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ECE 1111: Engineering Computation I
Laboratory No. 6: Random Number Generation
Goals: Help you develop an understanding of how to do some basic statistical calculations.
Deliverables:
[1] Source Code: Do all your work in this directory:
/data/courses/ece_1111/current/labs/lab_06/<lastname_firstname>/p01
You must comment your code, following the guidelines and templates provided in class.
[2] Check Off: You will arrange a meeting with your TA during the lab session. The TA will ask you to explain the nuances of your code.
Description:
The tasks for this lab are fairly straightforward. You are going to implement a random number generator on the Arduino that generates random digits in the range [0,9]. Use a single LED display to display the randomly generated values.
Also write C code that computes the mean () and autocorrelation ( of these numbers, and the correlation coefficient defined as:

  .
To make this calculation a little more intuitive, shift the random value to be centered around  by subtracting the expected mean, . 
If your random number generator is really good, the mean of these shifted values should be zero, and the autocorrelation should be zero for nonzero values of . (There are several ways to do this kind of thing, so we are open to variants as long as the resulting sequence of numbers has an expected mean of zero.)
First run your circuit such that it generates one point per second and demonstrate to your TA that it is generating what appear to be random numbers.
Next, use your circuit to generate  points, and show the resulting calculated values prove your random number generator is truly random.
Print the means and autocorrelation values to stdout. Demonstrate that the performance improves as you increase N from  to .
Finally, in doing this, you might think that you need to generate the entire sequence before you can compute the mean and the autocorrelation function. However, it is possible to compute these as each datapoint is generated. Demonstrate that you can estimate the mean each time you receive a new datapoint, and that you can update the estimate of the autocorrelation function without retaining all random values in memory. (Hint: expand the product term in the autocorrelation function and think about how you can accumulate the values needed in intermediate variables.)
[bookmark: end_of_document]Summary:
Generating truly random numbers is, it turns out, quite difficult. This assignment will hopefully give you some ideas how you can do this in hardware. Also, doing calculations on streaming data can be quite challenging since you can’t afford to buffer the entire signal in memory. Very often we find ways to restructure the calculations so they can be done in real-time with no latency.
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