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Billy Bao

(based on Robert Chen’s 2025 slides)



JoeQ Overview

e A compiler system, written in Java, for analyzing Java code

e Developed by John Whaley (at Stanford!) and others

e For HW2, we will be using a small subset of the system to do code analysis
only (no optimization yet!)

e Java bytecode is translated into an intermediate representation called
“Quads”

o Register machine model: All computation is performed on an unlimited set of pseudo-registers



Program Representation: A Top-Down Tour

e The top-level program: ControlFlowGraph
e Basic blocks: BasicBlock

e Individual operations: Quad e =

]




ControlFlowGraph

e BasicBlock entry(): The first BasicBlock in the CFG. (This is always

empty.)
e BasicBlock exit(): The last BasicBlock in the CFG. (This is also always

empty.)
e ListIterator<BasicBlock> reversePostOrderIterator(): Iterate

over all basic blocks in reverse postorder.
o Some other orderings available - see full javadoc for details



lterating Over Quads Directly - QuadIlterator

e Loop over all Quads in a CFG (reverse postorder by default).
e Constructor: QuadIterator(ControlFlowGraph cfg)
e Standard Listlterator methods

(@)

(@)

Quad next()/Quad previous(): Move to the next/prev Quad and return it.
boolean hasNext()/boolean hasPrevious(): Is there a next/prev Quad in the
iteration?

e CFG lookup methods

(@)

(@)

Collection<Quad> successors1(): Which Quads immediately follow the current Quad
in the CFG?

Collection<Quad> predecessors1(): Which Quads come immediately before the
current Quad in the CFG?

Iterator versions also available



A Note on lterators

Standard way to loop using iterators:

Iterator<T> it = .
while (it.hasNext()) {
T curr = it.next();

// process curr

Quadlterator alsos allows doing this in reverse:
QuadIterator it = new QuadIterator(cfg, false);
while (it.hasPrevious()) {

Quad curr = it.previous();

// process curr



Example: Print Successors of Each Quad

QuadIterator it = new QuadIterator(cfg);
while (it.hasNext()) {

Quad curr = it.next();

for (Quad g : it.successors1()) {

System.out.println(qg.toString());



BasicBlock

e A sequence of Quads which can only be entered at the beginning
(“single-entry”)
e Access methods:
o getQuad(int i), size()

o 1iterator(), backwardIterator()
o etc.

e However, you're encouraged to ignore this layer of abstraction and go straight
to Quads using QuadIterator.



Quad Basics

e (Quads contain a specific operation from a predefined set of operations

e Max of four operands: registers, constants, etc.

Control flow graph for ExprTest.test (IDI:
BB@ (ENTRY) (in: <none>, out: BB2)

int test(int a) { BB2 (in: BB@ (ENTRY), out: BB3, BB4)
int b, o d, e, f'; 1 ADD_I T0 int, R1 int, IConst: 10
2 MOVE_I R3 int, TO int
c =a + 10; 3 ADD_I 70 int, R1 int, R3 int
f=a+cC; 4  MOVE_I R6 int, TO int
: IFCMP_I R6 i I . 2 LE BB4
1.f ('F o 2) { :> 5 CMP_ 6 int, Const . 5
f=f - ¢; BB3 (in: BB2, out: BB4)
} 6 SUB_I T int, R6 int, R3 int
7  MOVE_I R6 int, TO int
return f;
} BB4 (in: BB2, BB3, out: BB1 (EXIT))
8  RETURN_I R6 int

BB1 (EXIT) (in: BB4, out: <none>)



Quad: Accessing Operands

e These methods get a list of “defined” (outputs) and “used” (inputs) registers

for each Quad

o List<Operand.RegisterOperand> getDefinedRegisters()
o List<Operand.RegisterOperand> getUsedRegisters()

e RegisterOperand.getRegister().toString(): Gives unique name of
register

e UnmodifiablelList.Operand getAllOperands(): Gives all operands
(including constants, branch conditions, methods, etc.)



