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Remindas

* Task 1 test prograns ae die
* Task 1 due n e wek
* See thelnternals dbc and Advice @lumn

* Read 71-4 (control-Rowv analysis) and
13.2 (loop-invariant code netion)

Loops
* Loops ae extremdy important
* the Q0-100 dle
* Loop gtimization involves
* undestanding ontrol-Row structure
* sensitivity to sdeeffecting erations

* extra care n vme transformations
such as register spilling

(assical loop gotimizations

* Hoisting d loop-invariant comput at ions

%* pre-compute lefore entering the bop

s Himination d induction variables

* change p=i*w+hotp=b+wvhen wb invariant
#* Himination d null and a ray-bounds decks

* use bws d arithmetic to pove nteger range
* Loop wraling

%* to reduce rumber of contral transfers
* Loop permuation

%* to mprove @ache menory performance




Hnding lbops

* o @timize bops, we eed to bl them!

* Specibally:
* |oop-headea nod€s)
* nodes n a bop that have mmeliate

preda:essorw
* back edge(s)

* control-Row edges to peviously
executed nodes

* all nodes n the bop kody

Gontrol-Row analysis

* L3 has anly wdl-struct ured control-Row
constructs

* Hnding L3 bops 5 easy
* the translator can mark every heade
node ad kack edge when aeating the R

* But many languages have gto and d her
complex control, 0 bops @an ke hard to Pl

* [Determining the ontrol structure d a
program & clled control-Row analysis

Task note

* \We will describe rere the dassical appoach
to ontrol-Bow analysis for imperative,
Prg-orde languages

* Ths s a gneral appoach, sitable even for
languages with goto

* But for L3 it is meeh easier simply to have
the translator identif y any loops it creates

Terminology alert

%* dominators and cdominator trees

* back edge
* |loop headea

* natural loop




Daoninat ors

*admb

* nodeadominates b if every possible
execution path fromentry tobincludesa

* agomb
* astrictly dominatesbif a dom bandalb
* aidomb

* aimmaelately dominatesbif t here s moc
such that a -dom candc sdom b

Some poperties

* idom(n) is wique
* Thedomrelation is a @rtial ardering

* rel3eive, antisymmeric, and transitive

Back edges and loop heade's

A ocontrol-Bow edge k = false
J

from nodebtoais a
Futhermore, in that

case rodea s alogp
heade

Nat ural loop

* (onside a back edge from noden to modeh

* Thenatural loopof n! his the £t of nodesL
such that f or all x<h:

* h dom xand

* there s a @t h fromxtonnot containingh




A smple xanple... What about t his @ase?
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nested loops loop with GontinueO

Nested loops

* Normally we will want to focus & tention
on the nner-most loops

* Ths reguires dentifying rot only the
loops, lut t he resting 4 ructure

conditional in loop




Daoninator trees

* (oserve: Bvery node fas & most one
immeliate dminat or

* Therefore; the mmeliate dminat or
relation debes a tree < ruct ure

* noden is the @rent of nodem if n idom m

control-Bow graph dominator tree

k = false natural
[
j

Ioop\

Bl
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print j

| B5 B6
. Bak edges pint to
ancestors in the tree
" 1 1 while (...)
Limitations d nat ural loops B
else {...}
: : What if p is loop
* The rotion d natural loop 5 aly ArRALD
appgoximate
* Speciba@lly, conside the ase d t wo while (...)
nat ural loops with the ame leade’: if (<)) {..; i}
else if (i>)) {...; i--;}
Nested loops?

In general, when there s a $iared
heade, will conside this a sngle bop




A,B,C,D

\
B,C

In aloop-nest t ree, each node
represents the Bocks d a loop,
and parent nodes ae enclosing

loops

The kaves d t he tree ae the
inner-most |oops

% Cbserve: if a dom b then
* a=b a

* ais the oly immmeliate

%* b has nore than e

Gomput ing cominat ors

predecessor of b, a

immeliate pedecessor,
all d which are
dominated bya dom() = {bxr< @me)

p<predt)

Simple dgorithm

dom(entry) = {entry}

dom(n) =
D = all nodes
changed = true
while (changed) {
changed = false

for each n #entry {
old=D
_ I
D ={n} <r2) <bFed(rg)lom(p)
if D # old then changed = true
}
}

return D

GComput Ing dom

idom(n) =
D = all nodes s such that s sdom n
for each x <hD {
for eachy <mD-{x} {
if y <rsdom(x) then
D=D={y}
}
return D




Better algorithms

* Computing dominators is a ¢assic roblem
in the gudy o algorithms

* The dom dgorithm gesented here runs n
Qead), for a gaph with n rodes and e eges

* Lengauer and Brjan, n 1979, pesented
algorithms that r un in eabg(n)) o better

Loop qotimizat ions:
Hoisting d loop-invariant
comput at ions

Loop-invariant comput at ions

* A debriion
* 1= X<~y

* in a bop sloop-invariant if
* X and y ae onstants, @

* all reaching debihions d x and y ae
outside he bop, a

* only one debinion reaches x (oY), and
that debrtion is loop-invariant

Hoist ing

* |In ade to GoistO adop-invariant
comput at ion aut of a loop, we reed a pace
toput it

* We ould opy t to dl immeiiate
predecessors d t he bop heade...

* ..But we @an avoid de dplication by
inserting a rew block, called thepre-heade




pre-heades

Hoist ing @nditions

* Fao a loop-invariant debition
* dt=x<~y
* we @n hoist d into the bopd® pe-heade if

1. d® Hock dominates dl loop exits & which t is
live-out, and

2. there s mly one debhion d t in the bop, and

3. tis mot live-out of t he pe-heade

We reed to e aref ul...

* All haisting @nditions mst be stisbd!
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M[i] = t
if i<N goto L1

L2:
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Ll: Ll
if i>=N goto L2 =g ]
it=-1+ 1 t=a*b
t=a*hb M[i] = t
M[i] = t t=0
goto Ll M[j] = t

L2: if i<N goto L1
x =t L2:

violates 13 violates 2

Next t ime..

%* [nduction-variable éimination

* Bounds-checking dimination




