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[bookmark: _Toc221608562]1.0	Overview
Fusion Control Centre’s ÜberMDX is the software behind the power Fusion Brain. It is an extremely powerful and customizable application with its own programmatic and graphical configuration options. It can be interfaced with other applications through embedding or through component object models. ÜberMDX can be controlled remotely through any web based device or locally through TCP connections. The software can be configured graphically (skinned) for both mouse input and touch input allowing for the difference in size between a cursor and a finger. Included in the default installation is Fusion Control Centre’s ÜberMDX Configurator, a program designed specifically to help write the configuration file for ÜberMDX through a simple graphical interface.
This manual will try to give you a bit of background on the program and program decisions, as well as laying out the internal structure of the application to help you better understand all the options available to you.
1.1 [bookmark: _Toc221608563]What’s in a name?
ÜberMDX is not a completely random assortment of characters; it has a meaning and a history. Beginning in 2006 with the release of Fusion Control Centre Alpha, our software has never stopped growing more powerful and more customizable. The first release was a rather strict program with very little customization and no logic what-so-ever. It could display input information and toggle output states; Nothing more, nothing less. 
When the need arose for customizability, the need for a configuration file appeared. The configuration file was extremely ordered and with the slightest error or misplaced semicolon, the entire file was rendered unusable. However once setup and working, the graphics became weighed down by the limits of GDI+ making the overall experience less than thrilling. This could display input information, toggle output states, and also draw user customizable buttons and rudimentary gauges onscreen.
This gave birth to a new version of the program, the Über series. This was the start of an XML based configuration file that provided flexibility and power by not requiring any strict order to object attributes and options. The program was divided into 4 basic sections including input, output, logic, and graphics. This fundamental partitioning of the program is what makes ÜberMDX so powerful today. The graphics (buttons, labels, graphs, etc...) are separated from the logic (variables, if/then statements, switch/case statements, boolean/numeric operations, etc...) and those are separated from the I/O (digital outputs and analogue inputs). The internal voting structure with 3 levels of priorities allows for exceptionally capable software when coupled with the above features.
Shortly thereafter ÜberXNA was released built upon Microsoft’s XNA Developer platform, the same language as used in the XBOX360. Since it was built for everything from XBOX games, to 3D computer simulations, it was a very advanced piece of software. The downside was that at the time of release, late 2007, it required many additional add-on packages to be installed on the end user’s system to even run the program. 
Looking for ease of installation, XNA was dropped for DirectX (DX). Since all Fusion Control Centre software is written in managed C# code, the only option was to use Managed DirectX (MDX) and hence ÜberMDX. 
[bookmark: _Toc221608564]1.2	Open Source
As with all Fusion Control Centre software, ÜberMDX is open source. All programs are written in managed C# using Visual Studio 2008 Pro Edition. All source files and the root project solution files are available to download at: www.FusionControlCentre.com/MDX/Source/
[bookmark: _Toc221608565]1.3	System Requirements
1.3.1 [bookmark: _Toc221608566]Fusion Control Centre ÜberMDX
· Intel® Pentium® Processor or Equivalent (1Ghz Pentium® III or above or comparable)
· Microsoft® Windows® XP Pro or Home with Service Pack 2 or Windows Vista™ Home Premium, Business, Ultimate, or Enterprise (certified for 32-bit editions)
· Microsoft® DirectX 9.0c 
· Microsoft® .NET 2.0 Framework 
· Microsoft® .NET 3.0 Framework
· Microsoft® .NET 2.5 Framework
· 256Mb of RAM
· 64Mb of Video RAM
· 150Mb of Harddrive space. (More needed during installation)
· ~5Mb for Fusion Control Centre Uber MDX Edition
· ~90Mb for Microsoft® DirectX required files
· ~55Mb for Microsoft® .NET 2.0 Framework
· VGA Compatible Monitor
· Internet Connection required for MDX Updater
[bookmark: _Toc221608567]1.3.2	Fusion Control Centre ÜberMDX Configurator
· Intel® Pentium® Processor or Equivalent (1Ghz Pentium® III or above or comparable)
· Microsoft® Windows® XP Pro or Home with Service Pack 2 or Windows Vista™ Home Premium, Business, Ultimate, or Enterprise (certified for 32-bit editions)
· Microsoft® .NET 2.0 Framework
· 64Mb of RAM
· 8Mb of Video RAM
· 4Mb of Harddrive space. (More needed during installation)
· VGA Compatible Monitor (Recommend 1400px by 1050px optimal)
· Internet Connection required for MDX Updater
[bookmark: _Toc221608568]1.3.3	Fusion Control Centre ÜberMDX Updater 
· Intel® Pentium® Processor or Equivalent (700Mhz Pentium® III or above or comparable)
· Microsoft® Windows® XP Pro or Home with Service Pack 2 or Windows Vista™ Home Premium, Business, Ultimate, or Enterprise (certified for 32-bit editions)
· Microsoft® .NET 2.0 Framework
· 128Mb of RAM
· 1Mb of Harddrive space. (More needed during installation)
· VGA Compatible Monitor
· Internet Connection (14.4kbps or faster)
[bookmark: _Toc221608569]1.4	Error or Bug Reporting
Please report all errors or bugs that you encounter to us at FusionControlCentre@gmail.com or by using the “Contact Us” tab on our website: www.FusionControlCentre.com
[bookmark: _Toc221608570]2.0	ÜberMDX Principles of Operation
[bookmark: _Toc221608571]2.1	Timers
ÜberMDX has three inbuilt and user customizable timers: I/O, Logic, and GUI. Each of these timers fire at a set interval for which the initial value can be set in the configuration file, and the interval can be changed on the fly by a vote object. Every logic block and logging instance can be fired on any timer event. And to quote Uncle Ben to Peter Parker, “With great power, comes great responsibility.” For an explanation of why, look at section 2.1.5.
