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High Performance Object-Oriented Computing
supported by Meta-level Architecture

TosHrYUKI TAKAHASHI ,t YUuTAKA ISHIKAWA ,tt
MITSUHISA SATO tt and AKINORI YONEZAWA!

We have been designing and developing a metalevel library that enables a class library
developer to implement a class specific optimization using the MPCH- metalevel architecture.
The data flow analyzers class library to analyze data dependencies of objects is proposed. The
method, that tells the data dependency information of a user-defined class to the metalevel,
is proposed to proceed the metalevel dependency analysis. To demonstrate the ability of the
proposed framework, a parallel class library and its optimizer using the analyzers class library
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is shown. .
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class DistArray;

$meta class DistArrayOpt :

$meta {
registTraverser(new DistArrayQpt);

public Traverser;

}
foo(DistArray &A, DistArray &B) {
for(int i = A.getLower();
i < A.getUpper(); i++)
A[i] += B[i] + 1;
}
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o ——
ExprNode VarName FuncExpr

—_—
Constant ComaExpr BlockStmt  Forstmt
DotExpr  UnaryExpr WhileStmt
PyExpr  BinaryExpr HStmt
ArrayExpr
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i = foo(x); . X
retumn §;
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$meta class Traverser {

public:

Node *traverse(Nodex);
virtual bool compStmtVisit(CompStmt*, Stmt#x);
virtual bool forStmtVisit(ForStmt*, Stmt*#);

virtual bool funcExprVisit(FuncExpr*,ExprNodesx);
virtual bool asgnExprVisit(AsgnExpr*,ExprNode*x);

};
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$meta class ODFA {
ODFA(FlowFunc, Meet, FlowEq);
analyze(Node* tree, int Iter);
Y :
$meta class FlowVar {
virtnal int equal(FlowVar, FlowVar);
};
$meta class Meet {
virtual FlowVar meet(FlowVar, FlowVar);
};
$meta class FlowFunc {
virtual FlowVar flow(Node*, FlowVar);
}; : .
$meta class FlowEq {
FlowEq(FlowFunc, Meet);
virtual void init(FlowVark);
virtual int solve(Node*, FlowVark, FlowVark);
};
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$meta{

methodDepends("DistArray::init(int)",
"DistArray::operator[](int)");

methodDepends ("Gvalue: : operator=(double)",
"Gvalue::operator double()");

methodArgDepends ("X: :foo (Y&, Z&)", 2, "Z::bar()");

noAliasedClass("CachedArray");
retInternalObj{("CachedArray: :operator (] (int)");
} ‘
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void matvec(InspectedArray<double, Block> &x,
CachedArray<double, Block> &y)
{
int i, j, k, n;
k = a.getLower();
for (i = y.getLower();
i < y.getUpper(); i++) {
y[il = 0.0;
n = rowstr[i+1] - rowstr[il;
for (j = 0; j < mn; j++) {
y[i] += alk] * x[colidx[k1];
k++;
}
}
}
H8 FUIFvEIK

void matvec_i(InspectedArray<double, Block> &x,
CachedArray<double, Block> ky)
{
int i, j, k, n;
k = a.getLower();
for (i = y.getLower();
i < y.getUpper(); i++) {
n = rowstr[i+1] - rowstr[il;
for (j = 0; j < n; j++) {
x.ref[colidx[k]];
k++;
}
}
x.updateRef () ;
}
He 4 rAry 7B
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depExpr %2 %,
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int
InspectGen: : funcExprVisit (FuncExpr *expr,
ExprNode ##ret)
{
FuncDecl *fdecl = expr->getFuncDecl();
if (fdecl != fdecllnspect) return TRUE;
ComaParam *param = expr->getParam();
fdecl = findFuncDecl(param->getParam());
Identifier *name = genSym();
fdecl = replicateAs(name, fdecl);
SetExpr depExpr;
findInspectIndex (&depExpr, fdecl);
depAnalysis (kdepExpr, fdecl);
fdecl = codeElimination(fdecl);
insertUpdateRef (fdecl);
*ret = newFuncExpr(fdecl, param->getNext());
return FALSE;
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