system.   

2.7
 User characteristics

a) Users of the system should be experienced pipeline design engineers who have a good understanding of a pipeline system.

b) Users should be able to understand and manipulate pipeline characteristics. 
c) No particular training should be necessary to use the software.

Following is the use case diagram for the software:
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Virtual Pipeline Simulation System: Use Case
3. Specific requirements

3.1 External interface requirements

The interface provided will be the pipeline editor. It should be able to be started from any computer via a browser using Java WebStart. The interface should provide all the necessary components to draw a complete pipeline system. Characteristics of those components shall be defined at the time of their creation. As the pipeline system can be very large, the interface shall provide a way to save/retrieve previously built pipeline subsystems. The interface will consist of one window with 2 toolbars and one menu bar. The horizontal toolbar will have a button for the components and will support drag and drop to insert components. The vertical toolbar will contain all the buttons for editing and zooming. The menu bar will offer the same functionality as the 2 toolbars in addition of the save/open function. The interface will offer the possibility to use the keyboard via some shortcut keys.

Following is a screenshot of a prototype GUI:
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PIPELINE EDITOR

3.2 Functional requirements

In order to provide the most realistic and accurate simulation, the system should implement adequately every features of the pipeline simulation.  Each feature presents some required conditions that the system should meet to react correctly.

The diagrams below show the sequence diagram and the interaction of the different parts of the software.
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Sequence diagram of the Virtual Pipeline Simulation Testbed
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Dataflow of the Virtual Pipeline Simulation Testbed
3.2.1 Pipeline Editor

Inputs: The input for the pipeline editor should come from the user. The user will define the components belonging to the pipeline system along with their characteristics.

Outputs: The pipeline editor shall produce a list of component objects. A component can be either a pipe or a compressor.

a. List of components
The GUI shall provide the following components: pipes, station, split, joint, orifice meter, storage, compressor, driver, regulator, receipt point, delivery point. 

Following are the icons used in the GUI: 
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b. Draw a component

The user shall be able to draw any components needed for the pipeline system either by clicking on the component icon in the toolbar or by dragging it into the drawing pad.

a) Draw a compressor

A compressor shall only be connected to pipelines. It can accept several pipelines connections.

b) Draw a joint

A joint should be connected to at least two pipelines. Pipelines should be the only components connectable to joints.

c) Draw a pipe

Pipes should have another component connected at each end.

c. Delete a component

The user shall be able to delete any components in the pipeline system either by right-clicking on the component and selecting remove or by clicking on the remove icon in the toolbar or using the delete key.

d. Edit a component

The user shall be able to edit the characteristics of any components inside the pipeline system by using the right-click menu. Features available for editing should depend on the component selected.

e. Move a component

The user shall be able to move any components of the pipeline system inside the drawing space using a dragging move. All the components connected to the component moved should also move and stay connected.

f. Undo/Redo an action

The user shall be able to undo or redo any action done on any components of the pipeline system either by clicking on an icon in the toolbar. If there is no action to undo (or redo), the button should be disable.

g. Copy/Cut/Paste a component

The user shall be able to copy, cut or paste any components of the pipeline system using the buttons in the toolbar or the standard keyboard shortcuts. 

h. Zoom in/Zoom out

The user shall be able to zoom in or zoom out any area of the pipeline system using the buttons in the toolbar. 

i. Optimize

The user shall be able to launch the optimizer from the GUI by clicking on a button on the toolbar.

j. Simulate

The user shall be able to launch the simulation from the GUI by clicking on a button on the toolbar.

k. Insert a checkpoint

The user shall be able to launch insert a checkpoint at any time during the simulation.

l. Playback

The user shall be able to restart the simulation by providing a checkpoint from where the simulation should be restarted. 
3.2.2 Optimizer

Input: A list of components objects

Output: A list of job objects. In addition to the fields of a component, a job has information about the machine on which it should be executed, the components connected to it, the execution time and the associated file containing the source code of its execution.

The job allocation optimization is a discrete optimization problem. The system will use the Branch and Bound algorithm to find the best distribution given some time and communication constraints. The solution may not be optimal but should be very close to the optimal one. The optimizer should adequately balance computation and communication time among all the processors. It should output a list of all jobs along with the machines on which they should be executed in order to have the best distribution.
3.2.3 Simulator

Input: A list of job objects

Output: A list of job object with their new property values.
The simulator should solve a set of partial differential equations to simulate the pressure and flow rate distribution in each component of the pipeline system. It should continuously output some values in order to visualize the current state of the simulation in the GUI.   
3.3. Performance requirements

The system should be able to handle at least a set of 1000 jobs. The computation time should be kept minimal in both the optimizer and the simulator. The user should not wait more than 20 minutes to have the output of the optimizer and no more than 1 hour for the results of the simulator. The amount of data transferred should also be kept minimal to avoid too much communication overhead.

3.4. Software system attributes

a. Accuracy

Accuracy is the most important attribute for the virtual simulation pipeline testbed. The simulator must accurately model the pressure and the flow in each component of the pipeline system. If the convergence criteria are not well established, the simulation will be far from the real model.

b. Reusability

The system will have several releases with each time an increased number of functionality. Some new components and features will be added. 

c. Maintainability

The system shall be separated into modules following the MVC (Model View Controller) pattern. There will be a module for the GUI, one for the optimizer and another one for the simulator.

d. Portability

The modules will be written in Java.  As Java is supported on many platforms, it should be quite easy to move to another platform. For performance reasons, some parts will be written in some specific platform-dependant languages. 
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