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PJ program for computing the Mandelbrot Set Output image (N x N pixels) e PJ itself is written in 100% Java (JDK 1.5)

cPU cPU cPU cPU on an SMP parallel computer e PJ’s SMP parallel features inspired by OpenMP
| o Parallel thread teams
CaChe CaChe CaChe Cache pub]{.lc class MandelbrotSetSmp . .
public static void main o Parallel loops with selectable scheduling
(String[] args)
. throws Throwable o Parallel sections and section groups
Main Memory }/ . .y .
final int width = Integeg.parsei:nt (args[0]) ; O variable Scoping: Shared, thread local
final int height = Integer.parseInt (args[1l]); _
: final double xcenter - Double parsebouble (arga(2]); = o Reduction variables with arbitrary operations
e Shared memory multiprocessor (SMP) parallel final double secolucion < Dodbie pasccbouble (args(dl) PJ’s clust llel feat NSDi yd |I: MPI
inal int maxiter = Integer.parselnt (args ; .
Computer :inai double gamma = Dougle.zarseDoub](.e 3a::;]s)[6]); S C us er para e ea ures ]nsp] re y
. . . final File filename = new File (args[7]); | 3 3
o Multiple threads, each running on its own CPU o e S 7o T o PJ mldd.leware automatically runs a program
: : : final int woffsst = - (width - 1) / 2, on multiple processors of the cluster
o Threads share variables in main memory final int yoffset = (height - 1) / 2; , o
o OpenMP standard for SMP ° // Create matrix to store results pX o Message passing of primitive types and non-
pen standar or programm]ng final int[][] matrix = new int [height] [width]; ) primitive types (Java Object Serialization)
// Compute all rows in parallel. - o o
new ParallelTeam() .execute (new ParallelRegion ° ° O Messa e aSS]n Of arra S and matrlces Or
—— et e Fammtetmegiond Fixed schedule Dynamic schedule g€ passing y ’
public void run() throws Exception arb]trary portlons thereOf
{ (not load balanced) (load balanced)
Tepe By heintrhy mew inteserortoer@ Running time o Message passing operations: send, receive,
11 Srone taage sox on top ot matrix (seesd 1ecel) sendReceive, broadcast, scatter, gather,
Cache Cache Cache Cache public void run (int first, int last) 1E2§ 1E2§ allGather, reduce (Others tba)
( ] ]
for (int r = first; r <= last; ++ 1) 3 3 o Reduction with arbitrary operations
Main Main Main Main { . \es2do .
Memory Memory Memory Memory Z:Zgizo;w.zo;wcéilér+(yoffset—r)/resolution; N=2400 | . PJ Supports hybr]d SMP CIUSter parallel
// Compute all columns in row. g ; Ne16do g E N=3200 program ming
PY for (int ¢ = 0; c < width; ++ c) E ] 5 ] oo vee . .
Cluster. parallel computer . . . E \/\’\_\ e PJ facilitates teaching parallel programming
D D§: 1 D N=800 D§: 1 N=1600 ° ® []
M:lgzgl:orprocesses, each running on its own // ttezate unti1 convergence. o Students who know Java find it easy to write
int i = 0; ] ] .
P : double aold = 0.0; ] ; parallel programs in PJ
o Processes communicate data by message double a = 0.0; - | o PJ teaches the concepts of OpenMP and MPI in
° double b = 0.0; T T
paSS]ng through the network :;:?:e(:ng:::i:eg.zé zmagsqr < 4.0) 1E‘10 i 2' ; A . . 7' . . 2 1E-10 T 2' : A : : y . . 1 a 100% Java Setting
O . { Number of Processors K Number of Processors K o o o
MPI standard for cluster programming puo o PJ comes with an extensive library of example
:m:g;g*zoif:bilg*:;y; | Mandelbrot Set —— Speedup vs. K Speedup Mandelbrot Set —— Speedup vs. K programs for SMP and CIUSter ComPUterS
e All CS students need to learn parallel computing ol c
- ComPUterS Sh]ft]ng to mUItlcore Ch]ps (SMPS) // Record number of iterations for pixel. . / s / . For further information
o Multicore chip based computers require mg(jh;(ﬂl) o | | N N i o Alan Kaminsky, ark@cs.rit.edu
*hue* oat) Math.pow ouble) i ouble)maxiter), gamma),
parallel programs for full performance Y e o0t v - - o PJ Library (GNU GPL licensed):
o OpenMP and MPI are C/Fortran based and are - : e P / http://www.cs.rit.edu/~ark/
3 3 } 4 4 R
hot OPJeCt orlénted . Y 3 o o Parallel Computing | courseware:
o Java is becoming thg language of choice for b 2 2 http://www.cs.rit.edu/~ark/531/
teaching programming /7 wite smage o gite. -
ColorImage image = new ColorImage (matrix); ey e
0O Middleware .is needed for parallel programming I;ZmageIO.write (image, "png", new BufferedOutputStream (new FileOutputStream (filename))) ; 00 : | | :‘ : é | | | y 00 : | | :‘ : é | | | y PJ authors. Alan Kaminsky and Luke Mcomber
in Java: Parallel Java! Number of Processors K Number of Processors K
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