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Tuesday, 21 Jun 2005

0800 – 1620

1620
Today, I met with Mr. Charlie Morin and my fellow Summer Mentorship student, Anna Brown.  I reviewed the general purpose of the Defense Threat Reduction Agency (DTRA), and what role it plays in different scenarios.  I learned about the different software DTRA uses, including the one I will be working the most with, the Hazard Prediction and Assessment Capability (HPAC) software, which analyses the effects of different weapons in different scenarios.

I also learned a lot of key acronyms/abbreviations, which I will note here for future journal use:

· WMD – Weapon of Mass Destruction.
· WME – Weapon of Mass Effect.
· NBC – Nuclear, Biological, Chemical.
· DTRA - Defense Threat Reduction Agency.

· HPAC - Hazard Prediction and Assessment Capability.

· TDOA – Technology Development: Operational Applications Division: WMD Assessment & Analysis Branch.

· WME BL – Weapons of Mass Effect Battle Lab.

· CNNTR – Center for Special Weapon Effects, NBC Threats, Technology Transfer and Resources.
· UNet – Unclassified Network.

I also spent extensive time researching the current capabilities and future plans of the Sensor Geometry program.  This application takes a defended area, and simulates a biological or chemical attack on the area.  It then tests different configurations of sensors to determine which arrangement is most effective in detecting the threats.  The plumes are represented by isosceles triangles, whose dimensions are based off of HPAC simulations of different plumes.
I was able to look over the source code for this program, where I discovered the high use of object oriented programming in its creation in C++.  I also had access to the Java source code, which, although currently incomplete, also uses a similar approach to building the program, which allows easier revisions to the program later.

In my reading of the reports on the initial results of this program, I learned about the problems that such a sensor system faces.  First, false positives and negatives must be avoided, and is therefore difficult to decide how many alerts must be sounded before a threat is declared real.  Obviously, as the number of sensors needed to trigger the alarm goes down, the detection ration goes up, but unfortunately, the number of false positives will also go up.  Additionally, all digital modeling done assumes that sensors will always go off correctly; however, there will inevitably be occasional mechanical malfunctions in real life.  However, there is no way to correct for this.

A number of assumptions must be made for the modeling to be feasible:

· Plumes will be triangular shaped.

· Winds will be constant.

· Sensors will never malfunction.

· The agent release area will be circular or rectangular.

· The defended area will be rectangular.

· No agents will be released within the defended area.

I would be interesting in my work here to attempt to eliminate some or all of these assumptions to create a more realistic and useful simulation.
Plan for tomorrow
· Begin translating Sensor Geometry to Java.

· Start training on HPAC.

Wednesday, 22 Jun 2005

0805 – 1615
1610
Unfortunately, the HPAC training was still unavailable today, so I instead dedicated myself towards converting the modeling section of the Sensor Geometry program from C++ to Java.  I elected to start from scratch, rather than using the classes that had already been translated.  I did so both for program consistency (I prefer method names such as getCoordinateValue() instead of Get_Coordinate_Value(), in keeping with Java semantic conventions), and also because I had many ideas that would make the programming a lot easier that would not be compatible with the current work that had been done.

I started out by creating some general classes, which had not been done in the C++ code.  For example, both Triangle and Rectangle now inherit from Polygon, and IsocelesTriangle inherits from Triangle.  This use of inheritance allowed me to move many methods to the polygon class, where they can be generalized and used in all polygons.  I therefore moved important algorithms, such as the contains method, which tests whether a point is in a polygon, and the intersection method, which creates a polygon formed from the intersection of 2 other polygons, so that any polygon can now use them.
I also translated other geometric classes into my new modeling code, including Line and Coordinate, the latter of which now extends from the default Java class java.awt.geom.Point2D.Double and uses all of its methods.  I originally intended to use a PolarCoordinate class, but found it was unneeded: I left that class in the package, however, for potential future use.
I was able to simplify many of the algorithms originally used in the C++ code.  The one changed the most is the intersect method, which finds the intersection between 2 polygons.  After finding all the coordinates at the corners of this new polygon in the same way, all I had to do was sort it, as I had redefined the compareTo method in the Coordinate class to sort by angle.  This greatly shortened this method.  I used similar Java-specific tricks in some of the other methods.
I translated some of the other utility classes, Histogram and SensorGrid, and added one, SensorConstants, which allows all of the classes in the project to store their important constants in one place when all classes can access them.  I removed 2 classes in the conversion to Java, the TrialList and Coordinate_List classes, which I found were unneeded, as they could easily be replaced with full functionality by simple arrays.
I also changed the way that the important Scenario and Trial classes interact.  In the C++ version, the Trial was used mostly as a storage space, and the Scenario ran all of the methods on the Trial.  I moved many of these methods to the Trial class itself, which allows the Scenario to be effectively independent from the Trial, making any later changes easier to implement.

