CS 243 Winter 2026 Review Session 3: HW3:
Register Allocation, Instruction Scheduling, and
PRE

Matthew Sotoudeh (Based on Varun Desai 2025 Slides)
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Register Allocation

» Do this near the end, after other optimizations.

» Program has a large number of variables (pseudoregisters);
they need to be placed in a much smaller number of physical
registers.

» If more pseudoregisters than physical registers may not be
possible; in that case, need to spill.
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Register Allocation: Major Steps

1. Compute the live ranges for each definition of a variable.

2. Use live range analysis to split pseudoregisters so we have
more flexibility.

3. Construct interference graph based on those pseudoregisters.

4. Color the interference graph with physical registers.
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Example: What are the live ranges of each definition?

B2

d3:
dy:

B3 d5:

de:
d7:

B=A+ C;
print(B);
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Example: Split variables where possible

B2

di: Ay = 0;
Bl dr: (Cy = 0;
/
d3: A = 1; B3 ]dg:
dp: Bp = 1; /
~.
dg: = ;
By | Bl. Ar + Co;
d7: print(Bi);
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Example: Interference Graph

d1: Ao=0;
dQ: Co=0;
k///’
dz: Ap =1; ds: Ay = 2;
dy: By = 1;
~

ds: B1 = A1 + Go;
d7: print(Bi);
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Example: Interference Graph

d1 : Ao =
Go

|
o

]
o

dz: A =1
dis: Bp

1]
-

/- ,.\&

ds: B1 = A1 + Go;
d7: print(Bi);

EXIT

® -

&

6/13



Helpful Notes

» Interference graphs abstract away a lot of information.
» A triangle between A, B, C means either:

» There is one point where all three variables are live, or

» There is a point where A, B are simultaneously live, another
point where B, C simultaneously live, and another point where
A,C are simultaneously live.

» A clique of size n cannot be colored by n — 1 colors.
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Global Instruction Scheduling

> Expected execution time: sum over paths of probability of
path times runtime of path.

» Your job is to rearrange instructions in order to optimize
expected number of execution cycles.

» Try moving expensive operations up the graph.

» Focus on the most probable paths first.
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Global Instruction Scheduling

Assume: load has latency of 3 cycles, everything else just 1, known
that all pointers are ‘valid’ (safe to speculate).

’if (x) goto L2 else L3;

nop
nop
print(a);

What's the expected number of cycles for this program? What if
you speculate the a = *b;?
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Partial Redundancy Elimination

» Goal: remove unnecessary duplicate evaluations.

» First, split edges by new block when when destination has
multiple predecessors.

» For PRE, we disallow speculation: allong all paths, the same
expressions should be evaluated before and after optimization.
> Place eager evaluations once anticipated.
(Anticipation Analysis.)
» Remove duplicate computations.
(Availability Analysis.)
» Delay computing expressions when free to do so (avoids
register pressure).
(Postponability Analysis.)

» Clean up any trivial cases.
(Used Expressions Analysis.)
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Need for New Blocks

Where's the redundancy? Can PRE eliminate without new blocks?

print(a);

-
\

’print(a, b, c, d);

Adding new blocks lets us get closer to targeting paths rather than
just blocks.

11/13



Anticipated + Availability + Postponement

Try first three steps of PRE just for the expression a + b:
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Usage Analysis

Applying the PRE algorithm to one-off evalutions creates
unnecessary copies; used expressions analysis lets us easily avoid
those

t = a + b;
X = t;
print(x); T

print(a);
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