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Chapter 0

Copyright

0.1 In Plain English

This software has been released to the public domain, the copywrite notice below
applies.

0.2 NOT In Plain English

Copyright, 1995. The Regents of the University of California.
This software was produced under a U.S. Government contract (W-7405-ENG-
36) by the Los Alamos National Laboratory, which is operated by the University
of California for the U.S. Department of Energy. The U.S. Government is li-
censed to use, reproduce, and distributed this software. Permission is granted
to the public to copy and use this software without charge, provided that this
Notice and any statement of authorship are reproduced on all copies. Neither
the Government nor the University makes any warranty, express or implied, or
assumes any liability or responcibility for the use of this software.

The following notice is specific to the use by the United States Government.

NOTICE: The Government is granted for itself and others acting on its
behalf a paid-up, non-exclusive, irrevocable worldwide license in this data to
reproduce, prepare derivative works, and perform publicly and display publicly.
Beginning five (5) years after (date permission to assert copyright was obtained),
subject to two possible five year renewals, the Government is granted for itself
and others acting on its behalf a paid-up, non- exclusive, irrevocable worldwide
license in this data to reproduce, prepare derivative works, distribute copies to
the public, perform publicly and display publicly, and to permit others to do so.
NEITHER THE UNITED STATES NOR THE UNITED STATES DEPART-
MENT OF ENERGY, NOR ANY OF THEIR EMPLOYEES, MAKES ANY
WARRANTY, EXPRESS OR IMPLIED, OR ASSUMES ANY LEGAL LIA-
BILITY OR RESPONSIBILITY FOR THE ACCURACY, COMPLETENESS,
OR USEFULNESS OF ANY INFORMATION, APPARATUS, PRODUCT, OR
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PROCESS DISCLOSED, OR REPRESENTS THAT ITS USE WOULD NOT
INFRINGE PRIVATELY OWNED RIGHTS.



Preface

Welcome to the A++/P++ array class library. A++ and P++ are both C++
array class libraries, providing the user with array objects to simplify the devel-
opment of serial and parallel numerical codes. C++ has a collection of primitive
types (e.g., int, float, double), A++ and P++ add to this collection the types
intArray, floatArray, doubleArray. The use of these new types are as indistin-
guishable as possible from the use of the compiler’s builtin types. Since A++
and P++ faithfully represent elementwise operations on arrays whether in a se-
rial or parallel environment, numerical codes written using these types are thus
easier to develop and are portable from serial machines to parallel machines.
This greatly simplifies the development of portable code and allows the use of a
single code on even very different architectures (using codes originally developed
on PC’s or workstations). It is hoped that the A++P++ classes provide the
user a sufficiently high level to insulate him /her from machine dependencies and
yet low enough a level to provide expressiveness for algorithm design!.

The purpose of this work is to both simplify the development of large numer-
ical codes and to provide architecture-independence through out their lifetimes.
By architecture independence we mean an insulation from the details of the par-
ticular characteristics of the computer (parallel or serial, vector or scalar, RISC
or CISC, etc.). A degree of serial architecture independence already comes
from the use of C++, FORTRAN, and other high level languages, but none of
these insulate the programmer from details of parallel computer architectures.
Message passing libraries provide a common means to support parallel software
across several conceptually similar computer architectures, but this does not
simplify the complexities of developing parallel software. The A++/P++ array
classes are intended to hide the details of the computer architecture including
its parallel design (where one exists).

The use of the array objects provided in the A++/P++ class library is
much like scalar variables used in FORTRAN, C, or C++. In many respects
the array objects are identical to FORTRAN 90 arrays, the principle difference
is that these array classes require no specialized parallel compiler (since we use
any C++ compiler, all of which I am aware), thus providing a great deal of
portability across machines. Specifically, the same code written for a PC or

LYou be the judge!
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SUN workstation, runs on the Cray or CM-5 2, or the Intel i860, etc.

2The CM-5 is a particularly difficult machine to program due to its use of multiple vector
units on each node.



Forward

A++ is a serial C++ array class, P4+ is the parallel version of the exact same
array class interface. A++/P++ can be characterized as a parallel FORTRAN
90 in C++; fundamentally, A++/P++ is simple. A++/P++ is a library and
not a compiler and that is its most attractive feature. It is fundamentally simpler
than a compiler and builds on top of existing, and well optimized, serial compiler
technology. Since it is a library in C++, it works with other compilers (any C++
compiler, we have found) and reserves to those compilers (and future C++
compilers that will to a better job) local code optimizations that are machine
dependent. Since A++/P++ is a library it can be used with new features of
C++ as they are available without resource consuming retrofit of features into
research compilers. Templates, for example, represent a substantial problem to
research compilers, but since A++/P++ is just more C++ code it works with
any of the new C++ compilers.

A++ has been tested and used at Los Alamos National Laboratory since
late 1993, and has proven quite stable since summer 1994. Work on P++ is
more recent, continued work will be required for a while still. Separate research
work is attempting to address higher efficiency for the array class work, this an
other work represents collaborative work with other people at Los Alamos and
different universities.
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Chapter 1

Tutorial

1.1 Introducton

The A++/P++ Library represents array classes written in C++, which seek to
simplify scientific programming by providing a general object-oriented frame-
work in which to develop both serial (A++) and parallel codes (P++). It is
intended to be simple, abstracting away much of the architecture dependence
and ”bookkeeping” associated with scientific (especially parallel) programming,
allowing the researcher /programmer to concentrate on the rapid development of
algorithms and/or production of stable software. For more information see the
A-++4/P++ Manual or the A++/P++ Home Page (listed on the front cover).

