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Project Overview
· Team Members

· Matthew Lewellyn 

· Ben Sprague 

· David Knierim 

· Purpose 

This program will be used in Digital Logic Design labs and to assist students in completing homework assignments and learning the basics of Digital Logic Design.
· Application 
This program should correctly simulate the functional operation of digital logic gates and other specified components in a functional and suitable GUI.

· Context
Cedarville University currently utilizes the Diglog digital logic simulation program in its freshman level course called Digital Logic Design. This course is required for many math, science, and engineering majors and gives students a basic understanding of what digital logic is and its many uses. The instructor, Dr. Kohl, has asked us to redesign the current digital logic simulator to make it run more efficiently. He has also asked us to add a modern user interface to make the program easier to use for students. In this project, we will design a digital logic simulator to meet the school’s current needs.
· Customers
· Dr. Kohl

· EGCP 1010 Digital Logic Design students

Requirements

Overall Features

1) User Interface

a. Glow-Mode

Glow mode is a way to show the operation of the circuit to the user during simulation. In this mode, each of the wires is color-coded to indicate its logical state. This feature is one that is used extensively in the digital logic design class. This feature helps students learn digital logic design and is essential for our program.
Glow mode must be tested visually in order to verify that the proper colors are being displayed.
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Glow Mode: Wires Show logical high, low, or disconnection during simulation in Diglog. See original document for color depiction of graphic.
b. Oscilloscope mode (Low Priority)

Oscilloscope mode will provide a waveform representation of a circuit over a user-specified period of time.
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Oscilloscope mode may be tested by comparing the generated waveform in our application with a waveform generated by an identical circuit in DIGLOG. The oscilloscope will have all inputs and outputs of the circuit and will be graphed using a specified interval of time that is appropriate to show how the circuit operates. See user scenario “Simulating Circuit” for more information.
c. Schematic rendering of circuit 
This program will graphically simulate digital logic circuits using IEEE gate-level symbols used in standard logic schematics. This will look similar to the circuit figure above used to illustrate glow mode. 

d. Palette

i. Drag gates onto palette to use over and over without accessing library

This program will have a panel in the main window containing thumbnail images of gates that may be dragged and dropped onto the circuit canvas. This palette will be changeable because any library component will be able to go into the palette, but there will be a limited number of palette spaces available so not all of the library components will be able to be in it at once.
ii. Hotkey link to each item in the palette (Low Priority)
Each position in the palette will be linked to a key combination (for example, the keys 0 – 9) so that the user can instantly summon the part of that type without requiring any mouse input.

iii. Save palette option (Low Priority)

This program will have the ability to save the current palette configuration for later reuse.

e. Constant simulation
Our program will constantly be simulating the circuit so that it the user can immediately see the effects of the changes they make to their circuit.

f. Print

i. Ability to output bitmap of circuit to either a file or printer

ii. Ability to copy bitmap of circuit into clipboard to be pasted into a word processing document

iii. Ability to produce formatted output with date and time stamp (Low Priority)
iv. Print Preview (Low Priority)
g. Navigation

i. Scroll  bars for circuit windows

1. Keyboard scrolling

a. Arrow keys or other combinations may be used to pan the display of the circuit

2. Mouse scrolling

a. Scroll bars will be provided for vertical and horizontal panning of the display of the circuit
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ii. Zoom features 

1. Fit circuit to window

The circuit will be scaled to fit the current window size

2. Zoom rectangle

A rectangle may be drawn with the mouse and scaled to fit the current window size

3. Make circuit elements scaled correctly (vector graphics, etc)

Scaling a circuit will retain smooth line-drawn components on the canvas, rather than blocky bitmaps

4. Labels scale well

Text of labels will remain in close proximity to the objects they represent, even while scaling and will remain readable and appropriately sized for the items they annotate.
iii. Group functionality

1. The user will be able to select multiple gates/objects/wires and assign them as a group that may be manipulated and moved as a unit.

iv. Multiple paged circuits (Low Priority)

1. Excel-type worksheet tab  - single open GL canvas

v. Mini-map of circuit (Low Priority)

The user will be able to select a portion of the virtual canvas on which to draw the circuit, as in some photo-editing applications.
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vi. Undo/Redo feature (Low Priority)

The undo/redo feature will provide roll-back functionality for the user as available in a standard Windows program.

h. Wire Handling

i. Rubber Banding – Wires connected to parts stay connected to part when the piece is moved

ii. Wire routing should be adjustable without requiring the wire to be deleted and redrawn

iii. Wires will remain in a “Manhattan” style layout. Wires will only be arranged in vertical or horizontal directions. No diagonal wires will be allowed in the program.