[bookmark: _Toc221608572]2.1.1	I/O Timer
The I/O Timer controls the speed that the computer requests data from the Fusion Brain. It is dependent on many things, but mostly the CPU and the USB Hub bandwidth. Every firing of this timer, ÜberMDX tallies all votes that the Digital Outputs have accumulated to decide to turn on or off a Digital Output. Then the program constructs the byte stream needed to alert the Fusion Brain of the new statuses, and tells the USB driver to ship out the information. ÜberMDX then waits for a return signal from the Fusion Brain containing all input values.
If after some period of time (generally 32ms) no return message is detected, ÜberMDX considers the hardware lost. This means no analogue input values will update and on the next timer firing ÜberMDX will attempt to reconnect to the hardware which could potentially take a considerable more amount of time (~100ms) slowing down the next read until it is reconnected. If a valid byte stream is returned, then ÜberMDX begins the analysis and update of all analogue input values, updating and shifting their history as necessary. After a firing regardless of if the transfer was successful or not, all Virtual Brains are updated. 
[bookmark: _Toc221608573]2.1.2	Logic Timer
The Logic Timer does nothing internally by itself. It is however the default timer for all logic blocks created with the Configurator. It is mainly to allow more flexibility in timing when to do certain tasks. The main use is for external applications that latch onto MDX that use Component Object Models (COM Objects) because all variables and input values are transferred to the global DLL memory on firing. 
[bookmark: _Toc221608574]2.1.3	GUI Timer
The GUI Timer is rather self explanatory; it draws the Graphical User Interface (GUI). It also tallies all votes that the Display Buttons have accumulated and renders pushed, activated, non-activated, or disabled image states to the screen. 
[bookmark: _Toc221608575]2.1.4	WTF is this Important?!
 (
Figure 
1
: Standard Application
)Well you may be asking yourself why any of this is important, or what this has to do with playing with your new Fusion Brain. Simple answer is “because I said so.” Now if you want to actually know why, it goes back to one of the main features (depending on how you look at it) of ÜberMDX, the separation of these integral layers to make a complex, powerful, and dynamic application. 
If you look at Figure 1 you see that generally, you the user clicks around or enters text into some interface then that goes into the main program and based off some algorithms, the state of the hardware may or may not change. Any change in the hardware is reported back to the functions in the logic section and wait there until the functions decide to update the GUI which then you can see and click with again. It is a very linear cycle, which is heavily dependent upon previous values.
 
Figure 2: ÜberMDX Structure
ÜberMDX however takes an alternate and ingenious (if I do say so myself) approach to this and completely abstracts each layer so it revolves around a central hub as shown in Figure 2. When the user interacts with the application they are directly modifying the central hub (programmatically they are global static objects). Because the central hub is modified directly, it doesn’t matter when the other nodes get updated or if they update at all for any other given node.
For example, let say you set your variables to only update every hour inside the logic timer. That is fine and dandy, and the variables will update every hour. But what if you wanted that variable to act as a sort of latch for readings on the hour, and didn’t care about storing the value in-between but you still wanted to see the screen update with new data a few times a second? If the hardware was tied to the logic, and the user interface to the logic, then it would only update every hour. You could fake this by actually updating multiple times every second but then you waste valuable resources performing logical operations that you only care about once an hour, and you would need to implement more logic to throw away values when between certain times, but keep it between certain times and it becomes a mess fast. By separating the main layers, the graphics layer can poll the central hub as often as it likes and just grab a value, a plain old number (1, 2, π, etc...) or a simple truth (true/false) and then performs its own calculations on drawing it nice and prettily to the screen for you to see any time. And maybe the screen is going to redraw every A milliseconds, but you only want to poll the hardware every B milliseconds. That is no problem because once the hardware is polled, it stores its values and states into the global central hub for every other node to use. 
This is often one of the biggest problems for people when starting out with ÜberMDX. Because of this abstraction the timer intervals are important to note in your configuration so you can setup the best experience with your Fusion Brain.
[bookmark: _Toc221608576]2.1.5	Warp Speed!