The A++/P++ is focused on arrays as objects, which encapsulate both
data and the operations which can be performed on that data (methods). This
approach allows, the programmer to use the A++/P++ data types (intArray,
floatArray and doubleArray) much like they currently use the primitive types
(int,float and double) available in standard C++. P++ uses a SPMD (single
program multiple data) implementation of a data parallel programming model.
The data parallel model is implemented using two communication models, which
allow 1)for efficient communication between aligned and unaligned array oper-
ations and 2) the necessary congruence between serial and parallel libraries.

This tutorial steps through a number of example A++/P++ programs. The
examples illustrate some the main concepts in the A++/P++ including: ab-
straction of the user from machine dependencies, reuse of serial code in a par-
allel environment, dimension independence in scientific computations, access
to FORTRAN 77 (mixed language programming), etc. We present whole (yet
simple) A++4/P++ applications, the example applications are kept small so
as to be presentable in this tutorial style. Each example generally contains 1)
A brief introduction 2) The A++/P++ source code, which includes numerous
comments discussing the various ways used to the A++/P++ data structures
and associated methods 3) Output from Code.

13
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1.2 Examples

1.2.1 Example la. ”Hello, World”

This is the simplest A++/P++ example. It illustrates some of the basic features
of A++/P++.

#include <A++.h> // this is included in every A++/P++ application
int main(int argc,char** argv)

{

// We are instancing the doubleArray object. Though it looks like a
// standard Fortran array, it’s not

doubleArray A(10);

doubleArray B(10);

// Initialize A and B
A=2;
B=3;

Illustration of the methods associated with doubleArray Objects
‘‘display’’ is used to show the values of the Object

A.display(‘‘This is the doubleArray Object A’’);
B.display(‘‘This is the doubleArray Object B’’)

// We can add to array objects with the ‘‘+’’ operator
A=A+B;

A.display(¢‘Addition of A and B’7);

}

The output from the “Hello,World” program.

doubleArray: :display() (CONST) (Array_ID = 1) -- This is the doubleArray Object A
Array_Data is a VALID pointer = 3c000 (245760)!

AXISO ——=>: (. 00 ¢ 1 C 2> 3¢ 4o 5 C 6 7 8 9
AXIS 1 ( 0) 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000

doubleArray: :display() (CONST) (Array_ID = 2) -- This is the doubleArray Object B
Array_Data is a VALID pointer = 3e000 (253952)!

AXIS 0 —-=>: (. 00 C O 22 3 9 C B C 6 7 8 9
AXIS 1 ( 0) 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000 3.0000

doubleArray: :display() (CONST) (Array_ID = 1) -- Addition of A and B

Array_Data is a VALID pointer = 44000 (278528)!

AXISO —-—>: (. 00 C 1 22 3 C 4 C 58 6 C 7C 8 9
AXI1IS 1 ( 0) 5.0000 5.0000 5.0000 5.0000 5.0000 5.0000 5.0000 5.0000 5.0000 5.0000
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1.2.2 Example 1b. “Parallel Hello World”

The program below is a parallel version of the Example 1a., and illustrates one
of the guiding ideas behind A++/P++, serial code reuse. With the addition of
3 lines, the serial code above becomes an SPMD parallel code .

#include <A++.h> // this is included in every A++/P++ application

int main(int argc,char** argv)

{

// The next two lines are needed to "parallelize" the serial code.
Number_of_Processors=2;

Optimization_Manager::Initialize_Virtual_Machine(" ",Number_of_Processors,argc,argv);

// Instantiation of the doubleArray Object, (notice the similarity to a Fortran array)
doubleArray A(10);
doubleArray B(10);

// Initialize A and B
A=2;
B=3;

// Illustration of the methods associated with doubleArray Objects

// ¢‘display’’ is used to show the values of the Object
A.display(‘‘This is the doubleArray Object A’’);
B.display(‘‘This is the doubleArray Object B’’)

// We can add array objects with the ‘‘+’’ operator
A=A+B;
A.display(¢‘Addition of A and B’7);

// 3rd (and final) line necessary to parallelize code.
Optimization_Manager::Exit_Virtual_Machine();

The calls to the OptimizationManager are required because we must specify
some information to the message passing libraries (PVM or MPI). For PVM
we require 1). The number of Processes to be started 2). The name of the
executable that each process should start. MPI requires the argc and argv
arguments. The final P++ specific call

Optimization_Manager Exit_Virtual_Machine()

shuts down the virtual machine. The specification of the number of processors
is a specification of the virtual process space, and independent of the number
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of processors physically available. At present we use MultiBlock Parti within
P++, this corresponds to the initialization of the virtual processor space within
MultiBlock Parti'. The programs above use only one of the 3 type of array
objects available in A++4/P++. The other object types being intArray and
floatArray.

1.2.3 Example 2. 1-D Laplace Equation Solver

This example program solves the 1-D Laplace equation, U,, = 0 subject to
U(0)=1 and U(1)=1 with Jacobi relaxation.

//This example illustrates the "proper" use of the A++/P++ libs.

// The idea is to avoid scalar indexing (eg. the kind of indexing

// you normally do in fortran or C) through the use of

// the Index and Range Objects. Scalar indexing is

// very slow, especially for P++, inwhich the arrays are distributed

// over the processors, and considerable amount of communication is necesary to
// retrieved the indexed values.