Currently, I believe the modeling code is fully functional, although I am unable to test it, as the java SDK on this machine does not fully work (the CLASSPATH has not been set, and I’d rather not play around with it), and there is no Java programming IDE for my use.  I therefore have been coding in Notepad, and although I am sure there are many minor errors, the general structure should be complete.
Near the end of the day, I was able to access HPAC, and experiment with its capabilities.  I found it to be intriguing, how realistic it is, but unfortunately, with the current level of knowledge I have, I am unable to access many of the advanced features.  I look forward to seeing what it can do in the future.  One thing I did notice, however, was that the plumes were almost always ellipses rather than isosceles triangles.  I would love to figure out a way to implement ellipses into the Sensor Geometry program as the plume shape.

Plan for tomorrow

· Build Java GUI for Sensor Geometry.

· Test current modeling code.

Thursday, 23 Jun 2005

0815 – 1635
1200
Now that I have received a CNTTR login and can permanently store files on the server, I began work this morning by working on a GUI for the Java version of Sensor Geometry.  I designed how the GUI should be laid out by examining the C++ version, then built it, although I made many mistakes along the way, and had to redo many sections of code.  I researched Actions in the Java Tutorial online, so that I could avoid having to write multiple methods to accomplish one task, and had much luck in my efforts, as the toolbar, menu bar and key shortcuts all call the same method to do the same thing.  However, I later discovered that Java includes support natively for Cut, Copy, Paste, and Undo commands, and had to remove some redundant code.

At this point in time, therefore, the conversion of the model and the GUI is effectively done.  However, the 2 cannot currently communicate.  I will be unable to build this communication bridge today, as the computer I am working on has no Java compiler, and I am thus unable to test either the model or the GUI.  This afternoon, I hope to be able to begin the HPAC tutorial, and I will compile and test my Java conversion at some later point in time.

Currently, there are 6 major classes used in the GUI:

1. SensorDriver – Executable class to create frame.
2. SensorFrame – Main frame

3. SensorDesktopPane – Holder for internal panes

4. SensorInternalPane – Main windows

5. SensorDisplayPanel – Panel in main window

6. SensorDrawingPanel – Diagram area

Eventually, the bridge between the Model and GUI sections will connect the SensorDisplayPanel with the Scenario.

Tomorrow, I need to ask about installing an IDE (preferably Eclipse) on the system, as well as installing the JDK on the system so that I can compile and test my code.

1545

I was unfortunately unable to begin the HPAC tutorial today, as the registration is still not complete, but I was able to gain some experience with one of the other programs used here in the WME BL.  I met with Mr. Roger Cooper this afternoon regarding the ASOCC program, whose acronyms I will now list:
· ASOCC - Area Security Operations Command and Control

· CRASOC – Coalition Rear Area Security Operations Command and Control
· DCTS – Defense Collaboration Tool Suite

· ACTD – Advanced Concept Technology Demonstrations

Mr. Cooper made a few phone calls and learned where the current efforts to gain e-mail addresses had stalled, as these addresses are needed to register for the training sites he would like us to work on.  He demonstrated the current web based ASOCC system (The Incident Management Section, as opposed to the Visualization and Collaboration sections, which he also showed briefly).  He requested that Anna and I register for the training for this program so that, in addition to my mentorship, we could also aid him in the testing of this program.  He also suggested that we work to get a security clearance.
After he left, I returned to the work station in the Battle Lab, and began configuring Microsoft Outlook, as I now know that I will both be receiving an e-mail address and be working with multiple people, and I would like to use this program to keep organized.  I configured it as best I could.
I now will return to my Java translation for the remaining time in the day.
Plan for tomorrow

· Complete Sensor Geometry translation.
· Get e-mail address.

· Complete requested training registrations.

· Progress in training pages.

· Meet returnees from West Point.
· Install IDE/JDK.

Friday, 24 Jun 2005

0815 – 1645

1645

Today, I worked mostly on getting all of the registrations and usernames sorted out.  I am finally registered for almost everything I need.

I also got an introduction to the projects Anna and I will be working on this summer from Mr. Gardner, who explained the concepts behind both my project (Sensor Geometry) and Anna’s. 
Monday, 27 Jun 2005

0815 – 1620
0945

Over the weekend, I debugged and made a few minor changes to my Java version of Sensor Geometry, which now has a partially functional GUI.  Unfortunately, the actual model currently fails, as it does not detect whether plume spawns intersect anything, or even are inside the rectangle.  I still do not have a JDK here, so I cannot test the few changes I made to the program to see if they fix the problem: I hope to get the JDK and NetBeans IDE installed sometime today.

1610

Got Eclipse and the JDK installed today, and made some major changes to the program, which now (mostly) works.  There are a few performance crippling bugs, where the sensors are not placed in a certain region, and the area of intersection is not outlined.

Mr. Gardner also gave us a textbook to look at about Operations research, and had us install a decision making program, which we experimented with.

Plan for tomorrow

· Start HPAC training

· Fix bugs in program
· Look over textbook

Tuesday, 28 Jun 2005

0815 – 1620

1045

I started out the day by completing Chapters 1-4 of the HPAC training, which had a few interesting moments, but was mostly filler and repetition.
Later, I found the bug in the program that made sensor placement non-random – I copied the “Contains” method incorrectly, and my mistake only showed itself in 1 out of 9 cases, so it was hard to notice.  I don’t understand why the algorithm needed the change I made, but it fixed the problem, so I will ask Dr. Gunn when he arrives (tomorrow?).
The only major bug remaining now is the area bug: I will have to work on that later.  I plan to begin the dialog creation now.
1600

The area bug still remains; I plan to find that tomorrow.  I nearly finished the dialog, which I changed to a tab on my JTabbedPane: In addition to making it look neater, it is also WAY easier to code.

