AML 612 Spring 2019 Homework #2


Submit all files to smtowers@asu.edu.  
Due Wed Feb 13th , 2019 at noon.   

Please submit with name format hwk2_<first name>_<initial of last name>  Please provide your R file, and a Word file that gives the output to your R screen, plots, and a latex and bibtex file (with compiled PDF) giving the descriptions of the reviewed papers.

All code must not use tabs, and must conform to good coding practices, as described in http://sherrytowers.com/2012/12/14/good-programming-practices-in-any-language/ and all plots must conform to good plotting practices, as described in http://sherrytowers.com/2013/01/04/good-practices-in-producing-plots/

Question 1

The Lanchester model is a dynamical model of war between two groups, A and B.  The per-capita rate that members of A can kill members of B is alpha, and the per-capita rate that B can kill A is beta.

The differential equations describing these dynamics are




In the simulations for this homework, a battle is considered “won” when the members of one army out-number the other by a factor of 10.

a) Derive the analytic expression for A/B as a function of time.  
Hint: start with taking the time derivative of A/B, and substitute in expressions for A’ and B’ from the above equations and then integrate.  Note that you need to include a time shift in the solution such that it will match the initial conditions for A/B when time t=0.
From your derived expression, determine, given the model initial conditions and parameters, the time at which the battle has been won, and which group won.

Why are we doing this?  Because, in your own research, you will often have analytic quantities you are able to obtain for your own models.  These can include things like endemic equilibria, or final size of outbreaks, etc.  It is always worthwhile to double check your calculations by comparing them to the output of the model solved numerically.  I have caught many errors in my calculations this way.

b) Show that d(A/B)/dt is equal to zero when A/B=sqrt(beta/alpha).  
If the initial condition for A is A_0 = B_0*sqrt(beta/alpha), does any side ever win?  
Do the values of A and B remain static in time?


c) show that A/B, when not equal to a constant, is either always monotonically increasing, or monotonically decreasing. This implies that right from the beginning of a battle that has these dynamics, one side is pre-destined to win over the other.
(Of course, in a real battle situation, neither general of the armies knows exactly how many people the other army will have, and exactly what killing efficiency they will be able to achieve, which is why battles occur… or don’t occur as the case may be)


d) In R, program the set of differential equations for A’ and B’, and use the R lsoda method in the deSolve library to numerically solve them.  Use the initial conditions A=10,000, B = 20,000, alpha=0.2, beta=0.1. 
 
We are only interested in this research question at what happens up to the point where the battle is called “won” (i.e. as mentioned above, when one army outnumbers the other by 10).  You determined what this time point was in part a).  
Only solve the model for times up to that point.
Plot A and B versus time on the same plot.
Also plot A/B versus time, and overlay your analytical result from part a).  
Reproduce the following plot, using a different colour scheme than the one I used here, but having all labels the same.  Use the R paste() command to automatically fill the main title with the initial parameters and result.  Use a plot background colour other than white.


[image: ]


e) Now set A=10,000, B=20,000 beta=0.10 and alpha=0.6.  Reproduce the following plot, with all labels the same, using a different colour scheme than I used, but with a background colour other than white:

[image: ]




f) One thing we can use dynamical models for is optimization problems that involve optimizing a “cost”.

Leading up to the battle, General Smith, leader of army A which numbers 10,000 troops, knows that army B likely has 20,000 people, and from past skirmishes, he knows that their per-capita kill rate is approximately beta=0.10.   

General Smith can arrange to increase the kill rate of his troops using technology, but the technology is very expensive.  It would cost $10 billion to bring the per capita kill rate of army A up to alpha=1.0.  The “cost” of losing a member of the army is $1 million per person.  He needs to balance the cost of the technology versus the cost of lost lives.

Assume that alpha is linear in cost, and that when alpha=0 the cost is $0, and when alpha = 1, the cost is $10 billion.

[bookmark: _GoBack]Using the model you coded up in c), do a “for” loop over values of alpha from 0.1 to 1.0 in steps of 0.01, and solve the model numerically and determine the number killed in the A army by the time the battle was won (ie; the time at which the number in one army outnumbered the number in the other by a factor of 10).  Skip the value of alpha for which the skirmish is a draw.    
Reproduce the following plot, reproducing all labels, but using a different colour scheme than the one I used here, and a background colour other than white.  Whatever colour scheme you use, have a slight difference in background shading for values of alpha where army A loses.  
Of the values of alpha sampled, which yields the minimum cost while also ensuring that A wins?  Write the R code that determines this, by, for example, using the which.min() function.

[image: ]

Question 2

Read the paper:

Del Vicario, Michela, Alessandro Bessi, Fabiana Zollo, Fabio Petroni, Antonio Scala, Guido Caldarelli, H. Eugene Stanley, and Walter Quattrociocchi. "The spreading of misinformation online." Proceedings of the National Academy of Sciences 113, no. 3 (2016): 554-559.
http://www.pnas.org/content/113/3/554.full

A) Create a latex document that gives the title of the paper, and provides a short description of the study presented. Read the module Elements of Scientific Papers at http://sherrytowers.com/?p=3409  Using the rubric of Lacum et al, identify and discuss the seven key elements.  If one or more of the elements appears to be missing in the paper, comment on it. Comment on the importance of the paper and the uniqueness of the analyses.  Cite the paper in your latex document using bibtex, and compile the file to produce a PDF document (make sure all of the references are resolved when you compile the latex document!  i.e. no [?] citations).



B) Using DataThief or WebPlotDigitizer https://automeris.io/WebPlotDigitizer/, download the data for the two lines from Figure 1 in the paper.  
Write the R code to qualitatively reproduce the figure, using a different colour scheme (it is OK to have the legend in the plot area, rather than beside it, but make sure all axes are properly labelled).  
In your R code, output the figure in EPS format, and include the EPS figure in your Latex document. In your homework submission, put the original figure and your re-creation in the Latex PDF document for comparison (note that if you took a screen shot of the figure and it is in something like png or jpg format, you can convert that to EPS format using online conversion tools such as those found at websites like https://image.online-convert.com/convert-to-eps:


[image: ][image: ]



Question 3

1) Using Google Scholar, search for a paper on a research topic that interests you, on the same theme as the papers you examined in homework #1.  The paper must involve a compartmental mathematical model, and must also involve a comparison of the model to data.  It must be a different paper from those reviewed in Homework #1.

2) Open a bibtex and create an annotated bibliography that contains the bibtex entry for the paper.  Add a latex comment the entry, add the abstract, and also a short summary in your own words of the article.

3) In the latex document formed in question 2, additionally add the title of this paper, and provide a short description of the study presented in the paper. Using the rubric of Lacum et al, identify and discuss the seven key elements.  If one or more of the elements appears to be missing in the paper, comment on it. Comment on the importance of the paper and the uniqueness of the analysis.  Cite the paper in your latex document using bibtex, and compile the file to produce a PDF document (make sure all of the references are resolved when you compile the latex document!  i.e. no [?] citations).


Submit the pdf of the paper, your annotated bibtex file, the latex file, and the compiled PDF of the latex file.
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