The lower the interval, the faster the timers are fired. Since they operate faster, the hardware updates faster, the screen draws faster, and variables update faster, and so on. Now this may seem like a no-brainer, and you would try to set the value as low as possible to make ÜberMDX operate as fast as possible, right? Wrong! There is a limit and it varies from computer to computer. To use an example, we will use the I/O Timer interval.
The faster the update interval, the more code is being fired all the time and consequently the CPU usage goes up. Also bandwidth consumption on the USB line will continue to increase. Eventually a point will be reached where it takes longer for the system to initialize, send, wait, receive, and then evaluate a transfer stream then there is time between updates. This means it is still processing transmission A, when the program requests it to begin with processing transmission B. So much like homework for the not-so-studious a backup is created. It is already late on transmission A, so it doesn’t have the full time for transmission B, and so on and so forth. Eventually, the queue gets longer and longer which takes up an immense amount of memory space, all of the USB bandwidth, and most of the program’s CPU allocation so the program will freeze eventually. This is no good. You need to find the happy-time interval for your system, but on average it is between 35ms and 50ms. 

[bookmark: _Toc221590577]Figure 3: Ideal Timer

[bookmark: _Toc221590578]Figure 4: Maximum Speed Timer

Figure 5: Bad Timer
The previous three figures show examples of this. Times and percentages are for example purposes only, under normal conditions actual CPU/GPU/USB/Combination usage will be much less per timer event and will take longer to lock the program in real world applications than shown.  Figure 3 shows what one timer might look like. Each pulse uses a little bit of bandwidth, but there is enough time between events to let another device, or another program use it as well resulting in a stable and utopian system []. Figure 4 shows the maximum bandwidth you should allow the system to use. There is little to no time between events, creating a resource hog resulting in a barely stable not-so-happy system []. Figure 5 shows impending doom. The timers are firing so fast, that they are beginning to overlap. The queue never fully finishes before receiving another request to update. The net effect is a upwards see-saw of death. The time it takes to reach Armageddon is dependent on how much overlap there is between timers, but if there is any overlap at all the end result of system failure is inevitable.
With all of these figures you have to remember there isn’t just one timer running, there are three that could be either sleeping (0% usage on the graphs) or in operation. So if the three timers start overlapping each-other but not themselves, then you can create a bottleneck that way as well. 
[bookmark: _Toc221608577]2.2	Logical If/Then/Anti-Then Blocks
These all take place in the Logic section of code, and can be fired from any timer. The Logical If/Then/Anti-Then Blocks (Logical Blocks or If/Then Statements) contain most of the grunt work. The Logical Blocks are what convert between the voltages the Fusion Brain puts out and other unit-based numbers such as temperature, distance, light, and more. Basic arithmetic, boolean, and comparative operations are available to string together and create a custom evaluation function. With that function you can store to a variable and use that variable elsewhere in the logic or just display that variable on the graphics layer. 
As a general rule, since a logic section can run on any timer, if there is a variable that relies on hardware input such as a temperature sensor’s reading in degrees (as opposed to voltage) and it is used for other purposes than just display, then it should update on the I/O Timer so that it is accurate whenever something else calls upon it. If there is a variable that relies on hardware input and is only used in the GUI (such as a text label), then it should update on the GUI Timer. This is not needed and explicitly designed so that it is necessary to do so. The majority of people will find this to be the case, when they want the display to update with the current reading as fast as possible but not update when there is nothing new to display, which essentially wastes CPU power, and starts eating away at your Timer bandwidth. 
2.2.1	Functions
A similar concept in ÜberMDX is that of a function. A “function” in ÜberMDX takes in inputs (not hardware inputs, just generic arguments) and outputs either a boolean or a numeric value. It is very similar to that of a macro. It is built the same way as the Logic Blocks are, however you cannot use anything local such as variables, digital outputs, or analogue inputs. Those are usually what is passed into the function. Using the temperature sensor as another example, to convert between voltage and degrees we offer a temperature sensor function with ÜberMDX. 
[bookmark: _Toc221608578]2.3	Configuration File
Every time ÜberMDX is launched, it reads from the FusionConfiguration.xml file. As the name implies, that is where the configuration settings are stored. The file is stored as a regular XML encoded file and can be opened in any editor such as Notepad, or of course in the Configurator. The file is broken down into these major sections: Require, Speech, General, Graphics, I/O, and Logic. 
2.3.1	<Require />
The Require section is similar to the “include” or “using” statements in C languages, that basically bring external source into the local source as if it were its own. Fonts and functions are declared within the require section. They can then be referenced in the rest of the configuration file by a local name so the whole contents of the file don’t have to be repeated over and over.
2.3.2	<Speech />
The Speech section is used for voice control configuration options. There are options to enable or disable speech altogether as well as completely customize how and what you ask as well as what sort of response you will get back through the Text To Speech (TTS) features of Microsoft Windows.
2.3.3 <General />
Various general purpose options are configured in this section. The COM object, TCP remote control, and debug options are all available in this section. 
[bookmark: _Toc221608579]2.4	Voting
[bookmark: _Toc221608580]2.4.1	Priorities
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