
CS 243 Homework 1

Winter 2026

Due: January 21, 2026 at 11:59pm

Directions:

• Before starting this assignment, make sure you’ve done the textbook reading. Par-
ticularly, Section 9.6.1 discusses the dominator relationship, which is needed for the
Gradiance quizzes.

• Submit written answers via Gradescope.

• Complete the following Gradiance quizzes by the due date:

– Basic Data-Flow Problems
– Additional Data-Flow Problems

• You have two late days on assignments for the entire quarter. See course website for
details. There are no late days for Gradiance.

• This is an individual assignment. You are allowed to discuss the homework with others,
but you must write the solution individually. If you look up any material in the textbook
or online, you should cite it appropriately.
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Problem 1. Indicate which of the following operator–domain pairs defines a semilattice. If
it is a semilattice, define the top (⊤) and bottom (⊥) elements of the associated semilattice
if they exist. If it is not a semilattice, justify your answer by listing at least one semilattice
axiom that fails to hold.

1. Multiplication over the set {0, 1}.

2. Multiplication over the set {−1, 0, 1}.

3. Geometric mean
√

ab over R≥0.

4. The function f(a, b) over {0, 1} defined by:

f(a, b) :=

0 if a = 0
1 otherwise

.

5. Bitwise OR over the set of 5-digit binary strings ({00000, 00001, 00010, · · · }).
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Problem 2. Live Range Analysis.
A path is definition-free with respect to a variable y if there does not exist a definition of
variable y along that path.

The live range of a definition d : y = x + z that defines variable y includes all the program
points p such that:

1. There is a path from d to p that is definition-free with respect to y, and

2. There is a path from p to q, a statement that uses (i.e., reads) the variable y, that is
definition-free with respect to y.

To clarify, for any statement d within basic block b, there is no path from d to entry(b) (unless
b participates in a cycle in the CFG), but there is a path from d to exit(b).

Intuitively, the live range of a definition consists of points along all subsequent paths
until the variable defined is guaranteed never to be used before redefinition (or exit) along all
paths. This concept is applicable to register allocation: two definitions can be assigned to
the same register if their live ranges do not intersect.

a = x + yb0

z = 2 × ab1 a = 0b2

a = a + 1b3

b = a + zb4

print(b)b5

exit

In the above example, the live range of definition b0 is exit(b0), entry(b1), exit(b1), and
entry(b3). Notably, entry(b2) is not part of the live range of definition b0 (think of why this
is the case). Similarly, the live range of the definition b4 is exit(b4), entry(b5). The two live
ranges do not intersect, so b can reuse a’s register.

Describe an analysis that computes the live range for each definition in a program. Hint:
you may use algorithms discussed in class.
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Problem 3. For each of the following ways to mess up the reaching-definitions analysis,
draw a control flow graph that would give you a different answer from the one given by the
normal reaching-definitions algorithm.

1. You use the transfer function (genB ∪ x) − killB.

2. You take genB to be the union of the gen sets of all of the instructions in the basic
block.

3. You only do a single pass over the basic blocks in the iterative algorithm for data-flow
analysis. Your counterexample should work regardless of the iteration order over the
basic blocks.
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Problem 4. Apply the constant propagation framework described in Section 9.4 to this
control flow graph:

ENTRY

i = read()
i = 2 * i
x = 5
a = 10
b = 20
t = a + b
s = x + t

B1

if (i > 0) goto B3 else goto EXITB2

if (i is even) goto B4 else goto B5B3

a = a + 1
x = x - 1B4 b = b - 1

x = x + 1B5

t = a + b
s = x + t
i = i - 1

B6

EXIT

1. What is the ideal solution at EXIT?

2. What is the MOP solution at EXIT?

3. What is the actual dataflow analysis solution at EXIT?
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Problem 5. True or False? Briefly justify your answer.

1. If the control flow graph of a program is acyclic, then given any monotone data flow
framework with finite descending chains, how we initialize the interior points in the
iterative algorithm does not affect the result of the analysis.

2. If the depth-first ordering is used, the must-reach definitions algorithm will converge
after at most 2 iterations for any control flow graph.

3. If f is distributive over the semilattice (V, ∧, ≤), then f(x ∧ y) ≤ f(x) for any x, y ∈ V .

4. If f is distributive and x < y then f(x) < f(y).
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Problem 6. Definitions: A partially ordered set (P, ≤) is a set P along with a binary
relation ≤ over P such that, for every x, y, z ∈ P the following hold:

1. (Reflexive) x ≤ x,

2. (Antisymmetric) If x ≤ y and y ≤ x, then x = y, and

3. (Transitive) If x ≤ y and y ≤ z, then x ≤ z.

If (P, ≤) is a partially ordered set and x, y, z are elements of P , we say z is a lower bound of
x and y if z ≤ x and z ≤ y. We say z is the greatest lower bound of x and y if:

1. z is a lower bound of x and y, and

2. z is greater than every other lower bound of x and y (i.e., for any other lower bound a
of x and y, a ≤ z.)

Problems:

1. Show an example of a partially ordered set (P, ≤) and two elements x, y ∈ P that do
not have a lower bound.

2. Let (P, ≤) be a partially ordered set with the property that every pair of elements
x, y ∈ P has a greatest lower bound glb(x, y). Define the operator ◦ by x◦y := glb(x, y).
Prove that (P, ◦) is a semilattice, i.e., the operator ◦ satisfies the meet axioms.
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Problem 7. In many lower-level programming languages (e.g. C/C++), reading uninitialized
variables leads to garbage values and is technically undefined behavior. Your task is to: (1)
construct a dataflow analysis, and (2) use the analysis to warn programmers about branching
based on a variable whose value may depend on uninitialized data.

You may assume that each instruction is in its own basic block and the language has the
following constructs:

• x = c this initializes x to some constant value c.

• x = y this sets the value of x to some variable y.

• x = y + z this sums y, z and sets its value to x.

• if x >= c goto ... this compares x to some constant value c and conditionally
jumps to another basic block.

1. Describe your dataflow analysis by filling in this table:

Direction of your analysis
(forward/backward)
Lattice elements and meaning
Is there a top element?
If yes, what is it?
Is there a bottom element?
If yes, what is it?
Meet operator

Transfer function

Boundary condition
Interior points

2. State explicitly the condition when your analysis will warn the programmer that a
branching instruction

if x >= c goto ...

may depend on uninitialized data.
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Problem 8. Design a dataflow analysis for the problem of detecting what variables are
nonnegative at each program point. You should support the operations:

• x = 0

• x = read()

• x = v − w

• x = v2

Your analysis should be precise enough to determine that x is nonnegative at the EXIT
in this program:

ENTRY

x = read()
a = 0

y = x2

z = a - y
x = a - z

x = 0

EXIT

1. Describe your dataflow analysis by filling in this table:

Direction of your analysis
(forward/backward)
Lattice elements and meaning
Is there a top element?
If yes, what is it?
Is there a bottom element?
If yes, what is it?
Meet operator

Transfer function

Boundary condition
Interior points

2. When is variable v nonnegative at program point p?
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