How to Add a New Phase in PIPS: the Case of Dead Code Elimination

Ronan KERYELL Corinne ANCOURT Fabien COELHO Béatrice CREUSILLET François IRIGOIN Pierre JOUVELOT Julien ZORY and many other people!

Centre de Recherche en Informatique, École Nationale Supérieure des Mines de Paris 35, rue Saint-Honoré, F-77305 FONTAINEBLEAU CEDEX FRANCE

http://www.cri.ensmp.fr/pips

December 11, 1996 CPC’96

Introduction 1

Dead code elimination is useful for:

ffl Specializing codes (e.g. after cloning or inlining) ffl Re-engineering old stratified codes ffl Cleaning up after source-to-source transformations ffl Simplifying before applying some analyses combined with partial evaluation, use-def elimination, CFG restructuring

PIPS —Introduction—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

Outline 2

ffl OCEAN example

25 out of 57 tests removed in the main procedure (6 true branches and 19 false branches) ffl Dead code elimination & related analyses ffl PIPSmake interprocedural consistency manager ffl NewGen and PIPSdbm object manager

; PIPS workbench

PIPS —Introduction—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

OCEAN (PerfectClub) 3

ffl 2D BOUSSINESQ fluid layer ffl Many options (with or without temperature, etc) ffl Initializations in subroutine START

; requires interprocedural information to simplify the code

PIPS —Example—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

Interprocedural preconditions 4 Predicates on integer scalar variables

PIPS —Dead code elimination—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

Transformation: dead code elimination 5

Use computed preconditions to remove never executed statement

I statements with false preconditions I true or false branches of tests with constant condition

compute condition anyway if any side effect!

I 0-trip loops I 1-trip loops

; iterative use-def elimination and control flow graph

restructuring and partial evaluation

PIPS —Dead code elimination—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

PIPSmake — automatic consistency manager 6

Applying a transformation or asking for an analysis:

¿Which analyses are needed for which module? ¡Just ask for it!

À la make demand driven computation

suppress_dead_code > MODULE . code
   < MODULE . code
   < MODULE . proper_effects
   < MODULE . preconditions

; extended to cope with interprocedural issues

PIPS —PIPSmake—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

Interprocedural example 7

Interprocedurality with CALLERS and CALLEES

preconditions_inter > MODULE . preconditions
   < MODULE . code
   < MODULE . transformers
   < CALLERS . preconditions

PIPS —PIPSmake—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

ffl Preconditions depend on the code ffl Dead code elimination depends on the preconditions but modifies the code

; Possible iterative refinements of the preconditions

7-1

PIPSdbm — database manager 8 Manage the PIPS resources:

ffl Automaticaly load in memory file resource if necessary ffl Architecture and memory location independent ffl Read/write NewGen objects ffl Non-NewGen objects with user-provided methods ffl Basic interface of all PIPS phases

I Persistence ; multi-run experiences I Preemption points at phase boundary I Possible external phases

PIPS —PIPSdbm—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

Newgen — Data structure manager 9

To avoid explicit management of complex data structures:

bool suppress dead code(string module)

f

/* get resources from PIPS DBM */
statement s = db get resource(DBR_CODE, module);
[...]

gen recurse(s, /* start recursion from */
  statement domain, /* domain to visit */
  dead statement filter, /* top-down decision */
  dead statement rewrite) /* bottom-up transformation */

[...] /* update resources to PIPS DBM */

g PIPS —NewGen—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

Newgen — Data structure manager 10

NewGen tool

Automatic generation from L^ATEX files

Hierarchical internal representation of PIPS:

statement = label:entity x number:int x ordering:int
         x comments:string x instruction ;
instruction = sequence + test + loop + goto:statement
         + call + unstructured ;
sequence = statements:statement* ;

PIPS —NewGen—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

NewGen — data structure manager 11

static bool dead statement filter(statement s)

f

instruction i = statement instruction(s);

if (!statement weakly feasible p(s))
  /* empty precondition */
  remove dead statement(s, i);
else f
  switch (instruction tag(i)) f
  case is instruction loop:
    loop l = instruction loop(i);
    ...
  case is instruction test:
    test t = instruction test(i);
    ...