#include <A++.h>
#include <time.h>

main(int argc,char** argv)

{

int num_of_process=4;

Optimization_Manager::Initialize_Virtual_Machine(" " ,num_of_process,argc,argv);

// Instance the doubleArray objects //

int grid_size=10;

doubleArray Solution(grid_size);
doubleArray Solution2(grid_size);
doubleArray temp(grid_size);

//0ther variables

double timel,time2,time_total,time2_total;

double Jacobi=5; // number of steps in the Jacobi relaxation
int 1i,j;

//Instance the Range(or Index) objects
Range I(1,grid_size-2,1);

//Initialize the doubleArray objects//

IThis is a library available from the University of Maryland
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Solution=0.0;
Solution2=0.0;
Solution(I)=1.0;
Solution2(I)=1.0;

// Solving 1-d equation using Index object.
timel=clock();

for (i=1;i<=Jacobi;i++){
Solution(I)=(Solution(I-1)+Solution(I+1))/2; }
time2=clock();

Solution.display("index");
time_total=time2-timel;

printf ("index done");

// equivalent expression with scalar (array) indexing //
timel=clock();

for (i=1;i<=Jacobi;i++){

for (j=1;j<=8;j++){

temp (j)=(Solution2(j-1)+Solution2(j+1))/2;}

for (j=0;j<=9;j++){

Solution2(j)=temp(j);2}}

time2=clock();

time2_total=time2-timel;

Solution2.display("scalar");

// times taken by
cout <<time_total<<" "<<time2_total<<"\n";
printf ("program terminated properly");

Optimization_Manager: :Exit_Virtual_Machine();

}

Output from Example 2:

Application_Program_Name set to something (Application_Program_Name =
/n/c3servew/nehal/testcode/pring)

My Task ID = 262149

My Process Number = 0

ek K R R R R R R R R R ok ok ok ok ok ok ok ok 3K K 3K 3 3K 3K 3K Kk s o o o ok ok ok ok ok ok oK

P++ Virtual Machine Initialized:
Process Number
Number_0f _Processors 2

Application_Program_Name /n/c3servew/nehal/testcode/pring
oKk R KKK R KRR KK R KK o KK K S KK K K o o

0

17
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doubleArray::display() (CONST) (Array_ID = 1) -- index

SerialArray is a VALID pointer = 6c000!

doubleSerialArray::display() (CONST) (Array_ID = 8) -- index

Array_Data is a VALID pointer = 82000 (532480)!

AXISO ——=>: (. 00 ¢ 1 C 2> 3¢ 4o 5 C 6 N 8 9
AXIS 1 ( 0) 0.0000 0.3125 0.6250 0.7812 0.9062 0.9062 0.7812 0.6250 0.3125 0.0000

index donedoubleArray::display() (CONST) (Array_ID = 3) -- scalar

SerialArray is a VALID pointer = 6c024!

doubleSerialArray::display() (CONST) (Array_ID = 8) -- scalar

Array_Data is a VALID pointer = 82000 (532480)!

AXIS 0 —-=>: (. OO C O 22 3 9 C B C 6 7 8 9
AXIS 1 ( 0) 0.0000 0.3125 0.6250 0.7812 0.9062 0.9062 0.7812 0.6250 0.3125 0.0000
program terminated properlyExiting P++ Virtual Machine!

110000 210000 // "times" for Index and scalar indexing

1.2.4 Example 3. Distribution of Arrays in P++
This example illustrates the partitioning of arrays by P++.

// This example shows the "partitioning" of arrays

// with the use of the Paritioning_Type object

// It will also illustrate the manipulation of a "local array", within P++.
!/

#include <A++.h>

#include <P++.h>

main(int argc,char** argv)

{

int num_of_process=10;
Optimization_Manager::Initialize_Virtual Machine("" ,num_of_process,argc,argv);

//Build partition object which uses 5 processors (0-4)

Partitioning_Type PartitionA(3);

//Now divide intArray A among the Processors

intArray A(10,10,PartitionA); // A is partitioned among the first 3 processors
// if no partitiong object is specified then
// the Array is paritioned among the total
// number of processors (in this case 10)

// Assign "A" an initial value with Index Operators

A=10;

// We can use a mix of Index object(s) and scalar indexing to assign

// values to A

Index I(0,7); // I=[0..7];

ACI,1)=1; // Notice that we can mix the Index operator and a scalar index
A(I,2)=2;

A(1,3)=3;
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// Display "A". A++ uses a FORTRAN style array A(cols,rows). See
// the output. Each processor prints out it’s local piece of

the distribted array

A.display();

// As stated above, P++ is single program multiple data (data parallel), so a single
// P++ program is running on all the processors. However, each processor has

// only a small portion of the global data. This data is paritioned automatically

// P++, and communication is done implicitly after each each statement

// In the case of <type>Array, each processor

// keeps a small amount of the global Array, which is infact an A++ Array

// object. Thus we can if we wish extract and manipulate "local" data

// Extract "Local_Array" from the global Array A
intSerialArray Local_Array=A.getLocalArray();

// Let’s use some of the "size" methods in A++

int Num_of_Cols=Local_Array.elementCount(); // total size of Local_Array
int Base_O_axis=Local_Array.getBase(0); // base value for 0 axis

int Bound_0_axis=Local_Array.getBound(0); // bound for O axis

// Display "Local_Array". If you are using PVM look in your
// pvml file to see results (usually in the /tmp directory).
Local_Array.display();

}

Output from example 3

Application_Program_Name set to something (Application_Program_Name =
/n/c3servew/nehal/testcode/distrib)

My Task ID = 262199

#### My Process Number = 0

ek ok R K R R R R R R R ok sk ok ok ok ok ok ok 3K KoK 3 3K K 3K Kk s ok o o ok ok ok ok Kok oK

P++ Virtual Machine Initialized:
Process Number
Number_0f _Processors 10

Application_Program_Name /n/c3servew/nehal/testcode/pringle2
oKk R KKK R KKK KK KK KK K S KK K K o

0

intArray::display() (CONST) (Array_ID = 1) --

SerialArray is a VALID pointer = 6e000!

intSerialArray::display() (CONST) (Array_ID = 4) --

Array_Data is a VALID pointer = 82000 (532480)!

