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Presentation génerale

L_entreprise et 'encadrement:
= INRIA Rocquencourt
= Projet A3
m Encadrement: Albert Cohen
m Durée: 13 semaines (du 3 juin au 30 aout)



Presentation du stage

Buts du stage.:
m Découvrir le compilateur Open64/ORC
m Documenter le compilateur

m Implémenter une passe dans le générateur de
code.
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Structure du compilateur

FE (Front-ends)

WHIRL (Intermediate Representation)
IPA (Inter Procedural Analysis)

LNO (Loop Nest Optimizer)

. WOPT (Global Optimizer)

. CG (Code Generator)

. ORC (Open Research Compiler)



Front Ends

m Front-ends C et C++ de GCC
m Fortran 90 de Cray

m Chaque front-end a ses propres AST
m [raduction des AST vers WHIRL



WHIRL

Winning Hierarchical Intermediate Representation
Language

m 5 niveaux: VH, H, M, L, VL
m Jowering entre niveaux.
= Chaque optimization au bon niveau.
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Inter Procedural Analysis
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Inter Procedural Analysis

C front—end

C++ front—end

F90 front—end
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Inter Procedural Analysis

C front—end

C++ front—end

F90 front—end

WHIRL dumper

Linker

Inter Procedural Analysis (IPA)

Inter Procedural Optimizations (IPO)

Loop Nest Optimizer (LNO)

Main Optimizer (WOPT)

Code Generator (CG)

(Executable file )
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Inter Procedural Analysis

Rassembler lI'information sur 'ensemble du projet.



Inter Procedural Analysis

Rassembler lI'information sur 'ensemble du projet.
Solution:

m sauver la WHIRL dans les .o
m reconstruire un AST global



Loop Nest Optimizer

LNO travaille sur le High level WHIRL.



Loop Nest Optimizer

Représentations intermédiaires spécifiques:
m Array Dependence Graph
m LEGO: for data distributions
m Array and vectors accesses
m Vector space
m Systems of equations
m Polytopes



Loop Nest Optimizer

Quelques optimiseurs du LNO:
= Loop unrolling
= Hoist conditionals

m Hoist varying lower bounds

m Dead store eliminate arrays

m Loop reversal / fission / fusion / tiling
= Array scalarization

m Prefetch

m Inter iteration Common Subexpression
Elimination
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Loop Nest Optimizer

Lnoptimizer

LWN_Parentize

&

Tree nodes
linked to
their parent

[LNO_Run_Lego]
Lego_PU_Init
Lego_Read_Pragmas
Lego_Fix_Local

Lego_Fix_IO

[ LNO_Run |Lego and
not LNO_gnabled |

Lego_OZero_Driver

[not LNO_enabled and

Parallel_And_Padding |Phase

Return point

Run_autopar]

WN_Simplify_Tree

[ Run_autopar and LNO_enabled ]
IPA_LNO_Map_Calls
[LNO_Full_Unrolling_Limit 1= 0]

——
Fully_Unroll_Short_Loops

[Roundoff_Level >= ROUNDOFF_ASSOC]
™[ Build Scalar Reductions
/ REDUCTION_MANAGER
[LNO_Qpt > 0

LNO_Build_Access

Hoist_Varying_Lower_Bounds
Dead_Store_Eliminate Arrays /o, nqoft | evel >= ROUNDOFF_ASSOC]

/Fk‘rrayisutl)_smuhon Array Reductions
everse_Loops Eliminate_Zero_Mult
[LNO_Sclrze]

Scalarize_Arrays

Run_autopar]
Mark_Auto_F >_Loops

l

Process_Pragmas
(Canonicalize_Unsigned_Loops

[Run_autopar]
[ ] Perform_ARA _and P izati

l

[LNO_Run_Lego

Lego_Skew_Indices
Lego_Compute_Tile_Peel

[LNO_Run_Lego]
Lego_Interchange
Lego_Peel
Fission
Fusion

Prefetch_Driver

[LNO_Sclrze]
—

Scalarize_Arrays

[LNO_Aequiv]

Equivalence_Arrays
[ﬁ [TT_LNO GUARD] NQ Minvar]
Guard_Dos

[LNO_Cse
Build_CG_Dependence_Graph

[LNO_Run_Lego]

Lego_Lower_Pragmas
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Global Optimizer

WOPT travaille sur le Medium-level WHIRL.



