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Sources of Redundancy

Data Abstractions

• Is there any redundancy in the code 

below?

9-point stencil computation

a[i,j] = ...
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Macros

• Is there redundancy in the code below?
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#define larger(x,y) (x)>=(y)? (x): (y)

#define smaller(x,y) (x)>=(y)? (y): (x)

... ...

l = larger(a+b, a-b)

s = smaller(a+b, a-b)  

Function Abstraction

• Is there redundancy in the code below?
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if (find_min(list) > 0)

return find_max(list);

Other Sources

• Program monitoring

• for optimization, parallelization, correctness, or security
• Libraries

• interpreted languages
• e.g. try the following in R
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# allocate 10 million data

n = 10000000

a = rep(0, n)

# compare the speed of this

a[1:n] = 1

# with this

for (i in 1:n)

  a[i] = 1



Local Value Numbering

First Attempt

• Assumptions

• straight line code
• different names means different variables

• Example
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m = 2 * y * z

n = 3 * y * z

o = 2 * y - z

• Representation?

• Potential issues?
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8.5.1 Building a Directed Acyclic Craph

On! way to represent redundant computation explicitly is with a direcled
ac_vclic graph (DAG). In an AsT, !ach node has at nrost one parent. Thus, rhe
AsTfof the example code in Figure 8.2(aJ might be as follows:
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ln contrast, the DAG represents each distinct expression once, In a DAG a
node canhave multiple parcnts. Eachparent represents a distinci rcference to
the value represented by the nodei any node \r.ith muhiple parents must be a
redundant expression. A D G built fron the prerious AsT would looklike:

StmtList

m = 2 * y * z

n = 3 * y * z

o = 2 * y - z

Value Numbering

• Example
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a = b - c

b = a + d

c = b - c

d = a + d

• Algorithm

• assuming finite-length statements

• Extensions

• Stewart method

• Next: control flow

Super-local Value Numbering
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{06 cxeprrn 8 Introduction to Cocle optintization

Ftcunr 8.5 Example Code Fragment

considering all seven blocks in a single region, such as {A,B,G,D,E,EG},or in
a hierarchically nested set of regions, such as {A,8,{ C,I),E,4,G}. This would
allow it to use facts from C, D, and E when it consideied F, for example.

Regional methods focus on a smaller scope than the full procedur". In ,o-.
cases' this produces sharper analysis that enables a traniformation. Inside
a loop nest, for example, the compiler maybe able to prove that aheavilyused
pointer is invariant (single-valued), even though it ii modified elsewhere in
the procedure. Such knowledge may enable optimizations such as keeping the
value referenced by the pointer in a register.

The compiler can choose regions in many different ways. A region mighr
be defined by some source-code control strutture, such as a loop iest; alter-
natively, it may be a subset of the control-flow graph defined by some graph-
theoretic property, such as a dominator relatiori(see Section A.S.2).

m +a + b

n e-a + b

p +c + d

r <-c + d

q +a + b

r ec + d

e <-b + 18

s e-a + b

u <-e + f

v ea + b

w ec + d

x e-e + f

y (-a + b

z ec + d

{tii:,:iil

• Extended basic blocks

• An EBB a is a set of blocks ... 
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local value numbering
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EBB value numbering
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dominator-based VN


