
AM205: Introduction tomultithreading (due 5PM, September 27)
Please submit a short write-up of the following exercise. Please follow the same submission guidelines as
for the homework—a separate PDF with your written results, and a zip ûle containing any code (or a
Jupyter notebook if you prefer). Please also list the names of the students in the group.

1. Calculating π stochastically. In Lecture 1, we have seen two approaches to approximating
π: Archimedes used a recursion relation for the area of a polygon and John Machin used a
tangent formula. In this assignment, we will follow a stochastic idea and calculate π.

(a) Consider a square of area 4 (Asquare = 4) inscribed with a circle of radius
r = 1 (Acircle = π ⋅ r2 = π), and we drop red dots into this area. If the red
dots are randomly placed in the square, what fraction will land in the
circle? Hint: _e fraction should contain π.

(b) Suppose we generate many random points, we can calculate an approximation to π
based on the fraction in (a). In order to generate an estimate for the accuracy of our
approximation, we use the following idea: We generate N batches of k points, and in
each i-th batch (0 ≤ i < N) we have a value pi related to the fraction computed in (a).
For N batches, we would have N values of pi . We then deûne the approximated value of
π (use π for our approximation) and the standard error as

approx. value π =mean(pi), standard error σπ = std(pi)√
N

As you may have guessed, the key to getting amore accurate approximation is to add
many,many points. With the help of parallelization, this process can be speed up if we
carefully choose the right library functions to call, or multithread our code.
Use one of the three combinations, (i) C++ and OpenMP, (ii) Python and joblib, or (iii)
Python and vectorized NumPy, write a program that takes in integer N , k and t where

• N : number of π approximations
• k: number of points generated for each π approximation
• t: number of threads of parallelization

and returns the compute time T and standard error σπ .

(c) Generate T and σπ for the values N ∈ {100, 1000, 10000}, k ∈ {100, 1000, 10000}, and
t ∈ {1, 2, 3,4}. Answer the following questions:

i. What determines the scaling of σπ? (i.e. What axes give you a log-log plot with a
straight line?)

ii. For constant npts = Nk = 10002, how does T scale with k? With N? (Make some
plots and explain what they mean.)

iii. Given the above, for what types of values of N and k is multithreading most appro-
priate? Do your results re�ect this?
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