AXIS O —==>: (. 00 C 1 C 20 3)C 4 C 5B C 6 C 7T C 8(
9)
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AXIS 1 ( 0) 10 10 10 10 10 10 10 10 10 10
AXIS 1 ( 1) 1 1 1 1 1 1 1 10 10 10
AXIS 1 ( 2) 2 2 2 2 2 2 2 10 10 10
AXI1IS 1 ( 3) 3 3 3 3 3 3 3 10 10 10
AXIS 1 ( 4) 10 10 10 10 10 10 10 10 10 10
AX1IS 1 ( 5) 10 10 10 10 10 10 10 10 10 10
AXIS 1 ( 6) 10 10 10 10 10 10 10 10 10 10
AXIS 1 (. 7) 10 10 10 10 10 10 10 10 10 10
AXIS 1 ( 8) 10 10 10 10 10 10 10 10 10 10

AXIS 1 ( 9) 10 10 10 10 10 10 10 10 10 10
intSerialArray::display() (CONST) (Array_ID = 2) --
Array_Data is a VALID pointer = 7e000 (516096)!

AXIS O --=>: (. 0) ( 1) ( 2)
AXIS 1 ( 0) 10 10 10
AXIS 1 ( 1) 1 1 1
AXIS 1 ( 2) 2 2 2
AXIS 1 ( 3) 3 3 3
AXIS 1 ( 4) 10 10 10
AXIS 1 ( 5) 10 10 10
AXIS 1 ( 6) 10 10 10
AXIS 1 ( 7) 10 10 10
AXIS 1 ( 8) 10 10 10
AXIS 1 ( 9) 10 10 10

Output in the pvml files

[t80040000] [t40042] My Task ID = 262210

[t80040000] [t40042] My Process Number = 1

[t80040000] [t40042]

[t80040000] [t40042] sksksksksokskskhokkokskoskeok koo ok s ok ke ook s ko sk ok ke sk ek ek o ko ok o
[t80040000] [t40042] P++ Virtual Machine Initialized:

[t80040000] [t40042] Process Number =1

[t80040000] [t40042] Number_0f_Processors = 10

[t80040000] [t40042] Application_Program_Name =/n/c3servew/nehal/testcode/distrib
[t80040000] [t40042] sakkokokokskokkok kok skok kok kok ok kok sk kok ok ok ok sk ok skokok ok skok ok kok kok ok okok o ko ok ok
[t80040000] [t40042]
[t80040000] [t40042] AXIS
[t80040000] [t40042] AXIS
[t80040000] [t40042] AXIS
[t80040000] [t40042] AXIS
[t80040000] [t40042] AXIS
[t80040000] [t40042] AXIS
[t80040000] [t40042] AXIS
[t80040000] [t40042] AXIS
[t80040000] [t40042] AXIS
[t80040000] [t40042] AXIS
[t80040000] [t40042] AXIS

-—=>: ( 3 C 4 C b5
0) 10 10 10
1) 1 1 1
2) 2 2 2
3) 3 3 3
4) 10 10 10
5) 10 10 10
6) 10 10 10
7 10 10 10
8) 10 10 10
9) 10 10 10

e k=)

[t80040000] [t40043] My Task ID = 262211

[t80040000] [t40043] My Process Number = 2

[t80040000] [t40043]

[£80040000] [£40043] sk kkskkskskokok kokokokkosdkok ok koo ok ook ok ok ok ko koo ok kokok ok ko ko ok ok
[t80040000] [t40043] P++ Virtual Machine Initialized:

[t80040000] [t40043] Process Number =2

[t80040000] [t40043] Number_0f _Processors = 10
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[t80040000] [t40043] Application_Program_Name =/n/c3servew/nehal/testcode/pringle2
[t80040000] [t40043] skakskokokokskokkokkok kok kok ok ok ok kok ok kok s ko ok skok sk okokoskok ok skok sk skok sk ok ok ok ok

[t80040000] [t40043]

[t80040000] [t40043] AXIS O --=>: ( 6) ( 7> C 8 ( 9
[t80040000] [t40043] AXIS 1 ( 0) 10 10 10 10
[t80040000] [t40043] AXIS 1 ( 1) 1 10 10 10
[t80040000] [t40043] AXIS 1 ( 2) 2 10 10 10
[t80040000] [t40043] AXIS 1 ( 3) 3 10 10 10
[t80040000] [t40043] AXIS 1 ( 4) 10 10 10 10
[t80040000] [t40043] AXIS 1 ( 5) 10 10 10 10
[t80040000] [t40043] AXIS 1 ( 86) 10 10 10 10
[t80040000] [t40043] AXIS 1 ( 7) 10 10 10 10
[t80040000] [t40043] AXIS 1 ( 8) 10 10 10 10
[t80040000] [t40043] AXIS 1 ( 9) 10 10 10 10

Graphically, the distribution of a P++ array is given below

Processor 0

AXISO

00 20 5,0 90

Calculation with local

P++ Array

\) Processor 2
G&—_
\
9,

AX

Calculation with local
data

59 9

Calculation with local
data

1.2.5 Example 4. The Heat Equation

In this example we solve the non-dimensional heat equation 7} = T, subject
to two boundary conditions. T=2*x for 0 < z < .5 and T=2(1-x) .5 < z <
1, where x is the spatial variable. The equation is solved with an explicit
finite difference scheme. [G.D. Smith, Numerical Solution of Partial Differential
Equation: Finite Difference Methods, Clarendon Press, 3rd Edition. pg 12].

