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1. Introduction

1.1 Purpose

This document describes the specification requirements for MIPSinEclipse.  This includes all major functionalities/features, as well as environment requirements for using the plug-in.

1.2 Document Conventions

N/A.

1.3 Intended Audience and Reading Suggestions

This document is intended mainly for our CS130 TA’s at UCLA, and our mentors at IBM.  It is also available for anyone who is interested in learning about what our plug-in does, or for developers who would like to extend it.  However, this document is intended only to give an overall description of the plug-in, and will not go very deep into implementation detail.

A few reading suggestions:

For a brief overview of the purpose of the plug-in, its capabilities, and what is required to use it, see Section 2.  For a more detailed description of the plug-in’s features, see Section 4.  You may also wish to see Section 3 for a description of the user interface.  

For those interested in the technical details of our plug-in: See Appendix B in Section 6 for a description of the design for the implementation of our plug-in.  Also Section 3 describes how the program will interface with the rest of the user’s hardware and software.  

A glossary is contained in Appendix A of Section 6.  Any terminology we use that is not clearly understood can be referenced here.  

1.4 Product Scope

MIPSinEclipse is a quarter-long student project done for CS130 (Software Engineering) at UCLA.  It is a MIPS development tool provided as a plug-in to Eclipse.  It is designed to ease the development process by providing a single, integrated environment in which the user can edit and simulate MIPS code.  MIPSinEclipse is mainly intended be used as an educational tool for students learning about assembly language programming and the MIPS architecture, but can be used by any user who wishes to develop in MIPS.

1.5  References  

None.

2. Overall Description of the MIPS Development Tool
2.1 Product Perspective 

MIPSinEclipse is an independent student project, designed as a plug-in for the already existing Eclipse platform.   It is not self-contained, and it will run through the Eclipse platform.  The user must have Eclipse installed on his or her machine in order to be able to use the plug-in.

The plug-in uses SPIM (an open source MIPS emulator) to perform its simulation.  SPIM is included as a component of the plug-in; the plug-in has features built on top of SPIM, and also includes an editing environment and macro processor. 

2.2 Product Functions

· An enhanced editing environment to make code more readable.  Features are also included to help the user in understanding the MIPS instruction set.

· A macro processor to enable the user to define macros, so that variables can be given meaningful names, and code segments that are used repetitively can by given a symbolic name, to speed development.  The macro processor also allows the user to combine different files into one executable segment for simulation.

· An environment for simulation which aids in debugging by allowing single-step execution through code, and a window displaying MIPS register contents

2.3 User Classes and Characteristics

College Level Student – Learning MIPS
Description:  The student is someone who has had a fair background in programming, and is learning MIPS as a requirement for class.  This assumes that he has some sort of professor or mentor that is teaching him the individual MIPS architecture and instruction set.  It is assumed that the student begins with little or no knowledge of MIPS, or the Eclipse environment.

Subset of Features most likely used: The help tools are intended mainly for this class of users.  The SPIM simulation and debugging features will also be very useful for the student.
Priority: High, as most professional programmers don’t code directly in MIPS anymore, and most users will probably fall within this category.  The tool’s main goal is to facilitate the development process and aid the understanding of designing a small program using MIPS.

Experienced MIPS Programmer 
Description:  This user may use MIPS in industry, or as a hobby, programming small machines of his/her own.  This type of user already has an advanced knowledge of the MIPS architecture.
Subset of Features most likely used: This user will be able to make full use of the macro processor to make his/her development process more efficient.  This is particularly useful for larger programs.  The editing and simulation features will be useful for this group of users as well.
Priority: Not as high as for the student user, but still a priority.  The tool’s main secondary goal is to make MIPS easier to use and provide a far friendlier environment.

Non-Student trying to learn MIPS

Description:  This person is like the student with programming experience, but he has no professor or reference book guiding him through learning the process.

Subset of Features most likely used: Unknown.
Priority: Low.  Our tool’s focus is to make MIPS easier to use, not to teach how to use MIPS. 

2.4 Operating Environment

The program must be able to run on any platform that can run the Eclipse software.  As Eclipse is Java based, this means our program will be able to run on all Windows, Linux, and Mac platforms that the Eclipse IDE is able to run on.  

