
A++/P++ { Referene Examples(version 0.7.2)Daniel QuinlanLawrene Livermore National LaboratoryL-560Livermore, CA 94550925-423-2668 (oÆe)925-422-6287 (fax)dquinlan�llnl.govQuinlan's Web Page: http://www.llnl.gov/as/people/dquinlanA++/P++ Web Page http://www.llnl.gov/as/Overture/A++P++A++/P++ Manual (postsript version)A++/P++ Quik Referene Manual (postsript version)LACC Number: LA-CC-96-1LAUR Number: LA-UR-95-3273August 16, 2000



August 16, 2000



Chapter 1Examples: Code FragmentsThis is a olletion of example A++/P++ ode fragments. It is intended toshow some of the many ways that A++/P++ an be used. There are twosetions, one on A++/P++ examples and the sond on P++ spei�examples that demonstrate parallel features of P++.1.1 A++/P++ ExamplesThese examples are ommon to both A++ and P++ array lasses. They showa omplex mix of operations taken from many A++/P++ odes.#define BOUNDS_CHECK#inlude "A++.h"void main (){ int Array_Size = 100;// Index Construtor examplesIndex I ( 1 , Array_Size-2, 1 ); // position=1, ount=Array_Size-2, stride=1Index J = I; // make an Index objet J just like IIndex K = I-1; // make an Index objet K just like I-1Index L = -I; // make L like I but with negative strideIndex M = 5; // make Index objet from integer indexIndex N; // build an uninitialized Index objetN = I+1; // Index assignment to build N like offset of I// Array Construtor examplesdoubleArray A1 (Array_Size);floatArray B1 (Array_Size,Array_Size);doubleArray C1 (Array_Size,Array_Size,Array_Size);intArray D1 (Array_Size,Array_Size,Array_Size,Array_Size);floatArray E1 = B1;doubleArray F1 = B1(I-1,J);double *Fortran_Array_Pointer = new double [Array_Size+1℄[Array_Size℄;doubleArray G (Fortran_Array_Pointer,Array_Size,Array_Size+1);3



// Arrays for use in examples belowdoubleArray A (Array_Size,Array_Size);doubleArray B (Array_Size,Array_Size);doubleArray C (Array_Size,Array_Size);doubleArray D (Array_Size,Array_Size);double x = 42;// example of array-salar assignmentA = x;A (I) = x;A (I-1) = x * x;// examples of array-array assignment operations and use of Index objetsB = A;B = C = D = A;A (I,J) = B (J,J);A (I-1,J) = B (I+1,J);// Salar indexingA (0,12) = x;A (5,12) = A (0,12);x = A (1,12) + B(0,12);// examples of array-array arithmiti operationsA = B + (C * B - D) / A;A (I,J) += B (I,J) / C (I,J);A (I-1,J) *= B (I+1,J);// examples of Jaobi relaxation (9-point stenil)A (I,J) = ( A (I+1,J+1) + A (I,J+1 ) + A (I-1,J+1) + A (I+1,J ) +A (I-1,J ) + A (I+1,J-1) + A (I,J-1 ) + A (I-1,J-1) ) / 8.0;// examples of Jaobi relaxation (5-point stenil)A (I,J) = ( A (I,J+1) + A (I,J-1) + A (I+1,J) + A (I-1,J) ) / 4.0;// more omplex operationsB (I,J) = ( A (I-1,J-1) * B (I+1,J+1) + C (I-1,J) * D (I,J+1) -D (I,J) * B (I,J) * ( A (I,J) - B (I,J) ) ) / ( C (I,J) + D (I,J) );// examples of relational operatorintArray Mask = B >= C;Mask = !B;Mask = !(B && C) != (!B | !C); // DeMorgan's Law// example of replae operatorA (I,J).replae ( B (I,J) <= 0.001 , 0.001 );A (I,J).replae ( A (I,J) <= C(I,J) , C(I,J) );// simple example of "where" statementwhere ( B >= C)A = 0.001;// more omplex example of "where" used for multiple statement blokwhere ( B(I,J) >= C(I,J) ){ A(I,J) = ( A (I,J+1) + A (I,J-1) + A (I+1,J) + A (I-1,J) ) / 4.0;