// In this example we solve the heat equation.
// We will solve this problem with an explicit finite difference
// scheme. See G.D. Smith pg 12.

#include <A++.h>
#include <time.h>



22 CHAPTER 1. TUTORIAL

main(int argc,char** argv)

{

int num_of_process=5;

Optimization_Manager::Initialize_Virtual_Machine("" ,num_of_process,argc,argv);

// Length of physical dimensions and Length in time dimension //
double Length_x;
double Length_t;

// number of spaces in x and t
int spaces_in_x;
int spaces_in_t;

// spatial discretization
double dx;
// temporal discretization
double dt;

int 1i,j;
int time_step;

double timel;
double time2;
double total_time;
// r= dt/(dx"2)
double r;

// initialize variables

Length_x=1;

Length_t=1;

// change this line to increase spatial resolution
spaces_in_x=12;

spaces_in_t=1000;

dx=(Length_x/spaces_in_x);
dt=(Length_t/spaces_in_t);

r=dt/ (dx*dx) ;

Index I(1,spaces_in_x-1);

doubleArray Solution(spaces_in_x+1,spaces_in_x+1);
doubleArray temp(spaces_in_x+1,spaces_in_x+1);
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// Initialize the
Solution=0.0;

// Setup boundary conditiomns //

// In this case we HAVE to use scalar index to setup the
// boundary conditions

for (i=1;i<=(int) (spaces_in_x/2);i++)
Solution(i,0)=2%i*dx;

for (i=(int) ((spaces_in_x/2)+1);i<=spaces_in_x-1;i++)
Solution(i,0)=2%(1-i*dx) ;

Solution.display("initial and boundary conditions");
timel=clock();

// Notice that we are "mixing" the Index object I and normal scalar indexing

// in this finite difference "stencil"

for (int timestep=0;timestep<=8;timestep++){
Solution(I,timestep+l)=r*(Solution(I+1,timestep)-2*Solution(I,timestep)+
Solution(I-1,timestep))+Solution(I,timestep);

}

time2=clock();
total_time=time2-timel;

Solution.display("The Solution ");
printf ("%f\n",total_time);
printf ("program terminated properly");

Optimization_Manager: :Exit_Virtual_Machine();

}

Output from Example 4

Initial Conditions
Array_Data is a VALID pointer = 84000 (540672)!

AXISO —-->: (. OO C 1 20 3 C 4 C B C 6)C 7HC 8C 9 C 10
AXIS 1 ( 0) 0.0000 0.2000 0.4000 0.6000 0.8000 1.0000 0.8000 0.6000 0.4000 0.2000 0.0000
AXIsS 1 ( 1) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AXIS 1 ( 2) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AXIS 1 ( 3) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AXIS 1 ( 4) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AXIS 1 ( 5) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AXIS 1 ( 6) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AXIS 1 ( 7) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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AXIS 1 ( 8) 0.0000 0.0000 0.0000 0.0000
AXIS 1 ( 9) 0.0000 0.0000 0.0000 0.0000
AXIS 1 ( 10) 0.0000 0.0000 0.0000 0.0000
doubleArray::display() (CONST) (Array_ID
SerialArray is a VALID pointer = 70000!

.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1) -- The Solution

I o oo

doubleSerialArray::display() (CONST) (Array_ID = 11) -- The Solution
Array_Data is a VALID pointer = aB000 (679936)!

AXISO ——=>: (. 00 C 1 C 2> 3¢ 4o 5 C 6 7N 8 9
AXIS 1 ( 0) 0.0000 0.2000 0.4000 0.6000 0.8000 1.0000 0.8000 0.6000 0.4000 0.2000
AXI1IS 1 ( 1) 0.0000 0.2000 0.4000 0.6000 0.8000 0.9600 0.8000 0.6000 0.4000 0.2000
AXIS 1 ( 2) 0.0000 0.2000 0.4000 0.6000 0.7960 0.9280 0.7960 0.6000 0.4000 0.2000
AXIS 1 ( 3) 0.0000 0.2000 0.4000 0.5996 0.7896 0.9016 0.7896 0.5996 0.4000 0.2000
AXIS 1 ( 4) 0.0000 0.2000 0.4000 0.5986 0.7818 0.8792 0.7818 0.5986 0.4000 0.2000
AXIS 1 ( 5) 0.0000 0.2000 0.3998 0.5971 0.7732 0.8597 0.7732 0.5971 0.3998 0.2000
AXIS 1 ( 6) 0.0000 0.2000 0.3996 0.5950 0.7643 0.8424 0.7643 0.5950 0.3996 0.2000
AXIS 1 ( 7) 0.0000 0.1999 0.3992 0.5924 0.7551 0.8268 0.7551 0.5924 0.3992 0.1999
AXIS 1 ( 8) 0.0000 0.1999 0.3986 0.5893 0.7460 0.8125 0.7460 0.5893 0.3986 0.1999
AXIS 1 ( 9) 0.0000 0.1998 0.3978 0.5859 0.7370 0.7992 0.7370 0.5859 0.3978 0.1998
AXIS 1 ( 10) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

So after 8 timesteps (.009 secs) the "1-d rod" has the following
temperature distribution

cC o D 22C HC HDC BC 6)C »C 8 C 9 C 10

0.0000 0.1998 0.3978 0.5859 0.7370 0.7992 0.7370 0.5859 0.3978 0.1998 0.0000

1.2.6 Example 5. Indirect Addressing

Indirect addressing allows the indexing of non-consecutive points in an array.
For example suppose we wish to index the points in the figure below:
6

Axis1

AxisO

// This example illustrates the indirect addressing in A++/P++.
// Whereas the Index and Range object contain consecutive value
// (eg.Index I(O,N) == 0,1,..N-1). Indirect addressing allows
// indexing of non-consective values.