The following Wire handling ideas are subject to modeling and experimentation and must support the main items above.
iv. Selection Of Wires

1. Auto-select whole wire

a. The UI will indicate that the whole wire has been selected when clicking on one part.
2. Cut out whole section of wire

a. Wires can be split by removing a piece of the wire and then connecting the other parts to other places.
3. Wire naming/buses

a. Wires can be given names for reference in To and From pointers.  In this way the wire may be connected without physical proximity.  Also, wires may be grouped in buses and similarly named and referenced.

4. Easily move selected wire

a. Selected wires may be moved around, rerouting the wire scheme will retaining connection points.
v. Snap wire to object  – If part is dragged up to the connection point of a wire, the wire stays connected to the part

vi. Auto-Connecting of overlapping wires

1. Click on junction between two wires to connect (wires do not auto-connect)
2. Easy wire disconnect

3. Only end point of wire is a connecting point

2) Logic Core

a. Functional simulation of complex components.
A property page will be displayed for functional simulation components, such as the frequency of a clock

i. Counters

ii. Flip – Flops

iii. Clock

b. Hierarchical simulation capability (Put multiple subcircuits in design)
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The Servo-Core component shown in main.bdf is a hierarchical block defined in servo_core.bdf
c. Gates included will be 

i. Primitives: AND, OR, NOT, NAND, NOR

ii. Memory: D Flip-flops, JK Flip-flops

iii. Multiplexer: 2x1, 4x1, 8x1
iv. Decoder: 2x4, 3x8, 4x16

v. Inputs: clock, toggle switch, hex keypad

vi. Outputs: Hex display

vii. Counters: 4 Bit Binary, 4 Bit Binary Coded Decimal

d. 5 State Logic
The five following states will be displayed within the Glow-Mode function.  0 is the logical low, 1 is the logical high, uninitialized is an unconnected input/wire, high Z is high impedance (such as the output of an disabled tri-state buffer, and conflict indicates a wire that is driven by two components.

i. 0

ii. 1

iii. Uninitialized

iv. High Z (Floating)

v. Conflict

3) File System Features
a. Load/Save dialogs
i. Standard OS dialogs for load/save

ii. Circuit files – The user will be able to save:
1. Circuit definition

2. Functional object (clock, etc) properties and settings
3. Toggle switch states

iii. Palette files (Optional)
1. The user will be able to save and load configurations of user palettes.
4) Installer

a. The installer will provide a wizard-driven interface to set up the program on a target computer.  The installer will be in a familiar style (such as Windows Installer) and provide all necessary components and dependencies for using the application.
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5) Documentation
a. A Quick-Start guide will be provided to detail the user interface for circuit editing and configuration, as well as simple simulation and output.  Instructions for installation will be included.

b. A user’s manual will be provided to detail the main features of the application including installation, editing, adding gate definitions to the library, customization of the palette.  The manual will contain screenshots of operation.
User Scenario: Creating a circuit and saving it

Goal: To create a simple digital logic circuit and save it to disk.
Actors: Digital Logic Design student (Ellen)
Scenario:
1. Ellen uses Windows to open the program. She is presented with the main menu & toolbar, an empty editing canvas for a new circuit, and the default palette of circuit components.

2. She selects an AND gate from the palette by selecting it with the mouse and dragging the item out into the schematic canvas and releasing it. The gate is outlined in some fashion to mark it as the currently selected gate.

3. Using standard copy key <Ctrl-c> she copies the gate into the clipboard, and then selects the “paste” command by <Ctrl-v>. Another AND gate appears under the mouse cursor and moves around with it until Ellen clicks somewhere in the canvas to place the new gate.

4. In a similar fashion, Ellen adds three on / off switches from the palette to the circuit.

5. By clicking on the output pin of one of the on / off switches, she starts creating a wire. The wire runs from the pin directly to the mouse cursor as the mouse moves around, and is grayed out in some fashion to indicate that it has not been placed yet.

6. Ellen clicks on the input pin of one of the AND gates and the wire releases from the mouse cursor and links to the AND gate. The wire changes so that it is no longer grayed out, because it is now a part of the circuit.

7. Because she doesn’t like the way that the second AND gate is placed, she clicks the gate and drags it to a new position. The wire attached to it redraws itself without disconnecting from the gate.

8. After filling in the rest of the wires, Ellen clicks the “Save Circuit” option from the “File” menu, and chooses a file name from the standard Windows “Save As” dialog box to save her work.

Open Issues:

1. Should wires be allowed to be created independently of gates, or can they only exist when they are connecting one gate to another? Perhaps create “link locations” or dummy components that serve as wire anchors?

