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Predicatedcompilation

New responsibilities,opportunitiesfor theEPICcompiler
Multiple active pathsof controlthroughpredication

– Keepingoptimizationseffective
– Managingnew scheduling,registerallocationproblems
– New form for explicit speculation
– Enablingnew optimizations

Predicationentailsmuchmorethanjustremovingbranches
– Predicateoptimization[Aug99]
– Flexible controlflow expression[AHM97]
– Integratedoptimizationandschedulingmodels[Car99][EMM00]
– Predicate-awareregisterallocation[ED95][Gil96]
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Predicatedcompilationexample
if (x>-8&&x<8)

stmtA;
if (x == 0)

stmtB;

else
stmtC;
if (x < 0)

stmtD;

Source code

p2 uf = (0=0)
p1 ut,p2 of = (r1>-8)

(p1) p3 ut,p2 of = (r1<8)
(p3) p4 ut = (r1=0)
(p2) p5 ut = (r1<0)
(p3) stmtA
(p2) stmtC
(p4) stmtB
(p5) stmtD

If-converted

p3 ut,p2 uf = (0=0)
p3 at,p2 of = (r1>-8)
p3 at,p2 of = (r1<8)
p4 ut = (r1=0)
p5 ut = (r1<=-8)

(p3) stmtA
(p4) stmtB
(p2) stmtC
(p5) stmtD

Optimized

If-conversion changesbranchesto predication

Predicatedefinesemantics:unconditional, or, and

Schedulingreorderspredicatedoperations
Predicateoptimizationflattenspredicateexpressions[Aug99]

– Guardpredicateremoval
– Conditionknowledgerequiredfor � and � .
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Why dowe needanotherpredicateanalysis?

PredicateHierarchy Graph[Mah92]

– Genealogicalpredicaterelations
– Lackof canonicitylimits accuracy

P-facts[ED95]

– Extractsinvariantsfrom conditions,predicates
– Generalexpressionsolver

PredicateQuerySystem(PQS)[JS96][Gil96]

– Graphbasedonpartitionsfoundin if-convertedcode
– Expression-baseddataflow model

Non-if-conversionuseof predication
New compilationmodels
Needfor high accuracy, flexible featureintegration,production-
readyalgorithms
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ThePredicateAnalysisSystem

Objectives:

– Efficient representationandquery
– Integratedanalysisof predicatesand

conditions
– Supportgeneraluseof predication

Map program logic onto Boolean sub-
strate

– Predicatesemantics
– Conditionrelations
– Controlflow

BDD
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ReducedOrderedBinaryDecisionDiagrams[BRB90]

Canonical,givena variableorder
– Unique“formula” for eachfunction
– Optimalreuseof subexpressions
– Memoization

or
� � � � � �

Example:
� � � �

Formulaemustbedefinedat time of use

H=x+y

G=x+yF=xy

A=x

then
else
invert

1

x

yy
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Controlflow abstraction

Relevantreachingdefinitionsmustbeuniquelyidentified

Traversepredicatedefinitionsin topologicalorder

Threelevelsof supportfor predicateliveness:
(c)

(p1)p2=

(p1)

(p2)

    p1=

(p1)p2=

(p1)

(p2)

    p2=

    p1=

(p2)

(p1)p2=

(p1)

    p1=

    p1=

(a) (b)

(a) Forwardflow, singledefinition: -lessSSA

(b) Forwardflow, multiple definition: GSA

(c) General(cyclic) flow: GSA,virtual unrolling
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Cyclic controlflow andvirtual unrolling
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“Virtually unroll” loopswith new SSAnames

Providesoneapplicationof loop “filter” to unknowns

Usegatingto correlatevalues
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Mappingconditionfamiliesto Booleanspace

Conditionfamily: setof logically relatedcomparisons

– Membervaluesuniquelydeterminedgivenan“outcome”
– Mutually exclusive,collectively exhaustiveoutcomes

Finite domain: use � variablesto represent outcomes
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Mappingconditionfamiliesto BDD

Finite domain: use � variablesto represent outcomes

Conditionformulaeform basisfor predicategraph
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Mappingpredicatedefinesemantics

Eachpredicatedeposittypemapsto anITE formula,e.g.

– (� ) � ut = �����	� ��


– (� ) � at = � ���	� � 
 � ���	� � � ��� � �
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Sizeof therepresentation

All Booleanfunctionrepresentationscan“explode”

– Explosionrequires numberof variables

– In BDD form, this equatesto a full binarytree
– Circuit examplefor BDD: integermultiplier

“Intermediatesize” of functiondeterminesBDD size

– � � 
 � ��� � ���

– � ��� � � ����� � ���

– bits necessaryto represent“li vevariables”
– BDD encodesall possiblepaths size

�

Variableorderingkey to controlledgrowth
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PredicateBDD growth
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Original order
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After variable sifting

Ordering“naturally” deliversreasonablesize

Potentialexponentialgrowth canbeshort-circuited

Semanticmappingachievedanefficient representation
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For furtherinformation

IMPACT publicationsandcompilerframework:
http://www.crhc .u iu c.e du/I MPACT/
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