
CS 243 Homework 3

Winter 2026

Due: February 4th, 2026 at 11:59pm

Directions:

• Before starting this assignment, make sure you’ve done the textbook reading.

• Submit written answers via Gradescope.

• Complete the following Gradiance quizzes by the due date:

– Partial-Redundancy Elimination
– Data Dependences

• 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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https://suif.stanford.edu/~courses/cs243/#assignmentpolicy


Problem 1. Partial Redundancy Elimination.
Apply partial redundancy elimination to the following program. As a special case, the
expression “read()” can return different values when called at different times, and thus does
not participate in the lazy code motion algorithm.

You do not need to show the intermediate steps – just show the optimized code. You may
add basic blocks to the flow graph, but only show those that are not empty in your solution.

entry

a = 5

print(a)

b = read()

a = x + y

print(x)

a = x + y

x = 5

a = x + y

exit
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Problem 2. Register Allocation.

entry

A = 1

B = A + 2 B = 3

A = A + B A = 5

print(A, B, C) exit

Perform register allocation for the above control flow graph. Specifically, show the results of
each of the following steps:

1. Show the merged live ranges for the following program by updating the graph with
unique variable notations, e.g., replace definitions and usages of B with B1, B2, etc.
Note: if different definitions form a merged live range, use the same variable notation
(you may convince yourself that this avoids ambiguity when a used variable may come
from different definitions). We provide you with an example. For the following simple
program:

entry

A = 0;
C = 0;B1

A = 1;
B = 1;B2 A = 2;B3

B = A + C;B4

exit

The resulting updated graph is:
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entry

A1 = 0;
C1 = 0;B1

A2 = 1;
B1 = 1;B2 A2 = 2;B3

B2 = A2 + C1;B4

exit

Taking the definitions of A in B2 and B3 as example, A is live at the beginning of B4,
and both definitions reach that point, therefore they can be merged. Note: you do not
need to consider any optimization such as PRE or constant propagation.

2. Draw the register interference graph with edges between nodes that represent merged
live ranges. Using the same example program, the register inference graph should look
like:

A1

A2

B1

B2

C1

3. Color the register interference graph from the last part using as few colors as possible.
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Problem 3. Register Allocation with Spills
Apply the coloring algorithm for a machine with 3 registers to the following interference

graph. Show a possible resulting “stack” of registers and show which ones, if any, are marked
as spilled. When picking a node to spill, choose the node that is lowest in numerical order,
and always pick the first available color.
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Problem 4. Register Allocation and Live Ranges.

Part a. Show that the following graph is not 3-colorable:

0

3 4

6 7

1

2

5

8

6



Part b. Observe the control-flow graph below and answer the following questions.

1. What is the largest number of overlapping live ranges seen at any program point?

2. What is the minimum number of registers you need in order to successfully assign all
variables without spilling?

3. Now, imagine that, as part of register allocation, you can insert MOVE x y operations
that copy a value from register x to another register y. Can you allocate all of the
variables with fewer registers than before? If so, show the modified program and give
the new number of required registers.

entry

B = . . .

C = . . .

print(C)
A = . . .

print(B)
C = . . .

print(A)
B = . . .

exit
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Problem 5. Dominance Relation.

Part a. A basic block d post-dominates another block n (sometimes written d pdom n) if
all paths from n to the exit pass through d. Write a dataflow analysis that computes the set
of nodes that post-dominate it (its post-dominators). In your analysis, let B be the set of
basic blocks in the program, and bexit a dummy basic block for the exit.

Direction of your analysis
Lattice elements and meaning
Meet operator
Is there a top element?
If yes, what is it?
Is there a bottom element?
If yes, what is it?
Transfer function
Boundary condition
Interior points

Part b. A node d strictly post-dominates n if d pdom n and d ≠ n. Compute the strict
post-dominators for each basic block in the example below. You do not have to write the
block itself.

entry

x = 5A

y = 10B z = 10 Ca = zD

x = aE

exit

A :
B :
C :
D :
E :

Part c. The immediate post-dominator of a node n is the unique node that strictly post-
dominates n but does not strictly post-dominate any other node that strictly post-dominates
n. Each node other than the exit node has an immediate post-dominator. Connect each
node with its immediate post-dominator to form the post-dominator tree. Hint: as its name
implies, the post-dominator tree is a tree (it is connected and has no cycles when interpreted
as an undirected graph.)
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Problem 6. Global Instruction Scheduling
Assume you have a machine with a statically scheduled processor that can only issue one
operation every clock. All operations have a latency of one clock cycle, with the exception of
its memory load operation, which has a latency of three clock cycles. Consider the following
program, where edge labels denote the probability of taking that branch:

c = a + b;
b = c + s;

if (c ≥ 0) goto L1 else goto L2;
L0

if (b > 8) goto L3; else goto L4;L1 g = ∗a;
nop;
nop;

d = ∗g;
nop;
nop;

c = d + f ;

L2

a = ∗b;
f = b + c;

nop;
d = a − f ;

L3

print(b);
w = a + d;
t = c + w;

print(t);

L4

exit

p 1 − p

1 − p

p

All variables in the program are defined before the entry (L0) of the program. Assume that
only variable t is live at the exit of the program. Each branch in the flow graph is labeled
with the probability that it is taken dynamically. To answer the following questions, you may
apply any of the code motions discussed in class, but no other optimizations.

Is this the best globally scheduled code that can be generated given that p = 0.3? If not,
provide faster code along with its expected execution time.
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