PIPS —NewGen—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

NewGen — data structure manager 12

ffl Build complex types from lists, mappings, unions, products... ffl Accessors, constructors, destructors, readers, writers... ffl Consistency verifyer ffl Optimized generic iterators ffl Multi-language methods (C & Common-Lisp up to now) ffl Support for persistence (PIPSdbm) ffl Independent passes can be built (without PIPSmake)

PIPS —NewGen—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

C^3 Linear algebra library 13

PIPS is based on linear algebra:

– vector, matrix (e.g. Hermite form)

– linear constraints, systems (e.g. Fourier-Motzkin feasibility)

– generating systems, convex hull (Chernikova)

– simplex, PIP

bool statement weakly feasible p(statement s)

f

/* load the precondition system sc associated to s */
transformer p = load statement precondition(s);
Psysteme sc = predicate system(transformer relation(p));
/* return whether there may be a solution */
return !sc empty p(sc);

g PIPS —Linear algebra—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

Literate programming 14 PIPS source consistency is preserved automatically:

Every file is under SCCS:

development, production and release versions. PIPS —Literate programming—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

pipsmake-rc.tex 15

    \subsubsectionfDead Code Eliminationg
    %%@UserManualDocumentation: suppress_dead_code
    Function \verb+suppress_dead_code+ is used to delete non-executed code,
    ...
    %%UserManualDocumentation
\beginfverbatimg
alias suppress_dead_code ’Dead Code Elimination’
 suppress_dead_code > MODULE . code
        < PROGRAM . entities
        < MODULE . code
        < MODULE . proper_effects
        < MODULE . cumulated_effects
        < MODULE . preconditions
\endfverbatimg
\beginfPipsMenugfTransformationsg
...
   suppress_dead_code
...
\endfPipsMenug

PIPS —Literate programming—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

EPips Show 16

PIPS —Conclusion—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

Final recipe 17 The little cuisine:

Cassolette de PIPS aux phases

ffl Create NewGen objects if necessary ffl Write your code(!) to deal with one module ffl Compile, link and test with pips-makemake ffl Declare the new phase in pipsmake-rc.tex

; New interprocedural

analysis/transformation with graphical interface PIPS —Conclusion—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

PIPS — A User Perspective 18

PIPS —Conclusion—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

PIPS — Internal overview 19

PIPS —Conclusion—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

Related work 20

Other compilation workbenches...

ffl SUIF (Monica Lam, Stanford)

I rather C language oriented, + low level code generation I no interprocedural features in the released version I cannot deal with Fortran EQUIVALENCE I no PIPSmake equivalent to automatically enforce coherence

and deal with interprocedurality

I no NewGen like object manager ; write your own C++

classes

PIPS —Conclusion—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

ffl PARAFRASE 2 (Constantin Polychronopoulos, UIUC)

I no PIPSMAKE equivalent (- interprocedurality) I no NEWGEN like object manager (raw C++)

ffl POLARIS (David Padua, UIUC)

I + Fortran semantical consistency checker I no PIPSMAKE equivalent (- interprocedurality) I no NEWGEN like object manager (raw C++)

PIPS —Conclusion—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS

Conclusion 22

� PIPS = interprocedurality + semantics + linear programming � Advanced analyses and transformations � Designed as an open workbench:

I Independent developments at CEA I Quick prototyping of new phases (new regions at

Southampton U., array privatization in 2 days at CRI)

I Good platform for studying interprocedurality I HPFC for PVM, Fortran for SIMD and T3D at CEA � 8 year old and still alive... Available for Solaris 1.1.1 and

Solaris 2.5 at http://www.cri.ensmp.fr/pips

PIPS —Conclusion—

CENTRE DE RECHERCHE EN INFORMATIQUE — ÉCOLE DES MINES DE PARIS