Later, I worked on an optimization analysis of the Sensor Geometry problem using the original program.  The objective was to determine what margin was best.  I concluded that for Scoring functions without area weights (using 500 trials and standard values), .5-1.5 was the best margin, and with area weights, 2.5-2.75 was the best.  This optimization is limited, as it was run for very restrictive conditions, but the procedures I learned should allow me to code an automated optimizer later.

Finally, I also worked on the Decision Analysis example, which I used colleges for.  Interestingly enough, RPI and MIT ran away from every other college, but the 2 of them were very close together (with MIT holding a slight edge in Quality of Education and RPI a slight cost advantage.)  I think tomorrow I will do a different scenario, one that allows me to use more advanced features, such as probabilistic functions.

For the rest of the day, I will look over the textbook Mr. Gardner provided.
Plan for tomorrow

· Find area bug
· Finish configuration

· Complete sensor creation algorithms

· Finish 2 lessons in HPCA training

· Meet Dr. Gunn

Wednesday, 29 Jun 2005

0805 – 1625
1600

I spent most of today perfecting the program, although it is certainly not perfect yet.  There is still a rather major bug in either the area or the intersection algorithm, which I will search for tomorrow.
I finished up the GUI today, adding in all of the features from the original.  Interestingly enough, when discussing some changes with Dr. Gunn, he mentioned a few things he wished that he could have done with the original that I had thought of as I was coding the new one, including tabbed windows instead of putting everything on one page.  I also made a few aesthetic changes, so that parameters that can change appear in yellow, and those fixed and uneditable appear with a black background.

The final changes I made to the program were the translations of a few sensor placement algorithms from the C++ original to the Java code.  All 7 arrangements are now available and functional in the new program, without any of the limitations placed in the original (50 sensors and 500 test cases has been changed to 500 of sensors and 10000 test cases, although these can be easily edited.)

I used the decision making program again today, and found many new features, including an interesting comparison chart that compares the differences between difference alternatives, which I ran on my college comparison between MIT and RPI.

I also explored the program Mr. Gardner gave us, which is about half finished with the data values.  I looked through it and found some entries that seemed counter-intuitive, so I will ask for clarifications on those tomorrow.

Plan for tomorrow

· Find area bug

· Work more with Decision Making

· Read more of the textbook

Thursday, 30 Jun 2005
0800 – 1320
1310

I am leaving early to attend my dad’s promotion ceremony.  Today was mostly spent coding up a workable GUI for the Sensor Geometry Optimization program.

Friday, 1 Jul 2005
0800 – 1545
1300
Today, I worked on creating the GUI for the optimization system used in the Sensor Geometry problem.  I also added some actual optimization, but encountered a major problem: Assuming n parameters to be optimized, with m possible values for each parameter, my algorithm (which is a complete search) is order nm, which is prohibitively long, especially when each run can take almost a second.  It is therefore necessary that I investigate other options for searching, including Taboo, Ant Colony, and Swarm methods.  As I examined these methods, I noticed they appear to be similar to the Genetic Algorithm we used in AI last year, and I would be interested to see how effective the genetic algorithm is in optimizing this problem.
After lunch, I discussed with Mr. Gardner my analysis of the data values for the Decision Making program, which he clarified.  I plan to add mock values into the program and run it both to get a feel for how it works and to provide a naïve opinion base before we get values from the experts.
1420

I have been investigating the possible use of Fibonacci numbers in sensor arrangements, inspired by Mr. Gardner’s hypothesis that the Fibonacci spiral would be the optimal placement.  Although this spiral leaves large gaps, and therefore appears to be unreasonable as a sensor arrangement, I believe the use of Fibonacci numbers in optimal packing might prove better.  The concept of optimal packing is the problem of how to place n objects into a container of any dimension, maximizing the size of the objects without having any overlap.  In our case, we might try packing n circles in a rectangle, and place the sensors at the center of each circle.  By doing so, we would ensure that there would be no areas of the base that were covered by too many sensors, and no areas that were left unguarded.  In our situation here, for example, as sensors are placed at the center of identical circles of radius r, and no circles overlap, we can be guaranteed that no sensors will be closer than 2r to each other, but since the circles are packed into the rectangle, we know that every area of the rectangle is as close as possible to a sensor.  In the limited amount I have pursued this idea, I have found it to be very promising, and I will certainly investigate this more thoroughly next week.

Tuesday, 5 Jul 2005
1035 – 1637
1100
I spent the early part of the morning at South Lakes High School, where I met with the mentorship coordinator to receive instructions and paperwork such that I can receive credit for my work this summer.

I have been considering suggesting a modification to the Sensor Geometry program outline.  I have found that the single scenario program, which already existed and which I translated into Java, should probably have a separate GUI from the optimization problem.  By having them in the same project, I can reuse the versatile code I created for the model, but currently, the optimization location in the program is awkward, and could be much more fluid.  I suspect having a separate Driver/Frame for that program would make it both more intuitive and possibly make it go faster.

