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Midterm Topics

● All topics up to HW3/Lecture 7:
○ Dataflow Analysis
○ Partial Redundancy Elimination
○ Register Allocation
○ Instruction Scheduling



Dataflow Analysis Design

Dataflow analyses can be 
designed through a series 
of questions to ask yourself.

Let’s work through an 
example together…



Semilattice Values

What values do I need to 
keep track of at every 
program point?

● Look through the entire 
problem first - can your 
representation handle 
every instruction?

● This problem:
○ Max value for each var!
○ Min value is also 

needed for x = y - z



Direction of Analysis

Do values depend on 
previous or future 
instructions?

● Looking ahead = 
backward analysis!

● If both, may need two 
dataflow passes (e.g. 
live range)

● This problem:
○ Previous → forward



Meet Operator

When two paths meet, how 
should we reconcile their 
values?

● If x ∈ [l1, u1] on one 
path and x ∈ [l2, u2] on 
the other, what range 
of values can x take on 
after they meet?

● x ∈ [min(l1, l2), max(u1, 
u2)]



Top and Bottom Values

Based on the meet operator, 
what are ⊤ and ⊥?

● ⊤ ∧ x = x
● ⊥ ∧ x = ⊥

This problem:

[l1, u1] ∧ [l2, u2] = [min(l1, l2), max(u1, 
u2)]

⊤ = [27-1, -27]

⊥ = [-27, 27-1]



Transfer Function

How should each instruction 
modify the values?

Write OUT[b, v] as function 
of IN[b, v] (for forward 
analysis)

● x = value: OUT[b, x] = [value, 
value]

● x = y: OUT[b, x] = IN[b, y]
● x = y + value: OUT[b, x] = 

[IN[b, y][0] + value, IN[b, y][1] 
+ value]

● What if values are out of 
range after addition?



Transfer Function (cnt.ed)

● Introduce clamp(v) = 
min(27-1, max(-27, v))

● x = y + value: OUT[b, x] = 
[clamp(IN[b, y][0] + value), 
clamp(IN[b, y][1] + value)]

● x = y + z: OUT[b, x] = 
[clamp(IN[b, y][0] + IN[b, z][0]), 
clamp(IN[b, y][1] + IN[b, z][1])]

● x = y - z: OUT[b, x] = 
[clamp(IN[b, y][0] - IN[b, z][1]), 
clamp(IN[b, y][1] - IN[b, z][0])]

● Otherwise, OUT[b, x] = IN[b, x]



Boundary Condition & Interior Points

What should the boundary 
be initialized to?

● Problem-dependent!
● The most precise 

initialization is usually ⊤
● Set OUT[ENTRY] for 

forward analysis, 
IN[EXIT] for backward

Interior points initialization 
should always be ⊤ (OUT 
values for forward, IN values 
for backward)



Dataflow Analysis Design: Summary

● What values do I need to keep track 
of at every program point?

● Do values depend on previous or 
future instructions?

● When two paths meet, how should 
we reconcile their values?

● Based on the meet operator, what 
are ⊤ and ⊥?

● How should each instruction modify 
the values?

● What should the boundary be 
initialized to?

● Always initialize interior points to ⊤



Dataflow Analysis: Set-Based Analyses

● Special type of analysis: only need to keep track of a single true/false for each 
e ∈ U (e.g. each variable, each instruction, each definition)

● Can represent them in semilattice as subsets of U!
○ Inclusion in set = true, Exclusion in set = false

● Two broad classes based on the meet operator:
○ “May” analysis (e.g. Reaching Definitions): union as meet operator, ⊤ = empty set
○ “Must” analysis (e.g. Available Expressions): intersection as meet operator, ⊤ = U



Partial Redundancy Elimination

Precompute an expression 
(e.g. y + z), store it in a new 
variable (e.g. t), then replace 
occurrences of the former 
with the latter.

Where should the 
precomputations be inserted?



Partial Redundancy Elimination

Some intuition for what the solution 
should look like:

● Add definitions to paths leading 
to uses, as close to their use as 
possible

● Each path leading to each use 
must have exactly one definition 
of its current value

● Earlier definitions can cover 
later uses if the expression 
value is unchanged

● If a definition is only used once, 
discard it



Partial Redundancy Elimination

Preprocess first! Add empty blocks 
on each which leads to a block with 
multiple predecessors.

Four dataflow passes of the Lazy 
Code Motion algorithm:

1. Anticipated expressions 
(backwards must)

2. Available expressions 
(forwards must)

3. Postponable expressions 
(forwards must)

4. Used expressions (backwards 
may)



Anticipated & Available Expressions

Anticipated: Program points where 
the expression definitely will be used 
on all future paths

Available: Assuming we place 
definitions at anticipated points, 
where will its value be available?

Earliest = Anticipated - Available



Postponable & Used Expressions

Postponable: Assuming we place 
definitions at Earliest points, how far 
down can we delay that definition 
before its value is used?

Latest = Postponability frontier

Used: Is the value of this expression 
used after this block? If not, we don’t 
need to precompute for this block.



PRE Example Solution


