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Loor OPTIMIZATIONS

v Loop Unrolling
V" Hoisting loop-invariant computations

V" Induction variable analysis

» Strength reduction
» Induction variable elimination
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COMPUTING DOMINATORS

dom(start) = {start}
N Upepred(n) dom(p)

n ﬂpepred(n) om(p)

N UsEsucc(n) om(s)

dom(n) = {n} n msesucc(n) om(s)

Y Upepred(n) om(p)

U mpepred(n) om(p)

U UsEsuco (n) dom(s)

U msESucc (n) dom(s)
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A back edge is a directed edge
where the target dominates the source.

The natural loop of a back edge t — his the set of nodes
v' dominated by h
V' that canreach t without going through h.

A graphis reducible if all cycles are natural loops.
v le., removing back edges makes the graph acyclic.
V' “Structured” code produces reducible graphs

V' Reducible graphs permit faster dataflow analyses



NATURAL Loors? REDUCIBLE GRAPHS?
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CAN THIs COoDE BE OPTIMIZED?

A[i,j] = (100 * i) * n * (c-2) * j;



LooP INVARIANT COMPUTATIONS

A computation is loop-invariant if every operand is:
v Constant
V" Or, reached only by definitions outside the loop

V" Or, reached by one loop-invariant definition.
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A computation is loop-invariant if every operand is:
v Constant
V" Or, reached only by definitions outside the loop

V" Or, reached by one loop-invariant definition.

How can we find reaching definitions?



[DENTIFY THE INVARIANT COMPUTATIONS

A[i,j] = (100 * i) * n * (c-2) * j;



HoIsTING

Invariant computations can (sometimes) be lifted out of a loop.

t <+ 0 t <+ 0

L1: 1 < 1 + 1 L1: 1 « 1 + 1
t< a+hb t< a+b
M[i] « t M[i] « t
if i < N goto L1 t« 0
X +— t M[j] <« t

if 1 < N goto L1

t<«< 0 t<«< 0
L1: if i >= N goto L2 L1: M[J] < t
14 1+1 14 1+1
t<«< a+b t< a+b
M[i] « t M[i] « t
goto L1 if i < N goto L1

L2: x < t X <t
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HoisTING A DEFINITION

Wecanhoistt < a + bif
v The definition dominates all loop exit targets where t is live,
V' and, there is only on definition of t in the loop,
V' and, tis not live entering the loop,

V' and, there are not problems with side-effects

Sometimes it helps to treat
while (e) s;
as
if (e) {
do

S
while (e);



ANOTHER EXAMPLE

Suppose we translate
for (int 1 = 0; i < 10; ++1i) sum += a[i];

as

i+ 0
L1: j < 4 * 1
k < a+j
X < *a
sum <= sum + X
1+ 1+1
if (1 < 10) goto L1
// ...only sum is live afterwards...

How could you optimize this (without using left shift)?
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INDUCTION YARIABLES

Avariable i is a basic induction variable in a loop if the only definitions of in the
loop are of the formi < i + cori < i - cwhere cisloop-invariant.

A derived induction variable is a variable whose value is a linear (affine) function
of aninduction variable.

More formally, a variable m must satisfy
V" There is one definition of min the loop
v Thedefinitionism <— j * corm < j + cwhere jisaninduction
variable and c is loop invariant.
V' And, if j is derived from the basic induction i, then

» the only definition of j reaching here is the one inside the loop
» There is no definition of i on a path from the definition of j to the
definition of m.

We say that mand j are in the same family.
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STRENGTH REDUCTION

General term for replacing expensive operations with cheap ones.

In the context of induction variables, for each derived j == a + b * 1i:
v’ Create a new variable j' that closely tracks i.
v Eg.,Aftereachi <- i + cintheloopaddj' <~ j' + b * c
V' Replace the definition of jwith j < '



EXERCISE
Apply strength reduction to the previous for-loop.

i+ 0
L1: j <~ 4 *1
k < a + j
X < *a
sum <— sum + Xx
1+ 1+1
if (i < 10) goto L1
// ...only sum is live afterwards...



DEAD CODE AND USELESS VARIABLES

A variable is dead if it will never be used.

Avariable in a loop is useless if it is dead at all loop exits, and is only used to
define itself.

Avariable in a loop is almost useless if

v itisused only in comparisons against loop-invariant values and in
definitions of itself

v’ and, there is another induction variable in the same family that is not
useless.

How do these concepts help?



