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Outline of Talk

� ROSE Architecture

� AST Restructure Operations

�Building Domain Specific Languages from Libraries

�User-Defined Container Optimizations

�Annotations

�Analysis

�Example

�Related Work

� Conclusions

Diatribe Alert
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ROSE: Tool to Build Translators

int main() {
  int a[10];

  for(int i=0;i<10;i++)
    a[i]=i*i;
  return 0;
}

•ROSE AST Features:
•AST Query mechanisms
•AST Rewrite mechanisms
•Semantic actions associated with 
grammar rules
•Abstract C++ grammar is predefined
•Higher level grammars automatically 
generated from library source
•Database for Global Analysis
•Source code generation
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String-Based Rewrite of AST

Insert(targetNode, stringA, scope, location)
replace(targetNode, stringA)

Source-fragmentPrefix Postfix
FC: Fragment
Concatenator

FE: Fragment
Extractor

Front-end

…

AST fragmentDelete
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Domain Specific Languages

� Programming Languages exist to make programming productive
— General purpose languages are only generally productive
— Domain Specific Languages are much more productive

–if used in their domain

–if well designed

� Compilers have a role in automating the generation of Domain 
Specific Languages

� Observations:
— Many Languages Support Abstractions
— Libraries Define Abstractions
— No Mechanism to Communicate Semantics of Abstractions
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Constructive Definitions

� Definition: Base Language is the language used to implement all 
libraries and the target applications that use them.

� Definition: Abstract Grammar is the set of product rules minus 
those specific to any syntax.  I will use Abstract Grammar and 
Grammar interchangeably

� Definition: Domain Specific Grammar is the abstract grammar of 
the base language plus product rules specific to abstractions.

� Trick Question: What is a Domain Specific Language without a 
corresponding domain specific grammar?
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Domain Specific Languages

� Observations about this Domain Specific Grammar:

— 1) We have defined a domain specific language

— 2) Can’t add syntax (no new keywords)

— 3) Domain Specific Language build inside of base language

— 4) Not a language Extension

–Application and libraries are still written in the base language

— 5) Parser front-end need not be modified (still use EDG)

— 6) Process can be fully automated by processing the library’s definition 
(found in it’s header files)

� Language --> Grammar

— Domain Specific Languages have a Domain Specific Grammar

— Telescoping Languages have a Telescoping Grammar

Base Language

Telescoping
Language
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What Good is a Telescoping Grammar?

� Can be automatically generated
� Don’t extend the syntax of the base language
� Use same tools as base language
� Helps recognize abstractions at compile-time
� Simplifies transformations

— High degree of resolution of language/library abstractions
— Attach semantic actions to corresponding attribute grammars.

A++ Library: ~80 operators, performance penalty: 3.6

�
���
��� - δδδδ � ������������� ∇���� ν ν ν ν ∆∆∆∆��Equation:

uNew = u - dt*( u.convectiveDerivative() - nu*u.laplacian());Code:

0.5  0.3  0.3  0.2
1.0   0.9  0.9  0.8
0.9   0.8  0.8  0.7
0.8   0.7  0.6  0.7
0.9   0.8  0.8  0.7
1.0   0.9  0.9  0.8

0.5  0.3  0.3  0.2
1.0   0.9  0.9  0.8
0.9   0.8  0.8  0.7
0.8   0.7  0.6  0.7
0.9   0.8  0.8  0.7
1.0   0.9  0.9  0.8

0.5  0.3  0.3  0.2
1.0   0.9  0.9  0.8
0.9   0.8  0.8  0.7
0.8   0.7  0.6  0.7
0.9   0.8  0.8  0.7
1.0   0.9  0.9  0.8

User-Defined Container
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Simple Motivating Example

�Example Code:

�Can be parallel if:
�f.foobar is safe (see safety analysis)
�elements of list are not aliased

�After Transformation

Foo f; list mycontainer;
…
for (list::iterator i = mycontainer.begin(); i != mycontainer.end(); i++)

f.foobar(*i);

Foo f; list mycontainer;
...
SupportingOmpContainer_list mycontainer2 (mycontainer);
#pragma omp parallel for
for (int i=0; i < mycontainer2.size(); i++)

f.foobar(mycontainer2[i]);
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Attached Semantic Action (Coco)