Since the MIPS development environment must interact with an outside executable (i.e. SPIM, for the debug features), the program must be able to co-exist with SPIM itself.

2.5 Design and Implementation Constraints
As the MIPS development tool is meant to be an open source project, no licensed or registered code can be used or integrated. 

2.6 User Documentation
· Help documentation on the program is accessible through the help feature of the program itself.

· As this is an online project, there are no strict paper manuals and such that will be delivered to the user.

· Instead, help files in the form of text documents explaining the use and features of the development tool will be bundled with the plug-in.

2.7 Assumptions and Dependencies
Being a plug-in, of course, we will be using Eclipse as our base. 

Our debugging client is based on a SPIM version that has been ported over to LINUX/UNIX/MAC environments from C.  This component is not designed by us; we are merely building a layer over it so that our client has a more manageable SPIM experience.  This assumes that the SPIM client our debugger relies on will run reliably on all platforms.  Specifically, OS and version dependencies will not affect how the SPIM emulator runs.

3.  External Interfaces

3.1 User Interface

Figure 3.1:  Overall UI
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Figure 3.1 demonstrates the overall look and feel of the plug-in.  It basically has the same look as the current Eclipse (3.1) with some additional features to aid in MIPS development.  Each additional feature is labeled in the picture, and each will be described below.

A. File/label browser: In the left side of the image, we have a collapsing, 1-level tree.  At the top of the tree is an icon representing the MIPS files the user has opened. The additional icons at the bottom are named after the labels in the MIPS file.  As each label is declared, the icon will appear.  When the user double clicks on the name of the label at this 1 level tree the plug-in will move the cursor to the same line position in the editor window.  Hence, the basic functionality of this 1 level tree will allow users to quickly jump to different locations of a file.

B. Code collapsing functionality:  When the user wants to make a segment of code become collapsible, he/she will highlight that segment of code and then click on the collapsing button (see F).  A window will appear asking the user to label this segment of code.  Once collapsing is set for this segment, the user will be able to hide that segment of code by clicking on the [ - ] icon, or expand it by clicking on the [ + ] icon.

C. This feature is known as search highlighting.  The user would use the typical search feature built into eclipse, but this time, as the word is typed in the search text box, the plug-in will search the MIPS file, and highlight words that match the word in the search text box.

D. Basic syntax highlighting will be available.  Comments will be green.  Labels will be dark purple.  Macro processor syntax will be dark red.  Finally, collapsing code segment syntax will be dark blue.

E. Our editor will display left-aligned, light gray line numbers in for ease of both editing and debugging.  For our collapsible code segment functionality, the line numbers will collapse with the code.  (Refer to section B.)  

F. Two buttons will be added to the Eclipse tool bar.  The first icon with the initials MP is used to process the macros in the macro processor. (Refer to section 4)  The second icon is used when the user wants to collapse a segment of code.  When a segment is highlighted, the user will then click on this button, and that code segment will become collapsible. A [ - ] icon will show up at the first line of the highlighted code, and the user will then be able to hide code segments or display them.

G. This is the I/O console window for the SPIM simulator.  The user will be able to open SPIM and write commands directly to SPIM using this window (i.e. Run, Stop, Step), as well as view line by line output from SPIM.  This integration of SPIM and the editor will enable the user to debug and view effects of code changes quickly without having to save first and open an external window.  

H.
One of the editing features will be tips appearing regarding MIPS code syntax as to what should come next (i.e. “register” should come after an instruction).  These tips will appear and update dynamically as the user is coding. This aids in learning the MIPS syntax for beginning MIPS programmers.  There will be the option of turning these tips off for more advanced MIPS users. 

Figure 3.2: Tool Tips
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The above figure demonstrates the tool tip feature.  When a user reads a code and forgets the actions of a certain MIPS instruction, highlighting and placing the mouse cursor over the operator will display a tool tip.  There has to be at least a 1 second time lapse of the cursor being over this highlighted region in order for a tool tip to show up.

3.2 Hardware Interfaces
In general, MIPSinEclipse requires whatever is necessary for Eclipse to function.

This means it can run on Linux, HP-UX, AIX, Solaris, QNX, Mac OS X and Windows based systems. However, the debugging client requires a Linux/Mac/Windows Operating environment. If the user’s platform is not one of these 3, then MIPSinEclipse may still function, but without any debugging support.