User Scenario: Opening and simulating a circuit

Goal: To open a previously saved circuit and simulate it
Actors: Ellen
Scenario:
1. Ellen clicks on the Open button on the toolbar. She is presented with the option to save or discard the changes to her previous circuit because it will be overwritten by the “Open” command.

2. She chooses to eliminate her old changes, and is presented with the standard “Open File” dialog.  She dutifully navigates to the proper directory for her circuit file, selects the file, and clicks Open.  The circuit is opened and replaces the previous circuit.

3. Immediately after the circuit finishes opening, Ellen adjusts the position of a large group of items in the circuit by dragging a selection box around them and dragging them all to another area of the canvas.

4. Ellen’s mischievous roommate, Meg, suddenly decides to throw a pillow at her, missing Ellen completely and landing squarely on the “Delete” key. Unfortunately for Ellen, the large section of her circuit that was already selected gets immediately deleted by this keyboard shortcut.

5. Ellen clicks the “Undo” button on the toolbar, and it reverts the delete function, restoring the circuit to it’s original condition.

6. Ellen toggles several on / off switches by clicking on them in the circuit, and the wires in her circuit change color to indicate that the wires’ logic states have changed. This behavior is similar to the way that DigLog’s “Glow Mode” works, as described in our outline of requirements above.

7. Convinced that her circuit is now correct, she decides to do an oscilloscope capture. She clicks the oscilloscope capture button on the toolbar and an oscilloscope window appears, immediately tracking the logic state of all wires with “TO” (or sending) components.

8. Within the oscilloscope capture window, she can click a “Play” or “Stop” button to record sections of time while the circuit is running. Each time “Play” is pressed, it resets the oscilloscope window and starts recording again.

9. Once she is satisfied with her oscilloscope capture, she can copy a bitmap of this capture to the clipboard, to be included in her lab report.

Open Issues:

1. Waveform creating is an optional feature, and is dependent on the completion of higher-priority features.
User Scenario: Printing and submitting the assignment
Goal: To print and submit a completed assignment
Actors: Ellen, the DLD student. Dr. Kohl, the DLD instructor.
Scenario:
1. Ellen uses Windows to open the program and then proceeds to build the circuit needed to satisfy the requirements of her assignment.
2. She then selects the “Print Preview” option from the “File” menu. 
3. From the print preview dialog box, she selects that date/time stamp to be added to the document and puts a custom header on the print-out that contains her name, professor submitted to, class submitted for, and assignment title.
4. She then presses the print button from the print preview dialog box and the document is printed to the selected printer.
5. After printing the document she realizes she needs to add some more descriptions to the document.

6. She chooses the “Capture Circuit” option from the “File” menu and the fully formatted circuit is saved to the clipboard.

7. She then opens Microsoft Word and pastes the circuit schematic into a new document  and adds the descriptions necessary to the document.

8. She then prints her document, closes Microsoft Word, and then closes the program.

Open Issues:

1. Should the additional options for printout such as the date/time stamp be available to be selected in the “Print Preview” dialog box or in a separate dialog box?
2. Should a “Print Preview” option be included in our final project?
Special Considerations for the First Iteration

The above features in this document are specifications for the final program. In the interest of defining our goals for this semester’s iteration, we have provided the following reduced and modified feature set that we will provide for iteration one.

This list lays out a simplified set of features to allow us concentrate on achieving a functional model of the application during this first iteration. For example, wire handling is greatly simplified, in order to focus first on getting wires to work correctly, and delaying the more advanced wire routing schemes until our baseline application has been created and tested.
Iteration One Features
1) User Interface

a. Glow Mode

b. Fixed palette

i. Basic Gates - AND, OR, NOT, D-Flip Flop, Clock, 4 x 1 Mux, On/Off Switch

ii. Toolbar from which gates can be selected

c. Gate Display

i. Ability to place gates on schematic

ii. Ability to connect wires between the gates via straight line wires

d. Constant Simulation

e. Print

i. Ability to output bitmap of circuit to either a file or printer

f. Non-scrolling or zooming canvas

g. Wire Handling

i. Click on wire selects the wire

ii. Wires are always a straight line from one input to one output

2) Logic Core

a. Separate thread from GUI for responsiveness from GUI

b. Gate Delay

i. Single gate delay

c. Functional simulation of complex components

i. Flip – Flops

ii. Clock

iii. 4 x 1 Mux

iv. On/Off Switch

d. 5 State Logic

i. 0

ii. 1

iii. Uninitialized

iv. High Z (Floating)

v. Conflict

3) File System Format

a. XML storage

i. Database management

1. Searchable

2. Sortable

3. Editable

4. Portable

5. Extensible 

b. Load/Save Interface

i. File Dialog Boxes
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