On a speed note, I am certain I will need to optimize my code at some point.  Although runnable with large numbers of sensors and trials, I suspect we will need at least 2000 trials to claim true results, and when the trial number goes that high, each scenario takes a perceptible amount of time.  Although this is not at all a problem for the single scenario program, where a .2 second pause after hitting the “run” command is trivial, when we begin having to run 10s and 100s of scenarios to optimize the arrangement, a .2 second calculation time for each scenario will certainly add up.
1630

Returned from the OR meeting, where I was able to meet some of the people I hadn’t seen yet, including Mr. Jim Gerding.  I gave a quick report on my progress in translating the program, and it appears that at some point, Anna or I will have to reproduce Trey’s work from last summer to create a scaling law.  Despite the discussion regarding the possible ending of the sensor geometry project, Mr. Gardner assured me that it will not end anytime soon.
Wednesday, 6 Jul 2005
0810 – 1630

0920
This morning, I worked on fixing some of the things in my program the Dr. Gunn had suggested.  The fixed random seed, which makes reproducible experiment results possible, has now been added, although randomly generated random seeds can still be used.  I also made it so that you cannot run the experiment again without changing parameters, similar to the way the original program worked.  At some point today, I need to talk to Dr. Gunn about getting the icons he used for the main frame/window, so that I can add those in as well.

I also need to talk to Dr. Gunn this morning about filling out some of the paperwork needed for the TJ Summer mentorship program.  I told him about it yesterday after I got back from the opening session, but there is a lot of paper to fill out.

1140
Dr. Gunn said that he had used default icons for the C++ version, and suggested I work on creating my own, which I did.  I added a few new features into the program as well.  The results screen now displays the average number of hits, as well as the calculation time, which along with the random seed, is now outputted to the log.  The other major change I have made is moving the description to the same tab as the diagram (at the suggestion of Dr. Gunn).  I still need to discuss the paperwork with Dr. Gunn.
Thursday, 7 Jul 2005
0800 – 1620

1400
I worked for most of yesterday and today on adding new features into the Sensor Geometry program.  Most of them were not content-based, but were conveniences, to make the program easier to use.  New features include:

· Saving scenarios for future use.

· Loading previously saved scenarios.

· GUI Look & Feel user selection.

· Retooling of the score display.

· Removal of redundant scoring methods 2 and 4.

· Addition of power law scoring method and 1+ scoring method.

· Conversion of display code to Graphics2D.

· Addition of anti-aliasing toggle.

· Shell for printing (which still does not work)

1545
After talking more with Mr. Gardner, I began investigating the relationship between wind speed and needed spacing between sensors mathematically.  After simplifying the problem by assuming:

1. The plume will point straight at the base
2. Corners of the defended area are negligent
I was able to prove that the needed spacing of sensors is inversely proportional to the wind speed.  I then wrote up (using Word) a proof of this intuitive result, which Anna checked.  Although not ground-breaking, I hope to be eventually able to extend this result to the general case.

Friday, 8 Jul 2005
0840 – 1620
1345
I was unable to work much today on my project, as my room was being used for a classified presentation.  I thus spent much of this morning aiding Mr. Al Waitkus with the ASOCC program, which is a program under development which will be used to communicate with other military bases.  However, I did add some new features to the Sensor Geometry program, including new toggles for image quality on the menus (rather than being displayed awkwardly on the drawing itself).

I also did research on optimization methods in the books Mr. Gardner gave to me, including the simplex method.  Unfortunately, I do not think that such an approach will work for this problem: a more esoteric algorithm will be needed to properly optimize the sensor placement.  I suspect, however, that the theory behind the simplex method will work.  Find a possible sensor arrangement, and then test all of its neighbors for a better one.  This is very similar to hill climber, but I would venture a guess that this algorithm would serve as a strong starting point for my optimization program.

This afternoon, I plan to do some optimization work manually, hopefully using my new program to determine the best geometry given a number of sensors.
1520

I analyzed the different geometries this afternoon.  It appears that, when using power law formulas, the Dice 5 is best in most situations, although Uniform is preferable in extremely regular orientations, such as (N)x(N) and (N)x(N+1).  This corroborates my optimal packing theory, as the optimal packing is uniform in regular situations, but is more Dice 5-esque in most others.
1600

I presented my proof to Mr. Gardner just now.  He seemed to be impressed, and is looking over it for any major flaws.  I currently plan to present that next Tuesday at the meeting.  Dr. Gunn has left for the other building, so I will have to give him all of my paperwork tomorrow.
Monday, 11 Jul 2005
0800 – 1640
1620

Today, Ana and I finally got moved from the battle lab to the OR room.  This was a good move, and I should be settled in and ready to start coding again tomorrow.