Specifically, MIPSinEclipse requires basic text input, usually through a keyboard. In addition, a cursor must be present at all times when using the text editor. This is so the software knows where to output the text input, as well as keeping track of which menus and actions “clicking” should produce. The user must also be able to switch between the various windows such as the file/label browser, text editor and the menu bar (refer to figure 3.1).  Both of these are typically done with a mouse. However, depending on the platform, these actions may be accomplished with only the keyboard or the mouse.

3.3 Software Interfaces
MIPSinEclipse contains 3 major system areas: The plug-in in question, the underlying Eclipse and it plug-ins, and the SPIM simulator.  Within the plug-in there are 4 general components, the macro processor, the text editor, the label viewer, and the SPIM output component. The text editor is the central module, with which the other modules within the plug-in communicate. 

3.3.1 Intra-Communication: Text Editor

· label viewer: the text editor sends the label editor the name and position of the labels, allowing it to build its label tree. The label viewer can also change the position of the cursor to the desired label in the text editor.

· Macro-Processor: the macro processor takes in a saved file created by the text editor. 

· Simulator: If the saved file contains macros, then the macro processor edits the file first, otherwise it is sent to the simulator.

3.3.2 MIPSinEclipse to Eclipse plug-ins

Eclipse contains a standard set of plug-ins created to access and modify the Eclipse GUI as well as various functions within Eclipse.  These plug-ins include, but are not limited to: Jface, workbench and text plug-in. MIPSinEclipse will have high coupling with these plug-ins, as their methods and objects will be either imported into MIPSinEclipse or simply sub-classed to accomplish:

· Adding menus

· Syntax high-lighting

· Updating the text editor

· Outputting to the console window

· Displaying the label viewer

· Others

3.3.3 MIPSinEclipse to SPIM simulator

MIPSinEclipse will create a standard MIPS source file, which will then be sent to the SPIM simulator. Afterwards MIPSinEclipse will send the output from the SPIM simulator to the console window.

3.3 Software Interfaces
There will be no Communication interfaces.

4.  System Features

4.1 Editor

4.1.1 Description and Priority 

· Description: User interface to edit and run MIPS code, and provide help tools to aid in MIPS development.

· Priority: Essential.

4.1.2 Stimulus / Response Sequences

1)  Open / create new file

2)  Type in editing window

3)  Save a file

4.1.3 Functional Requirements

REQ-1  Syntax highlighting: applies different colors to different portions of the code, including instructions, labels, registers, and macros.  

REQ-2  Code collapsing: allows the user to expand or collapse a portion of the code in order to simplify hierarchical organization of the code. (Example usage: collapse a function and hide the implementation details) 

REQ-3 Labels browser: this shows a tree display of the open files and the labels it contains; it allows a user double-click on a label to jump to that label, for easier finding.

REQ-4  Search functionality: allows the user to search for text in the code.  It can search sequentially through the file, or can highlight all particular instances of the search results.  

REQ-5 Auto-tabbing: inserts tabs to format the code for readability.
REQ-6 Auto-complete: shows the format for a MIPS instruction as the user is typing, predicts the next characters and adds completion when possible.

REQ-7 Tool tips: pop up window that appears when the user places the mouse cursor over an instruction or macro.  It provides documentation or assistance to the user.  See Section 3 for an example.  

REQ-8  Line numbering: allows the user to show line numbers, as well as move the cursor to a particular line number.

4.2 Macro Processor

4.2.1 Description and Priority

· Description: The macro processor simplifies the development process by allowing the user to define and use macros in their code.  To use the macro processor, the user defines a block of code, and gives it a symbolic name.  This name can be used in replacement of the block of code within the program being developed.  The macro processor can read this program and generate a new file with all symbolic names replaced with their defined values. 

· Priority: Medium-high.   

4.2.2 Stimulus/Response Sequences

   
1)   User defines and uses macros within program


2)   User saves file containing program


3)   User runs the macro processor


4)   A new file is created, containing the program with the macros expanded

4.2.3 Functional Requirements

The capabilities of the macro processor include:

REQ-1 Simple macros: allows exact string replacement.  Example: replace every instance of “temp” with “$t0”.