//

//

.0000
.0000
.0000

10)

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
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#include <A++.h>

main(int argc,char** argv)

{

int num_of_process=3;

Optimization_Manager::Initialize_Virtual_ Machine(" " ,num_of_process,argc,argv);
cout << "====== Test of A++ =====" << endl;

// Index::setBoundsCheck(on); // Turn on A++ array bounds checking

int n=6;

int m;

floatArray a(n,n), b(n,n), c(n,n);
a=999. ;

b=0.;

c=999.;

// number of points to index
m=4;

// create two 1-d intArrays
intArray il(m), i2(m);

// Assign values to the intArrays
// We could also read in values from a file
for( int i=0; i<=1; i++ )
{
i1(i)= (i+1) % n;
i2(i)= (i+1) % n;

}
for ( i=2;i<=3;i++)
{
i1(1)=(>i+1);
i2(1)=(i+2);
}

il.display("Here is il1");
i2.display("Here is i2");

// now we can either assign values to these points
// or read their values

a(i1,i2)=6;

a.display("here is ax");
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b(il,i2)=c(il,i2);
b.display("here is b");

}
Output from Example 5

floatArray::display() (CONST) (Array_ID = 1) -- here is ax
Array_Data is a VALID pointer = 3c000 (245760)!

AXISO —=—>: (. 0) C 1) C 2> C 3 ¢ 4 C 5

AXIS 1 (. 0) 999.0000 999.0000 999.0000 999.0000 999.0000 999.0000
AXIS 1 ( 1) 999.0000 6.0000 999.0000 999.0000 999.0000 999.0000
AXIS 1 ( 2) 999.0000 999.0000 6.0000 999.0000 999.0000 999.0000
AXIS 1 ( 3) 999.0000 999.0000 999.0000 999.0000 999.0000 999.0000
AXIS 1 ( 4) 999.0000 999.0000 999.0000 6.0000 999.0000 999.0000

AXIS 1 ( 5) 999.0000 999.0000 999.0000 999.0000 6.0000 999.0000
floatArray::display() (CONST) (Array_ID = 2) -- here is b
Array_Data is a VALID pointer = 3e000 (253952)!

AXISO —==>: (. 0) C 1) C 2> C 3 ¢ 4 C 5
AXIS 1 ( 0) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AXIS 1 ( 1) 0.0000 999.0000 0.0000 0.0000 0.0000 0.0000
AXIS 1 ( 2) 0.0000 0.0000 999.0000 0.0000 0.0000 0.0000
AXIS 1 ( 3) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AXIS 1 ( 4) 0.0000 0.0000 0.0000 999.0000 0.0000 0.0000
AXIS 1 ( 5) 0.0000 0.0000 0.0000 0.0000 999.0000 0.0000

1.2.7 Example 6. Application of Indirect Addressing

This example calculates the jacobian of a finite element (an important step,
which maps the local finite element to the super element). The program uses
indirect addressing to get the x and y coordinates of element, but actually
calculate the jacobian in a series of FORTRAN subroutines.

#include <A++.h>

#include <math.h>

#include <fstream.h>

#include <stdlib.h>

#include <stdio.h>

//

// Application of indirect addressing to FEM
// jacobian of element.

// This allows us to call the FORTRAN subroutine test on a Sun Ultra
// The C++/FORTRAN interface is compiler and hardware specific.

//

extern "C" void test_(double*,double*,doublex) ;

main()

{

intArray MeshPts(10,4);

doubleArray Global(12,3);
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char* filename_mesh="meshdata";
char* globalpts="globalfile";
int pt[4];

char buf [80];

int 1i,j,x;

int element;

// sample data file

// element number global nodal pts
// 1 2345
// 2 4579
// 3 9563

ifstream fin(filename_mesh);

while(fin.getline(buf,80) !=0){
(void) sscanf (buf,"%i %i %i %i %i\n", &element, &pt[0],&pt[1],&pt[2],&pt[3]1);
for (i=0;i<=3;i++)
MeshPts(element,i)=pt[i];
}
fin.close();
MeshPts.display();

// Global(nodal pts,[0:1]) == Cartesian Global Coordinates
// eg. For nodal pts 1, the

// Global(1,0)=0.0 x coordinates of nodal pt 1

// Global(1,1)=1.0 y coordinates of nodal pt 1

// Read data file into MeshPts array
// global nodal pt x-coor y-coor

// 1 0.0 0.0

// 2 1.0 2.0

// 3 3.0 4.0

// 4 1.0 3.13

// 5 0.0 2.35

// 6 3.34 3.56
// T 29.38 393.0
// 8 2.3 23.3

// 9 10.23 1.29

int nodal_pt;

float valuel2];

ifstream fin2(globalpts);

// read in the datafile

while(fin2.getline(buf,80) !=0){
(void) sscanf (buf,"%i %f %f\n",&nodal_pt, &valuel[0], &value[1]);
Global(nodal_pt,0)=(double)valuel[0];
Global(nodal_pt,1)=(double)value[1];
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//Global.display();
fin2.close();

// The use indirect addressing to find the x and y coordinates of each element
// ptsx(2)=Global(MeshPts(1,2),0) =x coordinate of nodal pt 3
!/
Range I(0,3);
intArray tempArray(1,6);
doubleArray ptsx(6);
doubleArray ptsy(6);
// 1initialize variables
tempArray=0;
ptsx=0.0;
ptsy=0.0;

// The element we want to find the X and Y coordinates
int element_number=1;

//  read the global pts into an intArray
//

MeshPts(1,I).display("meshpts");
tempArray (I)=MeshPts (element_number,I);

// use indirect addressing to

// get the x and y coordinates of the element
ptsx=Global (tempArray,0) ;

ptsy=Global (tempArray,1) ;

ptsx.displayQ;
ptsy.displayQ);

// now lets calculate the jacobian for the points (ptsx and ptsy)
// Since there is FORTRAN code to do this

// We just call the it subroutine from A++.