JoeQ Operands Reference

Operand
RegisterOperand
IConstOperand
FConstOperand
LConstOperand
DConstOperand
AConstOperand
MethodOperand
ParamListOperand
FieldOperand
TypeOperand

ConditionOperand

TargetOperand
BasicBlockTableOperand

Description

specifies an abstract location

integer constant (32 bit)

floating point constant operand (32 bit)

long integer constant operand (64 bit)

double-precision floating point constant operand (64 bit)
object reference constant

specifies the target method of a method call instruction
specifies the parameter list for a method call instruction
specifies an object field associated with a get/put field instruction
specifies a type for use in type check instructions

Specifies a condition code associated with a conditional branch
instruction

specifies the target of a branch instruction

specifies a table of targets, for use in switch instructions



Quad: Operators

Operator getOperator()

Operator has a subtype for each operation type with more descriptive methods for

fetching operands

o These have further subtypes for variants of the same operation
Determine the operation type of a Quad: e.g. q.getOperator() instanceof

Operator.Move

Operator Description

Move Move between pseudo registers

Binary Binary operation, with two sources and one
destination

Subclasses Methods
MOVE_{I,F,L,D,A} getMoveOp
getDest
getSrc
ADD_{I,L,F,D}, SUB_{I,L,F,D}, getDest
MUCSTTNITESD, (DIVEITSISSESDT, getSrci
REM_{I,L,F,D}, getSrc2

AND_{I,L}, OR_{I,L}, XOR_{I,L},
SHEEHINISH, [SHRETISIN, [UISHRESISISES
CMP_{L,F,D}



Example: Breaking Down a Quad

IFCMP_| R4 int, IConst: 2, LE, BB4
e \What is the Operator?

IntifCmp conditional branch IFCMP_{I,A}

e \What are the Operands?
e \What are the defined registers?
e \What are the used registers?

getSrc1
getSrc2
getCond
getTarget



That’s it for JoeQ!

e We'll move on to HW2-specific setup next
e Any questions?



Running Data Flow Analysis with JoeQ

The data flow framework is all defined in Flow:

e Flow.Solver: Solves a data flow problem for a specific analysis on a CFG.
o You will implement the iterative algorithm for a subclass MySolver

e Flow.Analysis: Represents a data flow analysis
e Flow.DataflowObject: Represents a semi-lattice element



Flow.Analysis

Direction of Analysis isForward()

Lattice Elements newTempVar () (Returns a new DataflowObject)

Top element DataflowObject.setToTop()

Bottom element DataflowObject.setToBottom()

Meet Operator DataflowObject.meetWith(o)

Transfer Function processQuad(q)

Boundary Condition Manipulate ENTRY/EXIT block values:
getEntry()/getExit()
setEntry(value)/setExit(value)

Interior Points Manipulate IN/OUT values for each Quad:
getIn(q)/getOut(q)

setIn(q, value)/setOut(q, Value)



Visitor Patterns

e To implement the transfer function, you can condition on the type of the
Operator, or use the JoeQ built-in Visitors
e QuadVisitor: allows you to implement different behaviors for different quad

operators. Some methods you can implement include:
m visitQuad(Quad obj): visit every Quad
m visitMove(Quad obj): visit a move operator
m visitUnary(Quad obj): visit a unary operator
m visitBinary(Quad obj): visit a binary operator

e Once you have defined a pattern, you can run the visitor pattern using
Helper.runPass(obj)



public static class TransferFunction extends QuadVisitor.EmptyVisitor
{
ConstantPropTable val;
@Ooverride
public void visitMove (Quad q) {
Operand op = Operator.Move.getSrc(q);
String key = Operator.Move.getDest(q).getRegister().toString();

Visitor Example

if (isUndef(op)) {
val.setUndef (key) ;

} else if (isConst(op)) {
val.setConst(key, getConst(op));

} else {
val.setNAC(key);

Constant propagation from starter code

}
éOverride
: : public void visitBinary (Quad q) {
pUbllC VOld pFOCGSSQuad(Quad Q) { Operand opl = Operator.Binary.getSrcl(q);
e . Operand op2 = Operator.Binary.getSrc2(q);
t ranSfe rfn = Val " COpy (1N [q ¢ getID ( ) ] ,) ; String key = Operator.Binary.getDest(q).getRegister().toString();

Operator opr = g.getOperator();

Helper.runPass(q, transferfn);

if (opr == Operator.Binary.ADD_I.INSTANCE) {

out [q.getID( )]1. copy(_transferfn_val) - if (isNAC(op1) || isNAC(op2)) {
val.setNAC(key);
} else if (isUndef(opl) || isUndef(op2)) {
val.setUndef(key);
} else { both mt b

val.setConst(key, getConst(opl)+getConst(op2));
It
} else {
val.setNAC(key);
}



Tasks in HW?2

The tasks for this homework are;:

e Implement the iterative algorithm in MySolver
e \Write the dataflow analysis for reaching definitions
e \Write the dataflow analysis for faintness