I spent most of today attempting to generalize my mathematical proof connecting spacing to wind speed, and I finally got a definite integral to evaluate about an hour ago.  Unfortunately, Ana’s TI-89 could not get a numerical answer for this expression.  I hope to find someone online tonight who has a copy of Mathematica, and who therefore can evaluate this for me.  If the proof goes with my expectations, the answer should be really nice, but I’d like to get it mathematically proven.  Just for future reference, the integral is (in Mathematica format):

Integrate[Integrate[Integrate[1,{h,0,Sqrt[m^2/Cos[phi]^2-l^2]}],{l,0,m}],{phi,-theta/2,theta/2}]
Which I suspect (from my previous results) will evaluate to:

Pi*m2*tan(theta/2)/2

Tomorrow, hopefully with a numerical result in hand, I will write up this proof, make some changes to the Sensor Geometry, and then give a status report at the meeting both on my program and on my mathematical efforts.
Tuesday, 12 Jul 2005
0800 – 1625
1535

After looking at Mr. Gardner’s calculus book, I was able to evaluate the integral; unfortunately, it is not a nice, clean answer as the first one was, and in addition to not knowing how to analyze it, I also could not verify my answer through the model.  Rather disappointing, but I will take another look at it in the future.

I was able to start making the modifications I wanted to the Sensor Geometry program today.  The actual math now runs in a different thread from the GUI, so the GUI is active during the calculation.  I tried to get a progress popup to appear, but it still will not, no matter what I do.  I also made many modifications to the configuration panel, as it now uses a JList to choose a category to edit.  It is reminiscent of (and inspired by) the Firefox Options dialog.
Wednesday, 13 Jul 2005
0800 – 1615
1140

I made some minor changes to the program this morning, including adding a calculation for the average spacing between sensors.  I then used that to verify my hypothesis (that the probability of detection was equal to m*tan(t/2)/d), and although the numbers didn’t seem to match up, Excel gave them a 99.5 percent correlation, which greatly helps the realism of my proof, as it now can be verified that my conclusions are accurate.  I also converted much of the configuration panel to Spring Layouts, which are reasonably easy to use and make it a little more dynamic when it comes to resizing and changing look and feels.
1400

My efforts to make Sensor Geometry multi-threaded are going well, but I have found a very strange bug.  I finally got the Progress Monitor to appear, which is good, but for some reason, the timer that prompts the progress monitor to update does not fire occasionally.  I checked where each is running, and the Timer is running in the AWT-Event-Queue thread.  This means that some sort of GUI operation is taking blocking the timer, but I do not know what operation that can possible be.  I am not sure how to proceed here: The program works, but the progress monitor can be very misleading.

1540

I still have not found the timer bug, which is unfortunate, but I have added a new feature that Dr. Gunn suggested.  The program now stores pertinent data about past runs in a JTable for easy comparison.  Also, I showed Dr. Gunn my project proposal, and he looked it over and suggested some changes.  I plan to fax that in tomorrow.

The next feature I implemented was an optimization to the “contains” method for rectangles and isosceles triangles.  Rectangles can test if a point is between 2 corners, and isosceles triangles whether it is too far from the vertex.  Making this change for triangles reduced calculation time from 10.3 seconds to 9.7 seconds.

Thursday, 14 Jul 2005
0800 – 1615
1000

This morning, I worked on making a few code changes to the program.  First, I added methods to my major Modeling classes.  I am nearly positive that my optimization routine will use these.  I currently plan to use a hill climber at first, but rather than recalculating the heuristic value every time, I would like to store it somehow, to save calculation time.  A map would be perfect for this, and a hash map is the fastest of the maps, but to use one, my Scenario class would need “equals” and “hashCode” methods.  However, to compare scenarios, I had to compare SensorGrids and SensorPolygons as well, so I also added “equals” and “hashCode” to those 2 classes.  Interestingly enough, the computer I am on right now in the Battle Lab does not have the Timer problem: I have no idea what could have been causing it.
I then began researching the AffineTransform class, whose function I had effectively reimplemented while drawing my diagram in the DrawingPanel.  I backed up my code, and then went to work on recoding DrawingPanel to use AffineTransform.  I worked out pretty well: There is no obvious speed difference, but I suspect it is more efficient, and the code is much prettier.

I then implemented the rectangle contains optimization, which sped up the placement of plume spawns marginally.   I will probably work for most of the rest of the day on coding the Hill Climber optimization.
1100

Anna had been working on optimizing sensor spacing as velocity changes, so after she finished gathering the data, I asked if I could use it to confirm my mathematical proof on the subject.  As it turns out, my estimation that b ~= .5 was not especially good, but when b = .55, I got v^b*s (which, given that she fixed the probability, should have been a constant) having an average error of less than 1 percent!  Anna then ran the trendline, and found that Excel generates an equivalent equation for its predictions!  Clearly, the v^b/d is a valid predictor of wind spacing vs. velocity behavior.  I have added this data to my report on my proof.
1430

Mr. Gardner proposed an optimization routine earlier, which I coded.  The routine itself works well, although my GUI is still rather shaky, and I leave very little flexibility.  It successfully determines the correct answer, although it doesn’t actually store or display the answer right now: I’m working on that.  It also uses 2 threads, so the user sees a console updating the status as it calculates in the non GUI thread.

