High Performance Computing

Assignment 02
Start: 
Tuesday, February 3rd, 2009

End: 
Thursday, February 10th, 2009

Learning Objectives:

· Understand the basic concepts of speedup in weak scaling (Part 1)
· Setting up a benchmark program (they did not have that in the previous assignment) and learn about the effect of different compilers on similar benchmark. (Part 2)
· Further understanding about how to use a scheduler (Condor) (Part 3)
· Introduction to virtual machines and the Grid Appliance Project (Part 3)
Part 1: (25 Points)
A parallel application, comprising 10,000,000 useful operations to be performed, can be subdivided into many threads which can be run independently (embarrassingly parallel). You can have an unlimited number of processors.
The minimum number of operations per thread is 10 and any division of operations per thread down to that limit can be scheduled. (For example, a thousand threads each of 10,000 operations can be scheduled or 100 thousand threads each of 100 operations can be scheduled.)

However, every thread requires 25 additional overhead operations in order to run it. (For example, a thread of a hundred operations will actually require 125 total operations from beginning to end.)

Assume all threads take the same number of useful operations and each operation requires one cycle to complete (Yes, this is a simplification).
a) What is the maximum speed up that can be achieved recognizing that even uniprocessor execution requires the upfront overhead to run? (12 points )
b) What is the granularity (number of operations per thread) and number of threads required to achieve half of this maximum speed up? (13 points )

c) Sketch the scaling curve and identify the horizontal and diagonal asymptotes of the results obtained in (a) and (b) (BONUS : 5 points )
Part 2: (35 Points)
NPB is a collection of programs designed to help evaluate the performance of supercomputers. Official NPB packages are available at http://www.nas.nasa.gov/Resources/Software/npb.html. This section of the problem set has been organized into three main subsections: 

· Instructions on compiling NPB

· Instructions on running NPB on local supercomputing resources

· Questions that need to be answered and turned in for grading

Instructions for Compiling NPB on Star (stargate.uark.edu):
1. Login to Star and choose your assigned MPI selections:

Each student will be assigned two MPI flavors to run the NPB benchmark. You can choose your MPI flavor by running the mpi-selector-menu utility on Star
	user@stargate:~# mpi-selector-menu


Current system default: <none>


Current user default:   qlogicmpi_intel-2.1


    "u" and "s" modifiers can be added to numeric and "U"


    commands to specify "user" or "system-wide".


1. mvapich_gcc-1.0.0


2. mvapich_intel-1.0.0


3. openmpi_gcc-1.2.5


4. openmpi_intel-1.2.5


5. qlogicmpi_gnu-2.1


6. qlogicmpi_intel-2.1


U. Unset default


Q. Quit


Selection (1-6[us], U[us], Q): 2


Operator on the per-user or system-wide default (u/s)? u


Defaults already exist; overwrite them? (y/N) y


Current system default: <none>


Current user default:   mvapich_intel-1.0.0


    "u" and "s" modifiers can be added to numeric and "U"


    commands to specify "user" or "system-wide".


1. mvapich_gcc-1.0.0


2. mvapich_intel-1.0.0


3. openmpi_gcc-1.2.5


4. openmpi_intel-1.2.5


5. qlogicmpi_gnu-2.1


6. qlogicmpi_intel-2.1


U. Unset default


Q. Quit


Selection (1-6[us], U[us], Q): q





You can find more information at http://hpc.uark.edu/StarTutorial.html
2. Download and extract the NPB tar ball from:

http://www.cct.lsu.edu/~cdekate/npb-mpi.tgz
	$ wget http://www.cct.lsu.edu/~cdekate/npb-mpi.tgz
$ tar xzvf npb-mpi.tgz


3. Configure the benchmark to use compilers and libraries on the local computing resource:

	$ cd NPB3.2-MPI

$ cp config/make.def.template config/make.def

(Options for lines 32, 39, 44, 49, 79, 86, 91, 96, and 161 are given below)


