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JoeQ Overview

● A compiler system, written in Java, for analyzing Java code
● Developed by John Whaley (at Stanford!) and others
● For HW2, we will be using a small subset of the system to do code analysis 

only (no optimization yet!)
● Java bytecode is translated into an intermediate representation called 

“Quads”
○ Register machine model: All computation is performed on an unlimited set of pseudo-registers



Program Representation: A Top-Down Tour

● The top-level program: ControlFlowGraph
● Basic blocks: BasicBlock
● Individual operations: Quad



ControlFlowGraph

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

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

● ListIterator<BasicBlock> reversePostOrderIterator(): Iterate 
over all basic blocks in reverse postorder.

○ Some other orderings available - see full javadoc for details



Iterating Over Quads Directly - QuadIterator

● Loop over all Quads in a CFG (reverse postorder by default).
● Constructor: QuadIterator(ControlFlowGraph cfg)
● Standard ListIterator 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?
● 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 Iterators

Standard way to loop using iterators:

Iterator<T> it = ...;

while (it.hasNext()) {

T curr = it.next();

// process curr

}

QuadIterator 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 q : it.successors1()) {

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

}

}



BasicBlock

● A sequence of Quads which can only be entered at the beginning 
(“single-entry”)

● Access methods:
○ getQuad(int i), size()
○ iterator(), backwardIterator()
○ etc.

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



Quad Basics

● Quads contain a specific operation from a predefined set of operations
● Max of four operands: registers, constants, etc.



Quad: Accessing Operands

● These methods get a list of “defined” (outputs) and “used” (inputs) registers 
for each Quad

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

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

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



JoeQ Operands Reference



Quad: Operators

Operator getOperator()

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

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

Operator.Move



Example: Breaking Down a Quad

IFCMP_I                 R4 int, IConst: 2, LE, BB4

● What is the Operator?

● What are the Operands?
● What are the defined registers?
● What are the used registers? 



That’s it for JoeQ!

● We’ll move on to HW2-specific setup next
● Any questions?



Running Data Flow Analysis with JoeQ

The data flow framework is all defined in Flow:

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

● Flow.Analysis: Represents a data flow analysis
● 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

● To implement the transfer function, you can condition on the type of the 
Operator, or use the JoeQ built-in Visitors

● QuadVisitor: allows you to implement different behaviors for different quad 
operators. Some methods you can implement include:

■ visitQuad(Quad obj): visit every Quad
■ visitMove(Quad obj): visit a move operator
■ visitUnary(Quad obj): visit a unary operator
■ visitBinary(Quad obj): visit a binary operator

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



Visitor Example

Constant propagation from starter code



Tasks in HW2

The tasks for this homework are:

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


