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A Design of OpenJIT Frontend System
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YUKIHIKO SOHDA' and KOUYA SHIMURA ft

The so-called ‘Open Compilers’ is a technique to incorporate various self-descriptive mod-
ules for language customization and optimization based on computational reflection. We
apply the open compiler technique to a Java Just-In-Time compiler to develop the OpenJIT
compiler, which allows class-specific customization and optimization, fostering research of
new compilation techniques such as application-specific customization and dynamic optimiza-
tions. The OpenJIT is largely devided into the frontend and the backend. The frontend takes
the Java bytecodes as input, performs higher-level optimizations involving source-to-source
transformations, and pass on the intermediate code to the backend. The backend takes the
intermediate code from the frontend as input, performs lower-level optimizations, and outputs
the native code for direct execution. In this paper, we describe the internal architecture of

1959

the frontend system and evaluate it for a simple loop example.
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public int[][] matmul(int[]1[] m1, int[]1[] m2) {
for (int i = 0; i < SIZE; ++i) {
for (int j = 0; j < SIZE; j++) {
for (int k = 0; k < SIZE; k++) {
TLi1[3] += m1[il[k] * m2[k][j];
¥
}
¥
return T;
}
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Fig. 6 Matrix Multiply method (before)
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public class MultiplyExpression extends BinaryExpression {

int op; // Comstruct ID

Expression left; // LHS expression

Expression right; // RHS expression

Type type; // Type of this expression

Annotation ann; // Embedded Annotation (default: null)
void code() { // Convert AST to backend-IR form

// (or bytecodes)
if (ann) ann.execute(this); // call-back for metacomputation

left.code(); // generate code for LHS
right.code(); // generate code for RHS
add (op) ; // generate code for "operator"
}
Expression simplify() {} // Simplify expression form

// (e.g. convert "a * 1" to "a")

04 0000000O0O0O0O0O0O00 Expression00000

Fig. 4 An example of Expression class for typical binary expression

public class IfStatement extends Statement {

int op; // Comstruct ID

Expression cond; // Condition expression

Statement ifTrue; // Statement of Then-part

Statement ifFalse; // Statement of Else-part

Annotation ann; // Embedded Annotation (default: null)
void code() { // Convert AST to backend-IR form

// (or bytecodes)
11 = new Label();
if (ann) ann.execute(this); // call-back for metacomputation

codeBranch(cond, 11); // generate code for Condition
ifTrue.code(); // generate code for Then-part
12 = new Label();
addGoto(12); // escape from Else-part
addLabel(11);
ifFalse.code(); // generate code for Else-part
addLabel (12); // add label for "Break" statement
}
Statement simplify() {} // Simplify statement form

// (e.g. if (true) S1 S2 => S1)

05 If000000 Statement D0 OO0

Fig. 5 An example of Statement class for “If” statement
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public class LoopTransformer extends Annotation {
int loop_nest = 0;
LocalField index;
LoopTransformer () {}

OpenJITOOOOOODOOODOOOOO 9

boolean isRegularForm(Statement init, Expression cond, Expression inc) {
// For 0000000000000O0O0D00000OOODOOO0OOOODOO0O0

}
void execute(Node root) {
if (root instanceof CompoundStatement) {

for (int i = 0; i < root.args.length; i++) { execute(root.args[il]); }

}

// 0000003000000000

else if (root instanceof ForStatement &&
root.body instanceof ForStatement &&

root.body.body instanceof ForStatement) {
if (isRegularForm(root.init, root.cond, root.inc) &&
isRegularForm(root.body.init, root.body.cond, root.body.inc) &&
isRegularForm(root.body.body.init, root.body.body.cond, root.body.body.inc)) {

// root 0O0OODOOO index OO0

// root.body.body O ForStatement 0000000000
// 000000000000000000 (01 ([ index) _) O00O0D0D0O 20000000

// 000000000000000

}r 3
else return;

} 3

08 00000000000
Fig. 8 Overview of LoopTransformer

public int[][] matmul(int[J[] m1, int[]1[] m2) {
for (int i = 0; i < SIZE; ++i) {
int tmp[] = mi[i];
for (int j = 0; j < SIZE; j++) {
for (int k = 0; k < SIZE; k++) {
T[i][j] += tmp[k] * m2[k][j];
¥
}
}
return T;

}

07 000000000000
Fig. 7 Matrix Multiply method (after)
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Table 1 Results
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