Checklist of things to change in config/make.def

Line 32:



MPIF77 = mpif90

Line 39 (delete the arguments for FMPI_LIB):



FMPI_LIB =


Line 44 (delete the arguments for FMPI_INC):



FMPI_INC = 


Line 49 (Can be set to either –O or –O2 or –O3):



FFLAGS = -O3

Line 79 (Fill with the problem set assigned to you):



MPICC = mpicc

Line 86 (delete the arguments for CMPI_LIB):



CMPI_LIB = 

Line 91 (delete the arguments for CMPI_INC):



CMPI_INC = 


Line 96 (can be set to either –O or –O2 or –O3):



CFLAGS = -O3 
Line 161:


RAND = randi8

To learn more about the possible compiler options, do the following:

	$ icc --help | more



To learn more about the specific compiler optimization options, do the following:

	$ icc –help opt


You can do the same thing with ifort to learn more about the options. With the Gnu compiler, you can use:
	$ gcc --target-help

or

$ gfortran --target-help


4. Clean stale files from previous compiles

	$ make clean


Compile the Benchmark using:

	$ make (benchmark_name) NPROCS=(number) CLASS=(class)


(benchmark_name)
: to be assigned (ep, mg, cg, ft, is, lu, sp)
(number) 

: is the number of processes in powers of 2 
(2,4,8)

(class)

: “A” or “B”
	Benchmark Code
	Class A
	Class B

	Embarrassingly Parallel: EP
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	Multigrid: MG
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	Conjugate Gradient: CG
	14000
	75000

	3-D FFT PDE: FT
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	Integer Sort: IS
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	LU Solver: LU
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	Pentadiagonal Solver: SP
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	Block Tridiagonal Solver: BT
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Unlike Celeritas, the MPI flavors on Star when chosen using mpi-selector-menu are automatically added into PATH. Therefore, you do not have much to modify the make.def file.

Running the Benchmark on Star:

Upon the completion of the compilation process, there will be an executable file created inside the NPB3.2-MPI/bin directory under the form of (benchmark_name).(class name).(number of processes).

For example, if your make command is:

	$ make cg NPROCS=2 CLASS=A


Your resulting executable will be: cg.A.2

Copy this executable file to your home directory. This will be the executable specified in your .pbs submission file. 
Edit a .pbs file as shown below, replace the ?s based on the different problem sizes:

	#PBS –N NPB

#PBS -q student                               

#PBS -j oe                                    

#PBS -m abe                                   

#PBS -M <Your email address>                  

#PBS -o XHPL.$PBS_JOBID                       

#PBS -l nodes=?:ppn=?                         

#PBS -l walltime=00:10:00                     

cd $PBS_O_WORKDIR                             

mpirun -np ? -machinefile $PBS_NODEFILE ~/?.?.?




Turn in the responses for the following:

1. Run the benchmark code assigned to you using option 1 and 4 of the mpi-selector-menu (mvapich_gcc-1.0.0 and openmpi_intel-1.2.5)
2. Provide the output file of (1) by email to the GA at lngo@uark.edu
3. Does the compiler selection affect the performance of the system? Why?

Part 3: (40 points) Throughput Computing with Condor

In this section, you will be using Condor to a simple parameter sweep to determine the Fibonacci number corresponding to each parameter:

Download the Fibonacci source code from http://www.cct.lsu.edu/~cdekate/fib.c
Set up VMware and Grid Appliance, and upload the Fibonacci source code above into the Grid Appliance platform follow the instructions from chapter 01 and chapter 02 of the lab manual located at http://comp.uark.edu/~lngo/home.htm.
Follow the instructions in chapter 02 of the lab manual to compile and run the Fibonacci source code using Condor. 

Turn in the responses for the following:

1. Use Condor to find the Fibonacci 45, 47, 49, 51, 55 in a single condor job submission.

2. Turn in your condor submit file, your condor output files, and condor log file. 
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