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Part 1: Project Description

A. Definition and Requirements: “This is what I started with”

a. Implement virtual signals on the screen to reflect the current state of the layout.

b. Implement virtual signals in each CAB to reflect what each train would physically see as it passes physical signals on the layout.

c. Redesign the CAB's human interface so that it is useful.

d. The signaling system must reflect trains running from interactive CABs as well as from a stored program (batch file).

e. Implement existing deadlock avoidance, detection, and removal algorithms for trains controlled interactively.

f. Implement learn and playback modes for the CCR that records an interactive session for playback as a stored program (batch mode).

B. Solution(s): “Here is what I did” – The solutions are not going to coincide with the matching definitions and requirements because Dr. Pankratz and I decided during the course of the project that different thing were either necessary to do or outside of the scope of the project.  I will address each of the requirements listed and tell what the situation is with each and add additional solutions that I came up with for the additional requirements.

a. The virtual signals would not be displayed on the track layout due to overcrowding.  
b. This is completely done.  Obviously this is the core of my project to have the trains able to see what the light is when it gets to a particular section of track.  I designed and implemented a data structure which would contain the values of all of the lights on the track.  The lights would be updated based on a timer by checking the status of each of the trains and changing the lights accordingly.  The OnPaint function in the train control is in charge of checking the data structure and actually painting the lights on the screen.  
c. I added a couple of buttons to the train control so that the train is able to toggle the turnout when it gets to it instead of simply switching the turnout and I also added functionality to the change direction button to allow it to unblock the trains.

d. The batch file protocol was essentially ignored because the design of the traffic lights gave the user the opportunity to act based on the status of the lights.  It is supposed to allow the user to be more interactive with the trains but provide a basic safety net to not let the trains crash.  The lights would be essentially worthless with the way that the batch file protocol was designed because Laura avoided deadlock rather than recovering from deadlock and the trains would not get close enough to have the lights matter.  They would never have a situation where the red lights would be needed because of the trains.

e. There really wasn’t any deadlock recovery or avoidance already implemented for trains controlled interactively.  One major issue that Jeremy was facing was that the trains could not recover from deadlock once they were blocking each other.  I have fixed this issue to allow the trains to be able to reverse out of deadlock.  The avoidance is actually what my project is designed to do.  The lights are a way of warning the user interactively that the next section of train is not able to be gotten because of a red light or that it is dangerous but not impossible to enter the next section because of a yellow light.
f. Again, because of the lack of use of batch mode in my project, the playback would not be implemented.

g. Adjusting Jeremy’s code to be able to reverse out of deadlock was an additional requirement added to my project.  I moved some of Jeremy’s code to update the values contained by each train so that the status of the trains was updated even when the trains became blocked.  When the user attempted to reverse from deadlock, the train would have an accurate idea of where the train actually was and be able to adjust the values properly.  
h. Allowing the user to toggle the turnout instead of simply changing the turnout automatically was and additional requirement added to my project.  This was the cause of many headaches for me because of the ability to toggle a turnout by a train while another train was actually on the turnout.  I decided to use a semaphor to block each of the turnouts once it had been allocated to a train.  When the train released the turnout, the semaphor would end and the turnout could be reallocated and toggled if needed.
C. Exceptions: “This is what I didn’t solve”
a. The lights and the data structures behind them seem to be functioning correctly with the exception of when the photocells are triggered by a flash of light.  That is something that I really cannot avoid.

b. Most of the issues with my project are the additional requirements and special circumstances that come up because of the adjustments that I made.  When a train is reversed out of deadlock, it will be completely fine unless you turn the train back around again to put it back into deadlock.  I would have like the train to continue back to the photocell that it was blocked at in the first place, but this does not happen.  It simply blocks the train after you turn it around and the other train then becomes active because the resources were deallocated from the train that turned around and given to the train the was requesting the resource.  This is obviously a major issue but I have no solution for it.

c. There may be other bugs associated with changing direction mostly, but also toggling turnouts which I have not found.  The changes that I have made give the train user more flexibility, but it also allows more problems to occur because of it.
D. Methodology: “Here are the methods, techniques, designs, experiments that I used”
a. In starting my project, I dove right into the code and started playing with it and making adjustments in it to see what each thing did.  The documentation was not the greatest, plus being able to use and adjust code would give me a better idea of what each bit of code actually did.  