REQ-2 Macros with arguments: allows the user to define a block of instructions using arguments, which will be replaced with actual arguments when expanded in the code.  Example: replace every instance of “swap (x, y, temp)” with: 


addi temp, x, 0


addi x, y, 0


addi y, temp, 0
Where x, y, and temp can be any argument; an example call would be “swap($s0, $s1, $t0)”.
REQ-3 Include: allows the user to insert the contents from a separate file, so that the user can develop in multiple files.  Example: by typing “include fileName” the contents of fileName will be inserted at that location (this is not the actual syntax of how to use the include feature).

4.3 Simulator

4.3.1 Description and Priority

· Description: User interface to simulate execution of MIPS code via SPIM (MIPS emulator for the MIPS R2000 microprocessor).  

· Priority: Medium-high.

4.3.2 Stimulus / Response Sequences

1) Create a MIPS code file.

2) Run the macro processor if macros were used.  

3) Click buttons for run, step, and view register contents.

4.3.3 Functional Requirements

REQ-1 Run mode: user can execute the code and view the output in a dedicated output window

REQ-2 Step mode: user can step through lines of the code, enable breakpoints, and view the output in a dedicated output window
REQ-3 Register Viewing:  ability to view contents of registers and symbols while running or debugging the code

5.  Other Nonfunctional Requirements
5.1  Performance Requirements

There are no strict timing requirements for our application, and there is no need for hardware software synchronization. As a loose guideline, the macro processor should run in reasonable time, less than 5 minutes for small files, and ideally less than one minute for the scope of the programs we envision students writing.

5.2  Safety Requirements

Ideally the program should not damage the user’s operator system or crash the memory kernel or blow a gaping hole in the side of the user’s computer. Since this is a software program that does not interact with hardware or the Internet directly, there should be no additional safety concerns that need to be addressed.
5.3  Security Requirements

This program does not handle secure data, nor does it use passwords or usernames.  There’s no need to authenticate or register (for the purposes of copy protection) those using the program, as the program is open source. Thus it has no vital security functions above and beyond what is normal (that is, the program does not compromise the security of other programs concurrently running.)

5.4  Software Quality Attributes

· Extensibility – support for generic MIPS emulator shell

· Portability – support for Windows, Linux, and Mac OS

· Customizability – ability to set preferences such as colors for syntax highlighting, shell commands, macros, documentation
5.5  Business Rules


Our program doesn’t interact with very many actors or individuals.  Normally, the only actor that is involved in the program is the end-user himself performing editing functions on his own work.  Thus, he is not prohibited from performing any of the functions that the program provides him.  Nor is he prohibited from even modifying the source code itself, under the open source license.  
6.  Other Requirements

APPENDIX A: Glossary

auto-tabbing:
A feature of the text editor which automatically inserts tabs in the code for formatting purposes.  This can align all instructions and arguments for easier reading.

auto-complete:
A feature of the text editor which predicts the next characters as the user is typing.  For example, if an instruction has been typed, and the following arguments must be registers, the auto-complete feature can show a “$” indicating a register.

collapsing:
A functionality built into the text editor which allows a block of code to be temporarily hidden (with the ability to be re-expanded) and replaced by a representative name in the window, in order to make code shorter and more readable.

Eclipse:
An open-source framework for building integrated development environments as well as other applications.

label:
A name placed in MIPS code to mark a location in the code, particularly for branching (jumping).

macro:
A textual pattern defined to be replaced by another pattern (the process of replacing is called expansion).  See Section 4 for examples of how macros can be used.

macro-processor:
Performs expansions of macros.

MIPS: 
Stands for Microprocessor without Interlocked Pipeline Stages.  It is a common microprocessor with a RISC architecture, and is also the architecture and instruction set taught at most universities for computer science courses in assembly language and computer architecture.

MIPSinEclipse:
The name of our Eclipse plug-in (
plug-in:
A software component/program that interacts with another to provide a certain functionality; ours interacts with Eclipse to provide functionality for MIPS development, and can be thought of as an extension to Eclipse.

SPIM: 

A free, open-source simulator that can run MIPS code.

