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| ntroduction

¢ OO languages have powerful features
— Virtual Function Calls
— Virtual Base Classes
— Dynamic Casts
¢ But they cost
— Time (virtual calls up to 35% for C++)
— Space (virtual inheritance up to 50% for C++)
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My Thesis

¢ For statically typed OO languages
— C++
— Java
+ powerful and expensive features can be
optimized by an algorithm that is
— relatively ssimple
— very fast
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Utility/Time Hypothesis

Utility

Analysis Time
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Outline

¢ Analysis ‘/‘\ ?
— present 2 fast algorithms ‘/'\‘

¢ Transformation ‘\
¢ > ¢
e ‘\0 :>

— applications of analysis

¢ Evauation

— compare 3 algorithms ]_._l
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Analysis Framework

¢ \What classes are created?

- =
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‘/'\ ?
Analysis Framework o Do

¢ \What are the classes of each value?

obj ect->draw(); {triangle}

sign.reshape(); {rectange, square }
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‘/'\ ?

Class Hierarchy Analysis ¢ e

¢ What classes are created?
— all classes

¢ What are the classes of each value?
— the classes derived from the declared type
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N
Class Hierarchy Analysis ¢ e

¢ the classes derived from the declared type
i > rectangl e* r;
{rectangle,square}

square * s;
{square}
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N
Rapid Type Analysis o e

& What classes are created?
— the classes created in the reachable call graph

¢ \What are the classes of each value?

— the classes derived from the declared type
— that are created
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Rapid Type Analysis e

¢ the classes in the call graph

>(rectangl e::dr a@

\—/
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N
Rapid Type Analysis o e

¢ \What are the classes of each value?
— the classes derived from the declared type
— that have been created

e
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rectangl e* r;
{square}

square * s;
{square}




Rapid Type Analysis o e

¢ the classesin the call graph: {square}

rect angl e:.draw

\—/
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| ./'\ e ./}
Transformation

¢ Vvirtua base classes to non-virtual bases
& dynamic casts to static casts
¢ virtual calsto direct calls

¢ remova of dead code
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Virtual Bases

- ~

David F. Bacon
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¢ Isshape multiply
inherited?

¢ Isthat class live?

¢ If not, make shape
a non-virtual base
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Dynamic Casts

f oo( shape* p) {

square* s = dynam c_cast <squar e> p;

¢ What classes could p point to?
¢ Issquar e the only possible class type?
¢ |f so, do a compile-time cast
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./‘\ e
Virtua Cals '/>

p->draw() ;

¢ What classes could p point to?
¢ What dr aw( ) functions are defined?

o Ifonly 1draw() function
— resolve the call
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| ./'\ g ./}
Benefits of VFR

¢ TIme
— direct calls are faster
— In-lining Is possible
& Space
— unused functions can be e iminated

¢ Understandability
— programmer doesn’t see unused code

David F. Bacon 10/11/98 18



Evauation

1al

& Compare 3 fast analysis algorithms
— Rapid Type Analysis

— Class Hierarchy Analysis

— Unigue Name [Calder & Grunwald 1994]

¢ Virtual function resolution
¢ Dead code elimination

David F. Bacon
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Methodol ogy

1al

& Usereal programs as benchmarks

— 7 medium-sized programs (5000-20000 lines)

— 2 commonly used mini-benchmarks

+ Evaluate against best possible algorithm
— use dynamic traces for loose upper bounds

David F. Bacon
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Elimination of Dead Classes
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Dynamic Call Type Distribution

Calls (Optimized User Code)
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Resolved Dynamic Calls

Resolved Virtual Calls

COUN
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Why RTA Wins. | XX

- sting |
—

David F. Bacon

1al

¢ RTA finds unused classes

& String ops are in inner loops

¢ Similar win for
—tal di ct
—hotw re

10/11/98
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Why RTA Loses.sched

+ True Polymorphism

shape —|l— @ — A\

+ Parametric Polymorphism

shape — Il — Il —

p

shape2 »| A |—| A >
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Elimination of Dead Code

Dead User Code
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Speed of Analysis

Benchmark
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Comparison: Alias Analysis ]1[

& Best precision from a static analysis
¢ Complex algorithm--expensive to implement

¢ Pande & Ryder [1996] C++ implementation
— between 0.4 and 55 source lines analyzed/second

— RTA 1545 to 8250 times faster
— RTA=AA on half of their micro-benchmarks
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Comparison ]1[

¢ Grove et al [1997] Java/Cecil Implementation
— Compared CHA, RTA, more powerful algorithms
— RTA significantly more precise than CHA
— RTA significantly faster than other algorithms
— for Java, RTA speedup equivalent in 4/5 programs
— RTA usually reduced compile time
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Impact: Industry & Academia

¢ RTA currently being implemented for inclusion
In IBM’sVisual Age C++ compiler
¢ Dead data members [Sweeney & Tip 1997]

— up to 27% of data members removed
— up to 12% dynamic space reduction

¢ RTA implementations for Java
— U. Washington (Cecil group)
— IBM Santa Teresa Laboratory
— IBM Haifa Scientific Center
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Rapid Type Analysis

¢ RTA Iseffective:
—resolves 71% of virtual function calls
—reduces code size by 25%
— often as good as much more powerful alg.’s
¢ RTA Isfast:
—analyzes 3300 lines/second on 80 MHz PPC

¢ RTA ispractical
— not hard to implement, often reduces compile time
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