�Transformation (SgScopeStatement rule)
Sg Sc ope St a t e me nt <u ns i g ne d  i nt  f o r Ne s t i n gLeve l >
  = SgFor St a t e me nt
( .
   bool  i s OmpFor Qu a l i f i e d  =
      o mpTr a ns Ut i l . i s Us e r De f I t e r a t o r For St a t e me n t ( a s t Nod e , f or Nes t i n gLe v e l ) ;
. )
“ ( “  SgFor I n i t St a t e me n t NT<f or Ne s t i ngLeve l > Sg Exp r e s s i onRoo t NT
     Sg Exp r e s s i onRoot NT SgBa s i cBl oc k NT<f o r Ne s t i ng Lev e l +1>
“ ) ”
( .
     i f  ( i s Omp For Qua l i f i e d)  {
        s t r i ng  i Va r Na me = que r y. i t e r a t o r Var i ab l eNa me ( a s t Node ) ;
        s t r i ng  i Co n t Na me  = que r y . i t e r a t or Con t a i ne r Na me ( as t No de) ;
        s t r i ng  i Co n t Ty pe  = que r y . i t e r a t or Con t a i ne r Ty pe ( as t No de , i Co nt Na me ) ;
        s t r i ng  pa r Type Na me = ompTr a n s Ut i l . s u ppo r t i ng Pa r Ty pe( a s t Nod e , i Con t Typ e ) ;
        s t r i ng  pa r Con t Na me = ompTr a n s Ut i l . un i qu eVa r Name ( a s t Node , i Con t Name ) ;
        s t r i ng  mod i f i e dBo dySt r i ng  = omp Tr ans Ut i l . de r e f ToI nde xBo dy ( as t Node , i Va r Na me , i Con t Na me ) ;
        s t r i ng  s up por t  = pa r Type Name +”  “+pa r Con t Na me +” ( “+i Co n t Name +” ) ; \ n” ;
        s t r i ng  be f o r e For St mt  = “# pr ag ma o mp par al l e l  f or \ n” ;
        s t r i ng  newFor St mt  = “ f or ( i n t  “ +i Var Name +” =0; ”
                                      +i Var Name +” <”+pa r Co n t Na me +” . s i z e ( ) ; ”
                                      +i Var Name +” ++) ”+mod i f i e dBod ySt r i ng ;
        s t r i ng  s ub s t . r ep l ac e ( a s t Node , s u pp or t +be f o r eFor St mt +n e wFor St mt ) ;
      }
. )
|  …

Evaluation of Inherited Attribute

Evaluation of Synthesized Attribute

Call AST Rewrite Mechanism
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Transformation of Motivating Example

Foo f; list mycontainer;
...
SupportingOmpContainer_list mycontainer2 (mycontainer);
#pragma omp parallel for
for (int i=0; i < mycontainer2.size(); i++)

f.foobar(mycontainer2[i]);
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Annotation & Safety Analysis

�Summary of annotation Mechanism
�Specification of qualified container classes (by type name)
�Specification of functions side-effects

�Function name
�Names of modified global variables
�Names of modified input parameters  

�Summary of algorithm for safety analysis of parallelization
�Check form of loop header:

�for (container::iterator p = l.begin(); p != l.end(); p++)
�Find modified variables in loop body

�Check if locally declared or (*p)
�Find function calls

�Check if modifies global variables
�Find modified arguments

�Check if locally declared or (*p)
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Related Work

� Large body of autoparallelizing Fortran compilers:
— Dsystem, Fx, Vienna Fortran Compiler, Paradigm, Polaris, 

SUIF (F77, C, C++)

� Parallel STL like containers
— STAPL (parallel STL library)
— Parallel Standard Library

� Broadway Compiler (C compiler)
— More sophisticated annotation language

� Telescoping Language work at RICE
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Conclusions and Future Work

� Compile-Time optimization of a library abstraction

� Semantic-Driven parallelization of iterations over user-defined container 
similar to STL

� One possible approach to parallel STL?

� Demonstrates transformation specific annotation mechanism (not as 
powerful as that within the Broadway Compiler)

� Future Work:
— More sophisticated annotation mechanism for function side-effects

–automated support

–combined with support in ROSE for global analysis

— Specification of semantics
— Less conservative, more precise analysis
— Optimize performance of object-oriented scientific libraries