1600
I spent most of the last hour testing the optimization program, which appears to be working quite well.  It takes longer to run than I would like, so I will have to investigate how I can speed up the program.
Friday, 15 Jul 2005
0800 – 1630
1235

I am about to send off the final pieces of paperwork for the summer mentorship, including my project proposal.  Work on the program this morning went reasonably well – I am having some problems with Eclipse, but the program is running fine.  I managed to add a few minor features, like colors on the diagram and the ability to cancel simulations, fix a few bugs, including one where moving the plume spawn area would lead to invalid plume starting locations, and add one major feature, a “safe zone” which should greatly change the program to enable more detailed and realistic scenarios.  I have been documenting all of the changes in the readme, so it should be reasonably clear where all of the changes occurred, so if anything goes wrong, I should be able to consult the backup copies that I have been diligently keeping (I have copies all the way back to 1.1.0, where we are currently 10 revisions beyond that, on 1.2.3).

1600

Not much to report this afternoon, as I spent most of the time making a few minor changes, including testing for invalid parameters and discovering the problem with the anti-aliasing toggle.

Monday, 18 Jul 2005
0800 – 1620
0910
I’ve been looking over my code for the optimization display panel, and am reasonably unhappy with the way it has turned out.  I had it extend my regular display panel, which made the code easy to adapt, but made it rather confusing.  In hindsight, I should have made a Displayable interface, which contains all of the methods that a display panel needs, then had both display panels implement displayable.  I might back up my code, then do that today.

1000

I just made that change, which makes the code much more readable.  It also added a minor bug, as you can’t print anymore, but nobody ever did that anyways, so I’m not especially concerned.

1130

I sent most of the rest of the morning updating the javadoc comments for the program.  As I grew weary of documenting code, my javadocs became more and more useless, so I went back today and tried to make all of them actually functional.  I still don’t know whether will javadoc the internal classes, as there are tons of them, and realistically, nobody will ever see them anyway.

1350

There is still no update on more SEAP information.  I worked early this afternoon on added the Ellipse class to the Model, which is never used, but which I would like to eventually enable for plume shapes.  I suspect that will be more difficult than I expect, and I suspect that I will need a “Plume” interface, which specifies certain required methods.  I then will have to have both Ellipse and SensorPolygon extend Plume.

1530

I did indeed add Plume, and although ellipses still can’t be used as plumes yet, the program still works.  Interestingly enough, I’ve gotten a lot of information about HPAC in the mail, including a copy of HPAC 4.04 and an account on the unclassified weather server.  I don’t know how I signed up for it, and Anna hasn’t gotten any of it yet.

Tuesday, 19 Jul 2005
0800 – 1640
0800

This morning, I worked on finishing up the report I am going to give at the OR meeting today proving that the optimal sensor spacing is inversely proportional to the approximate square root of the wind speed, whose general case I was never quite able to complete.  However, I will also be able to support my proof with Anna’s data, which makes the proof much stronger.  

The other thing I did this morning was continue to add functionality to the currently unused Ellipse class.  I hope to be able to eventually use and ellipse as a plume, but that will take a while to accomplish, I suspect.  I also think that I will talk to Dr. Gunn about actually solving the problem now that we have the general case done; that is, find a base, research the actual, real-life parameters, then actually optimize the sensor locations.  I also hope to be able to uncover more useful proofs, like the one I previously derived.

1240

I am ready to present my proof this afternoon.  I discovered a flaw in my general case, which explains why I never got the right answer, but Anna’s TI-89 died and mine isn’t here.  I should, however, be able to finish up the proof in the next week and present it next Tuesday: I will still show my abbreviated case today.  Hopefully, once I get the answer for the general case, I will be able to run my optimization program and show that the general formula also applies.
Interestingly enough, the Timer not reporting bug that I found a while ago and never fixed seems to have disappeared.  I am not sure why, but I am pleases.

1640

I just got back from the meeting.  First 2 hours were spent on a project I’m unaffiliated with, abut we discussed my work after that.  Everyone seemed quite impressed.  The one thing I did not do, however, is write down some of the suggestions they made, so I’ll have to figure them out tomorrow.

Wednesday, 20 Jul 2005
0800 – 1620
0815

I’d like to discuss with Dr. Gunn today where he envisions this project going.  With 3.5 more weeks left, most of the coding has been done, and I think I probably can start working on any needed research.  Although adding ellipses to the program would be nice, the more I think about it, the more I suspect it would be extremely difficult to do so.

I also think I might try working with HPAC to develop the plume formula.  I think that such a formula is a major component of this program, as realistic simulations are not possible without it.

0900

Just found a program stopping bug that has been there since version 1.0.  Occasionally, the area of the polygon overlap ends up being greater than the original area of the polygon.  I have isolated the problem, and it occurs when a plume creates a pentagonal overlap with the defended area.  There is a bug in my intersected polygon routine that makes the coordinates not get properly sorted.
I also just changed the format of a few methods, so that the “area” method for triangles is simpler and so that Line extends the default Line class.

0915

Finally got the problem fixed.  It was my method of comparison between coordinates that I had to redo.

