CS 470 Monte Carlo OpenMP Activity
1. Download the starter serial program (mc_pi2.c). Here is an example Makefile:

mc_pi: mc_pi2.c


gcc -g -O2 -Wall --std=c99 -o mc_pi mc_pi2.c

clean:


rm -f mc_pi
2. Use OpenMP to parallelize the dart throwing. Don’t forget to reformat the source code to match your own style preferences before you begin working on it.

HINT: Think carefully about where and how to add parallel directive(s).

HINT: Which variables should be shared and which should be private? Do you need any reductions?

HINT: Don't forget to add the "-fopenmp" build option in your Makefile.

HINT: The clock() function reports the number of used CPU cycles, not elapsed wall time. This is useful as long as there is only one CPU because you can divide the result by the system constant CLOCKS_PER_SEC to convert it to a wall time estimate. However, this is no longer reliable once you begin using more than one CPU. Instead, use the omp_get_wtime() function provided by OpenMP (note that it returns a float instead of a clock_t value).
3. Test your program with 1, 2, 4, and 8 threads using the OMP_NUM_THREADS environment variable. Don't forget to run it as a job on the cluster instead of running the program on the login node directly. Here is an example SLURM submission script:

#!/bin/bash

#

#SBATCH --job-name=mc_pi

#SBATCH --nodes=1

#SBATCH --ntasks=1

NDARTS=200000000

make

OMP_NUM_THREADS=1 ./mc_pi "$NDARTS"

OMP_NUM_THREADS=2 ./mc_pi "$NDARTS"

OMP_NUM_THREADS=4 ./mc_pi "$NDARTS"

OMP_NUM_THREADS=8 ./mc_pi "$NDARTS"
4. Write a short analysis and discussion (2-3 paragraphs) in a comment at the top of your program describing your changes and the results. Does your new version scale well? Are the estimates of π accurate? If any issues remain outstanding, how do you think they could be resolved?

5. Change your program so that it is both a valid serial program and a valid parallel program by protecting all OpenMP references with preprocessor directives and providing single-core equivalents.

HINT: Recall that  "_OPENMP" is the variable you can check using #ifdef, #else, and #endif.

HINT: Add a new target to your Makefile that builds a "serial" version of your OpenMP program (i.e., without the "-fopenmp" build option). You can use the "-Wno-unknown-pragmas" build option to disable spurious warnings about the OpenMP pragmas. Example:

mc_pi_serial: mc_pi2.c


gcc -g -O2 -Wall -Wno-unknown-pragmas --std=c99 -o mc_pi_serial mc_pi2.c
6. Submit your final mc_pi2.c on Canvas by Friday at midnight. If you worked in groups, each person should submit a copy of the file; all files from your group must match and include all names in a comment at the top.

YOU DO NOT NEED TO SUBMIT THIS DOCUMENT, ONLY THE SOURCE CODE.