!/

doubleArray jacob(2,2);

// change the base to work more easily with FORTRAN
jacob.setBase(1);

// The Fortran Subroutine
test_(ptsx.getDataPointer() ,ptsy.getDataPointer(),jacob.getDataPointer());

jacob.display();
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The Fortran Subroutines
subroutine test(a,b,jacob)

C Use Real*8 passing <type> double
real*8 a(5),b(5)

real*8 gpt(3), gwt(3)

real*8 r,s

real*8 nvect(10)

real*8 dnrvect(10),dnsvect(10)
real*8  jacob(2,2)
gpt(1)=-.5777

gpt(2)=.5777

gwt(1)=1.0

gwt(2)=1.3

do 10 j=1,2
do 20 i=1,2
r=gpt (i)
s=gpt (i)

call nvec(r,s,nvect)
call dnrvec(r,s,dnrvect)
call dnsvec(r,s,dnsvect)

jacob(1,1)=vectmult(dnrvect,a)
jacob(1,2)=vectmult(dnrvect,b)
jacob(2,1)=vectmult(dnsvect,a)
jacob(2,2)=vectmult (dnsvect,b)

20 continue
10 continue

end

function vectmult(a,b)
real*8 a(10)
real*8 b(10)
real*8 temp,vectmult
real*8 temp2

temp=0

do 4 i=1,4
temp2=a(i)*b(i)
temp=temp2+temp
4 continue
vectmult=temp
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return
end
subroutine nvec(r,s,nvect)
real*8 r,s,nvect(10)
integer i,j,k
do 10 i=1,10
nvect(i)=0.

10 continue

nvect (1)=.25%(1-r)*(1-s)
nvect(2)=.25%(1+r)*(1-s)
nvect(3)=.25%(1+r)*(1+s)
nvect (4)=.25%(1-r)*(1+s)
return

end

subroutine dnsvec(r,s,dnsvect)
real*8 r,s,dnsvect(10)
integer i,j,k

do 10 i=1,10
dnsvect(i)=0.0

10 continue
dnsvect(1)=-.25*%(1-r)
dnsvect (2)=-.25%(1+r)
dnsvect(3)=.25%(1+r)
dnsvect(4)=.25%(1-r)
return

end

subroutine dnrvec(r,s,dnrvect)
real*8 s,r,dnrvect(10)

integer i,j,k

do 10 i=1,10

dnrvect(i)=0.0

10 continue

dnrvect(1)=-.25%(1-s)
dnrvect(2)=.25%(1-s)
dnrvect (3)=.25%(1+s)
dnrvect(4)=-.25%(1+s)

return

end

Output from Example

This interfacing with FORTRAN is important, because it opens the possi-
bility of using A++/P++ with a number of scientific library (eg. LAPACK,
SLATEC,etc).
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1.3 Example Makefile

This example makefile shows the use of a single A++ /P++ source code which
is compiled with A++ to build the A++ application and uses P++ to build the
P++ application. The source code is unchanged and used to build both A++
and P++ application codes. While the makefile itself is somewhat complicated,
this demonstrates how a single code written for A++ can be reused to build
the equivalent P++ (parallel) application.

# The following may be changed by the user

# This works for programs in the APPLICATIONS directory

# change ARCH to match the architecture chosen during configuration (installation)
of A++/P++

ARCH = SUN4

# NOTE: APP_HOME must be a absolute path to work with some compilers
APP_HOME = L /A++

APP_INCLUDE = $(APP_HOME)/include

APPLIB_DIR = $(APP_HOME)/$(ARCH)

# NOTE: PPP_HOME must be a absolute path to work with some compilers
PPP_HOME = .. /P++

PPP_INCLUDE = $(PPP_HOME)/include

PPPLIB_DIR = $(PPP_HOME)/$(ARCH)

# This is where PVM lives at Los Alamos
PVMLIB = /usr/lanl/pvm/1ib/SUN4/libgpvm3.a /usr/lanl/pvm/lib/SUN4/libpvm3.a

CC_Compiler = CC

# koo skokoRskkok ok skkokosk ko ko sk ko sk sk stk sk ks sk kok sk ko sk sk ok sk ks sk sk ko ok ok
# You should not have to change anything below this line
#ookrokkookkokkkokdokskkokok ok dokok ok kokkoRok ok ko ook ok koo ok ko sk ook ok ok

all: riemann p++_riemann mg p++_mg array_test p++_array_test adaptive p++_adaptive

.SUFFIXES: .c .C .cc .o .cxx .a .o .cpp

#ookrokkokkkokkkokdokkkoRsk ok doksk ok kokkokok ok kR ook ok kb ok ok ko koo ok kb ook ok sk ok ok ok sk koo ok o
# Example rule for building A++ versions of codes below

#ookrokkokkkokkkokdokkkoRk ok doksk ok kokkoksk ok kR ook ok kb ok ok ko ook ok kb ook ok ok ok ok sk sk ook ok o
.C.o