B(I,J) = 0.001;C(I,J) = 0.001;}// examples of max funtion usex = max (B);A = max (B , C * B);A = max (B , C , A);// examples of misellaneous funtion usex = sum (B);A = os (B) * sqrt (C);B(I,J) = (os (B) * 2.0 )(I,J);// examples of hanging bases of array objetsA.setBase (1); // Fore A to have indexing similar to Fortran arraysetGlobalBase (1); // Set all future arrays to have Fortran like base of 1A.setBase (x);A.setBase(x) = B; // Shows value returned from setBaseA.setBase (x,0);A.setBase (x*x,1);// examples of bases and bound aessArray_Size = A.dimension(0);printf ("Number of elements in A = %d \n",A.elementCount();for (int j = A.getBase(1); j <= A.getBound(1); j++)for (int i = A.getBase(0); i <= A.getBound(0); i++)A(i,j) = foo (i,j);// examples of display funtionsA (I,J).display("This is A (I,J)");A = B + (C * D).display("This is C * D in expression A = B + (C * D)");(A = B * D).view("This is A = B * D");A.view("This is A (same view as above)");// 2 ways to pass array objets by referenevoid foo ( onst doubleArray & X );foo ( evaluate (A + B) );C = A + B;foo ( C );// passing array objets by value requires no speial handlingvoid foobar ( onst doubleArray X );foobar ( A + B );// examples of fill funtionsA(I,J).fill(x);printf ("PROGRAM TERMINATED NORMALLY \n");}



1.2 P++ Spei� ExamplesThis setion presents some examples that are spei� to parallel P++operations. These example deal diretly with the distributions of array objetsonto the multiple proessors available within the parallel environment.#define BOUNDS_CHECK#inlude <A++.h>int main(int arg, har** argv ){ Index::setBoundsChek (On);int numberOfProessors = 128;// P++ looks for the appliation name if "" is speifiedOptimization_Manager::Initialize_Virtual_Mahine("",numberOfProessors,arg,argv);// Example of using a partition objet (assume number of proesors is >= 64)Partition_Type Partition_A (64); // Build partition objet whih uses proessors 0-63floatArray A(100,100,Partition_A); // Build array using default "blok-blok" distribution// aross the proessors represented by Partition_A.// Example of distribution onto subrange of proessorsRange ProessorSubrange_B (27,37);Partition_Type Partition_B (ProessorSubrange_B); // Build partition objet whih uses proessors 27-37floatArray B(100,100,Partition_B); // Build an array distributed "blok-blok"over// proessors 27-37// Simple example of alignment speifiationRange all; // Default range objet implies "all" of wherever it is usedfloatArray C (100,100); // Build array "blok-blok" over all proessorsfloatArray D = C (0,all); // Align D with boundary of C// Simple example of array redistributionRange all; // Default range objet implies "all" of wherever it is usedRange ProessorSubrange_E (45,83);Partition_Type Partition_E (ProessorSubrange_E); // Build partition objet whih uses proessors 45-83floatArray E (100,100,Partition_E); // Build array "blok-blok" over proessors 45-83floatArray F = E (0,all); // Align F with boundary of EPartition_E.SpeifyProessorRange(Range(2-12)); // Redistribute E and F on to proessors 2-12// note that F is STILL aligned with the boundary of E!// More omplex redistribution example. This example builds a olletion// of different sized arrays eah assoiated with the same partitioning objet.// then the arrays are all repartitioned through simple manipulation of the// partition objet. the arrays are initially distributed onto proessor 0,// then on an inreassing number of proessors until all proessor are used,// then repartitioned onto a dereassing number of proessors untill finally// distributed only on proessor zero.int Size = 10;Partitioning_Type Partition (Range(0,0));doubleArray Temp_A(Size,Partition);doubleArray Temp_B(Size*2,Partition);doubleArray Temp_C(Size/2,Partition);doubleArray Temp_D(Size*2,Partition);doubleArray Temp_E(Size/2,Partition);doubleArray Temp_F(Size,Partition);



int i;for (i=0; i < Communiation_Manager::Number_Of_Proessors; i++)Partition.SpeifyProessorRange (Range(0,i)); // redistribute all arrays assoiated with "Partition"for (i=0; i < Communiation_Manager::Number_Of_Proessors; i++)Partition.SpeifyProessorRange (Range(i,numberOfProessors-1));// Example using salar indexing on loal part of distributed arrayintArray v(100);int ibas = v.getLoalBase(0);int ibnd = v.getLoalBound(0);Optimization_Manager::setOptimizedSalarIndexing (On);for (int i=ibas; i<=ibnd; i++)v(i) = i;Optimization_Manager::setOptimizedSalarIndexing (Off);// Example of getting loal A++ array within P++ distributed arrayfloatArray X (100,100); // distributed arrayfloatSerialArray X_loal = X.getLoalArray(); // Deep opy of loal datafloatSerialArray X_loal (X.getLoalArray(),SHALLOW_COPY); // Shallow opy of loal datafloatSerialArray X_loal (X.getLoalArray(),DEEP_COPY); // Deep opy of loal datafloatSerialArray *X_pointer_to_loal = X.getSerialArrayPointer(); // pointer to loal data