1130

I added a few minor features this morning, including a dynamically updating diagram for the optimization panel, but the biggest change was a tweak for the optimization algorithm. I realized that if our current best solution uses n sensors, we don’t need to both checking any configurations with more than n sensors, as we will never choose to use that over the more efficient one.  Mr. Gardner also suggested that I not hardwire the current optimization algorithm in (which is “minimize number of sensors subject to performance > threshold”), but offer other ones as well (possibly “maximize performance subject to number of sensors < max sensors”).
1445

I discussed some things I didn’t understand about last weeks meeting with Dr. Gunn, who explained to me the whole layout of DTRA and where we fall in.  We are part of the OR team (headed by Mr. Gerding), which is part of the A division (headed by Mr. Zimmers) which is part of the O division, which is part of the TD division (headed by Dr. Hopkins) of DTRA, hence, DTRA TDOA OR.  He also gave me a quick summary of how the war games work, with the red, blue, and white teams, and the different types of simulations.  I think the 2 hour discussion yesterday might have been much more interesting had I understood that then.
1545

I found the guidelines for the SEAP final report on the SEAP website, and began drafting the report.  SEAP requires that I write their report this summer, however, I will be referencing the requirements for the TJ Mentorship report as well, as I strongly suspect I will be able to reuse much of my SEAP report.
Thursday, 21 Jul 2005
0800 – 1620
0930

I looked over my optimization method this morning and have determined that it would be reasonably simple to make it more generic.  I have therefore created a restrictions map, which holds all of the restrictions on the variables, and a variables map, which holds all the variables’ values.  I think I will be able to adapt my algorithm to work with this, which should allow me to specify restrictions and what parameter to optimize, and the algorithm should work well on all cases.
1030

I wrote a little more of my final report, filling in all of the information I can right now.  Additionally, I looked at my mathematical proof of the relationship between wind speed and spacing again, and found an error in the proof.  I redid the calculus, and the new, triple integral proof reduced to the old, double integral proof(as I had initially postulated), which I had already solved!  This is very useful, as my proof now applies to a more general situation, as opposed to the very specific proof I did before.
Friday, 22 Jul 2005
1100 – 1620
1130
I was late to work this morning, as I had the mid-summer mentorship meeting at South Lakes.  I have realized that my idea of making my optimization code more generic is both difficult and unnecessary, as there are very few possible optimization routines, and it would thus be just as easy to individually code them each in.  I also ran a few full optimization cases yesterday afternoon, and found that it takes between 15 to 25 minutes to optimize the number of sensors needed, and in what configuration.  I was disappointed with this time, but everyone else seemed to think it was more than reasonable.
1500

I spent most of the afternoon writing up my final report.  I was able to do most of the introductory stuff, including giving descriptions of the different algorithms, scoring methods, and effectively introducing the reader to the problem.
Monday, 25 Jul 2005
0805 – 1635
1600

I worked today on writing a lot of my final report, and managed to get most of the introductory and explanatory stuff done, which should make the coming 3 weeks easier.  As I was running tests for data for the report, however, I discovered that there was a much more efficient optimization method I could use, because of the regularity of the functions involved.  I spent much of the afternoon coding that up: it is done, but I still have to test it, and I also have to add a bunch of debugging statements in.

Tuesday, 26 Jul 2005
0805 – 1615
0900

I modified my optimization method further this morning, switching the minimum finding method from a simple division search to a Golden Section Search.  This method requires the method to run 1 scenario each iteration of the minimization method, rather than the 2 that the other method required.  Furthermore, this search narrows the field down to about .6 of its previous size, whereas the other narrowed it to .666.  This search has greatly increased the speed of the method.

Additionally, I believe that I have found simpler way to find the best number of sensors.  As I increase the number of sensors, I had been calculating them all, and then using a binary search to find the first one over the threshold line.  However, if during the search I stop as soon as I hit one over the threshold line, then I am clearly done.  This should make the optimization method go amazingly fast.  The other thing I could do is run a binary search on the line, then run my margin optimization each time.  I suspect this will be the fastest, as the binary is O(log n).

0930

I just finished that modification.  It now uses a binary search, with a Golden Section Search during each step of the binary search.  It is impressively fast, as with n possible number of sensors and m possible margins, the algorithm is O(log(n) * log(m)).  It is optimizing in less than a minute now.
1300

I spent most of the rest of the morning rewriting my final report to incorporate my changes.  I ended up adding almost 2 pages of explanation of why I chose these algorithms and why they work.  I think it turned out pretty well, as the program runs much faster.
Wednesday, 27 Jul 2005
0755 – 1615
0900

I worked this morning on making the javadoc for the program nicer, so that the program can be modified later after I leave, and also so that the models I created can be reused in the future.  Today, I’d like to get the uniform and dice 5 configurations back into the program; I suspect the best way to do this is to generate an array of all the possible configurations, then sort them by number of sensors and run it the same way we did before: Unfortunately, I do not think that I can legitimately claim that there is a strictly increasing utility as number of sensors increases if I am switching the dimensions around.  If I can’t make that claim, I must switch from a canary to a linear search, which changes me from 5 or 6 margin optimizations to 20 or 40 margin optimizations, which is much worse.
1120

I just created an Excel spreadsheet that will take x and y values and solve for a best fit line c*x^n, where n is a specified exponent.  Ana will be using that function to get regression lines for her spacing vs. velocity data, but by using the simpler square root function instead of a complicated exponent (that is, she will be setting n = -.5, while Excel originally found that the true best fit had n = -.538156829762 or something).  We hope to find that he error introduced by using the square root is minimal.
1330

I worked on modifying my optimization method to use uniform and Dice 5 configurations as well, which it now does.  I now just have to recreate one my original “Distribution” optimization method, and then the program is effectively done.