$(CC_Compiler) -I$(APP_INCLUDE) $(CC_FLAGS) -c $x.C

#okrkkkokkokkok ok ok ok ok Kok Kok kR ok ok skokokok ok kR ok ok ok skokok ok ok ko ok ok ok sk ok ok ok ko Kok ok ok ok ok ok
# Test program to test random features of A++

#okrokokokokokkok ok ok ok ok ok ok kokok ok kol okl ok ko kol ook koo ok ko kool ok sk ko ok ko ok ok ok sk sk ok ok
array_test : array_test.o

$(CC_Compiler) $(CC_FLAGS) -o array_test array_test.o -L$(APPLIB_DIR)

-1A++ -1m

# This should show how lines which use A++ source build either a serial
#(A++) or parallel (P++) application
ptt_array_test : array_test.C
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$(CC_Compiler) $(CC_FLAGS) -c -I$(PPP_INCLUDE) -o p++_array_test.o
array_test.C

$(CC_Compiler) $(CC_FLAGS) -o p++_array_test p++_array_test.o
-L$(PPPLIB_DIR) -1P++ $(PVMLIB) -1lm

ok kR Kok KoK KoK KoK o KoK o K KoK o KK K KoK o KoK ok K Kok o Kok o Kok o KK ok o KK o o Kok o ok ok o Kok o Kok o ok ok Kok ok
# Riemann solver

ook ko Kok Kok KoK K oK KoK K K oK o KK o K KoK o KK ok oK KoK o K Kok o KoK o K ok o K K KoK o oK ok oK oK o Kok o Kok ok K ok ok ok
riemann : riemann.o

$(CC_Compiler) $(CC_FLAGS) -o riemann riemann.o -L$(APPLIB_DIR) -1lA++ -1m

# This should show how lines which use A++ source build either a serial
#(A++) or parallel (P++) application

pt+_riemann : riemann.C

$(CC_Compiler) $(CC_FLAGS) -c -I$(PPP_INCLUDE) -o p++_riemann.o riemann.C
$(CC_Compiler) $(CC_FLAGS) -o p++_riemann p++_riemann.o -L$(PPPLIB_DIR)
-1P++ $(PVMLIB) -1lm

#ookokkokkkokkkokdokkkoRk ok ok skokok kokkok ok ok ok ok skokok okl ok ok ok ok sk ok ok ok ok ok ok ok ok sk ok o kb o ok

# Simulation of an adaptive solver using deferred evaluation and task recognition
#okokkokkkokkkokdokkkoRskkok ok skokokkokkok ok ok ok ok skokok ok ok ok ok ook ok ok ok ok ok ok sk ko kb o skok o ok
adaptive : adaptive.o

$(CC_Compiler) $(CC_FLAGS) -o adaptive adaptive.o -L$(APPLIB_DIR) -1A++

-1lm

# This should show how lines which use A++ source build either a serial
#(A++) or parallel (P++) application

pt++_adaptive : adaptive.C

$(CC_Compiler) $(CC_FLAGS) -c -I$(PPP_INCLUDE) -o p++_adaptive.o
adaptive.C

$(CC_Compiler) $(CC_FLAGS) -o p++_adaptive p++_adaptive.o -L$(PPPLIB_DIR)
-1P++ $(PVMLIB) -1lm

# kR sokoRskokok ok skokosk ko ok skoksk ok skskok ok sk ok skok sk ks ok sk skok sk ok ok sk ok ok sk ok skok sk ok ok sk ok ok sk ok sk ok ok
# Multigrid example for 1-3D problems!

# kR soloRskokok ok skokoksk ko ok skoksk ok skl ok sk ok skok sk ko ok sk skok ok ok skok sk ks ok sk skok sk ok ok sk ok ok sk ok sk ok ok
mg: mg.o mgllevel.o pde.o mg_main.o

$(CC_Compiler) $(CC_FLAGS) -o mg mg.o mgllevel.o pde.o mg_main.o
-L$(APPLIB_DIR) -1A++ -Im

# This should show how lines which use A++ source build either a serial
#(A++) or parallel (P++) application

pt+_mg : pde.C mg_main.C mg.C mgllevel.C

$(CC_Compiler) $(CC_FLAGS) -c -I$(PPP_INCLUDE) -o p++_pde.o pde.C
$(CC_Compiler) $(CC_FLAGS) -c -I$(PPP_INCLUDE) -o pt++_mg_main.o mg_main.C
$(CC_Compiler) $(CC_FLAGS) -c -I$(PPP_INCLUDE) -o p++_mg.o mg.C
$(CC_Compiler) $(CC_FLAGS) -c -I$(PPP_INCLUDE) -o p++_mgllevel.o
mgllevel.C

$(CC_Compiler) $(CC_FLAGS) -o p++_mg p++_pde.o p++_mg_main.o p++_mg.o
p++_mgllevel.o -L$(PPPLIB_DIR) -1P++ $(PVMLIB) -1lm

# Similar Multigrid code in C
mg_c: mg_c.c
$(C_Compiler) mg_c.c -o mg_c -1lm

clean:
rm -f array_test riemann adaptive mg mg_c *.o core



1.4. MORE EXAMPLE ON THE A++/P++ HOME PAGE 33

rm -f p++_array_test p++_riemann p++_adaptive p++_mg mg_c *.o core

1.4 More example on the A++/P++4 Home Page

A++/P++ has a WWW Home Page which contains more, longer, and more
meaningful examples of A++/P++ programs. The URL for the A++/P++
Home Page is: http://www.c3.lanl.gov/dquinlan/A++P-++.html. This
site is updated regularly with the newest documentation.