b. Next, I began designing data structures to store the value for each of the lights.  This was a very pivotal part of my project as the design made the coding, adjusting, and accessing of the lights much easier.

c. Then, I came up with rules as to what each light would be given the situation and location of each train on the track.  I decided that yellow lights would mean that there was a train that was two sections away in the direction of where the train was going.  A red light would mean that there was a train in the next section or that a turnout was not allowing the train to continue any further.  A green light would mean that neither of these situations occurred.

d. Then, I actually had to decide how to set the lights to be this way on the entire track.  I decided to simply block sections of track by setting the lights which would be seen by another train attempting to enter the section where a train was residing to red.  I would set the next lights outside of these to be yellow.  I would also scroll through the lights to see if the turnout was needed and set the lights accordingly.

e. The next step for me was to work on the additional requirements that Dr. Pankratz gave me.  I tried to move some of Jeremy’s code around as well as adding code of my own.  There were and still are many bugs to work out.  Much of this coding was simply adjusting, testing, and reviewing code.  There were too many parts being called in too many classes to know exactly what each bit of code was going to do.  Consequently, I found myself seeing the results of what happened and searching for what caused it to happen.  This was also important in making me better understand how things were being called and when they were being called.
f. The above parts are the general order that I divided my project into in order to have landmarks for my work.  As far as strategies, I definitely tried to tinker with the code first, then draw up a plan, then attempt to implement it.  Working with Dr. Pankratz on the logic behind the lights was very helpful to me.  Often times, he would have suggestions for me which would trigger something in my brain and I would then have suggestions or additional ideas which would trigger more ideas from him.  It was this back and forth of ideas that made the biggest breakthroughs in the project. 

g. Another very interesting concept for me was the source of many of the ideas that I came up with.  When I would sit down and try to brainstorm for ideas, I was often just spinning my wheels.  It seemed like the answers just came to me when I was sitting in class or driving my car or eating lunch.  It was important for me to just write down whatever I had whenever the idea came to me.
Part 2: Demonstation

A. Here is my solution and some experiments that show how it works.
B. My demonstration will include two parts.  First I will demonstrate my solution with one train and stop the train as it goes to demonstrate the status of the lights.  After this, I will use two trains and do the same thing.
Part 3: Q & A

A. Be prepared with documents, diagrams, figures, code listings, more demonstrations, power point slides, etc. to help you explain your research and solution at every depth and detail.  Remember, the more visuals and the less code/text makes a presentation the best
B. I will have the matrices of my data structures, state diagrams of what the lights will be at each position, code for certain functions, and pseudocode for my light manager.
Part 4: Learning and Development Process
A. Strategies: My best learning techniques.  Where and how I found my answers.
a. I don’t think any of my solutions came from research.  Most of them came from logic more than anything.
B. Knowledge: These CS concepts proved most helpful for this project.
a. The designing of data structures I found to be especially helpful because that was the core of my project

b. The creation and relation of classes allowed me to break my project into smaller, easier to understand parts.

c. Allocation of resources

d. Deadlocking and recovery from it.

e. Event programming and the use of interrupts and polling.

C. Extensions: The senior who will take over my project next year should consider these enhancements, and extensions as further research.

a. I would think that my algorithm for setting the lights would be a good way to block or unblock trains.  Instead blocking the trains when they became deadlocked, you could block them when they had red lights.  You could slow down the trains or cap their speed when they have yellow lights.  And having a green light would simply allow the trains to continue.

b. There are still issues to be worked out with the trains being blocked and unblocked.  

D. Advice: Any advice for next year’s seniors?
a. Everyone says start early, so I won’t say it, even though you should.

b. Come up with a strategy early and try to stick to it.

c. Keep the professor in the loop of your project.  Many issues will be solved more easily if he understands what you are doing and the problems you’re running into.

d. Try to devote large chunks of time.  This is not easy stuff and sometimes it’s hard to get in the groove.  Once you do, keep it going and get some work done.