I also changed the way the program file structure was laid out.  I had initially violated java code conventions by calling my package Sensor.GUI, which I changed to the conventional mil.dtra.sensor.gui.  I also modified the SensorGrid class so that they can only be created through static factory methods, which makes much more sense then the way I did it before.
1540

I just crafted another proof, this time describing the relationship between sensor spacing and the radius of a plume, where the plume expands circularly (as on a windless day).  The proof turned out quite well, as the function I got is continuous and makes sense.  I just graphed it on Ana’s calculator, and it looks quite nice: exactly what I would expect it to look like: When the spacing is 0, the probability of detection is 1, when the spacing is infinite, the probability is 0, and in between, it decreases regularly, but in an interesting fashion.
Thursday, 28 Jul 2005
0755 – 1615
1400

Today’s work was mostly dedicated towards making the program fully functional.  I finished both of the optimization algorithms, and then was able to show the nearly complete program to Mr. Strong and Mr. Berenty.  Mr. Strong made a few good suggestions, like including prevailing winds, but I’m not sure if I have enough time to implement them, or even if it is feasible in the model (whose effectiveness is in its randomness) to include restrictions like prevailing winds.

I am about ready to call the program a finished product.  I do not know (although I will talk to Dr. Gunn today about this) whether it will be permitted for me to continue making modifications to the program after the end of the summer.  I am required to have a final report by the end of the summer for SEAP, though, so it does seem unlikely that I will have many further changes to make.

I also downloaded the forms for the Science Fair, and will work today and tomorrow on getting those filled out.
Friday, 29 Jul 2005
0755 – 1600
0900

I am working this morning on helping the people who run ASOCC test their system.  My computer has been co-opted into being a test client, so I don’t anticipate accomplishing a lot this morning.  This afternoon, however, I believe it is possible to generate all of my data, and finish my data reports for the final report.

1600

I ended up spending a lot of time today waiting for optimization runs to finish, and also fixing a few major bugs that I hadn’t spotted until now.  I will redo my data on Monday (since the old data has changed with a few new algorithms I added) and hopefully finish the report then; I also would like to get the abstract I have to submit finished on Monday.

Monday, 1 Aug 2005
0755 – 1715
1715
I worked this morning on fixing up many bugs in the program so that I can finally begin gathering accurate data.  This afternoon, I participated in a presentation being made by the head of TDOA to an Australian Defense organization representative and a new executive at DTRA.
Tuesday, 2 Aug 2005
0800 – 1605
1605
I once again worked at eliminating as many bugs as I could find, and by mid-day, was able to gather all of the data for my Coring system comparison runs, both for small and large plumes.  I also spent much of the morning writing and editing (with Dr. Gunn’s help) my SEAP abstract, which was difficult given the large scope they requested from the abstract, but the extremely small work maximum (250 words to summarize the project).  This afternoon, I attending the weekly TDOA OR meeting, and gave a very brief update on what I have been doing.
After the meeting, I talked with Mr. Gerding about printing the posters.  As it turns out, there is a poster printer right next door that can be used.  He said the easiest way to do the poster is to make a large slide in PowerPoint.

Wednesday, 3 Aug 2005
0805 – 1615
1600

Today was once again dedicated towards gathering data, but I think I am about done now.  I have gotten data tables for all of the parts of the report that I planned, and should be able to spend tomorrow analyzing the data, making conclusions and crafting those conclusions and the data I have gathered into a readable final report and into a poster presentation.
Thursday, 4 Aug 2005
0805 – 1615
1020

I worked this morning on finishing up my drafts of the final paper and the poster.  This afternoon, I plan to go over them with Dr. Gunn, to determine exactly what I need to change before they must be submitted.  I also made a few programmatic changes this morning, and though nothing that would changer or invalidate the data I currently have.  At Ana’s suggestion, I added check boxes with can toggle on and off different grid types, so that optimizations can be done using only perimeter grids, for example.
Friday, 5 Aug 2005
0805 – 1605
1330

Most of this morning was spent fixing up my poster, so that it is now about ready to print.  I made a lot of changes, including converting a lot of boring text to interesting diagrams, changing non-colorful things to colorful things, and configuring the printer so that it works properly.
Monday, 8 Aug 2005
1000 – 1620
1615
I spent today at a mentorship meeting, then making my poster, then editing my final report.
Tuesday, 9 Aug 2005
0800 – 1650
1545

I spent much of today refining my final report, and it is about done.  I should be easily able to read over it a few more times before I must turn it in tomorrow.

Dr. Gunn made a few suggestions on things I could add to the program, so I suspect I will work tomorrow and Thursday on adding those additional features in.  I also fixed a few very minor bugs in the program, just to make it a little bit more refined.
I also added a new feature where the prevailing winds in a region can be specified.  This feature should make future optimizations more realistic.

Wednesday, 10 Aug 2005
0800 – 1600
1600

Today was nearly entirely dedicated towards polishing my final report to a presentable standard.  I replaced the ugly, MSWord equations with not-as-ugly MS Equation Editor Equations, which worked out nicely.

The final report has been submitted, so tomorrow should be mostly wrap-up work.
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