Global Optimizer

Principales représentations intermediaires:
m CFG (Control Flow Graph)
m SSA (Static Single Assignement)
Quelques optimiseurs:
m SSA-PRE (Partial Redundancy Elimination)
m DCE (Dead Code Elimination)
m |[VR (Induction Variable Recognition)

= VNFRE (Value Numbering based Full
Redundancy Elimination)

m Copy propagation
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Global Optimizer

Pre_Optimizer [MAINOPT_PHASE]

LOWER_COMPLEX
PREOPT_IPAO_PHASE LOWER_BASE_INDEX
PREOPT_IPA1_PHASE

PREOPT_LNO_PHASE
PREOPT_DUONLY_PHASE
PREOPT_PHASE
MAINOPT_PHASE

LOWER_ENTRY_EXIT
LOWER_SHORTCIRCUIT
LOWER_REGION_EXITS
LOWER_BIT_FIELD_ID

[dont_opt]

cannot print WHIRL tree.
after this point.
use dump_tree_no_st

stab - Symbol Table

[WOPT_Enable_Goto and
(PREOPT_LNO_PHASE or PREOPT_PHASE)]

[WOPT_Enable_Alias_Classification]

Classily_memops.

Annotate CFG with feedback [\
from Whir

FFA=flow free alias |\
7| Create MU and CHIist

Opl_&iab —> Create

Create

Set_feedback [Cur_PU_Feedback] d
Compute_dom_tree (dom and post-dom)
Remove_fake_entrirom Whilyexit_arcs
Compute_dom_frontier
Compute_control_dependence
Analyze_loops

Opl_stab > Compute_FFA

Construct
Pointer_Alias_Analysis.

Detect_invaiid_doloops

Do. Pre. Befora. I [WOPT_Enable_IVR]

[WOPT_Enable_Copy_Propagate]
D cooy propegats
TWOPT Ensble Fold L o stoe]
’ Fold ioa iload istore
[WOPT Enable Bool Simp]
_Snmyhlyjuol,cxpy

[WOPT_Enable_DCE]
Do_dead_code_elim

Induction Variable Recognition
Dead Code Elimin

(CFG optimization [WOPT_Enable_CFG_Opt and MAINOPT_PHASE]
Second rename

Do_copy_propagate [WOPT Enable_Copy_Propagate]
Fold_lda_iload_istore [WOPT_Enable_Fold_Lda_lload_Istore]
Do_dead_code._elim [WOPT_Enable_DCE]

\Veriy_version

[WQPT Enable_Edge_Placement and MAINOPT_PHASE]

cvg > Remove_arilical_edge
o

[MAINOPT_PHASE] i
[ — ] [WOPT_Enable_Bits_Load_Store]
Tower_to_extract_compose -

50 that LPRE/SPRE wil
only work on scalars,
not bit-fields

[This_preopt._renumbers_pregs]
(comp_unit->Emitter()—>Preg_renumbering_mapf)Init(}

[Run_ipl]

(comp_unit—>Emitter() SJIANOPT_PHASE]

ey
Do_vnfre
Ve vesion

ase == PREOPT_LNO_PHASE and
“This_preopt_renumbers_pregs and
WOPT_Enable_Second_Alias_Class and
not REGION has_black_regions]
‘aias_mgr—>Forgel_alias_class_info
ALIAS_CLASSIFICATION
Classity_memoy
Transfer_alias _c!

WOPT_Enable_DCE]
{Do_dead code_eiim )

[WOPT Enable Local_Rvi]

Do_local_ni

3
lass_to_alias_manager Find_Ir_shrink_cand
[WOPT Enable Load_PRE]
(Do_load_pre)
[WOPT Enable_Store_PRE and
not WOPT_Enable_Spre_Before_ivr]

Repeat alias classification
for LNO
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Code Generator

Le générateur de code travalille sur la CGIR.

m CFG explicite

m chaque BB contient une liste d'instructions

m chaque instruction est sous la forme:

O
O
O

P result
P code

P opnd

Représentation proche du code assembleur.
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Code Generator

Principales passes du CG:
= EBO: Extended Block Optimizer
m GRA: Global Register Allocation
m LRA: Local Register Allocation
m GCM: Global Code Motion
m SWP: Software Pipelining
m ClO: Cross lteration loop Optimizations
m FREQ: fréquences d’execution des BBs
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Code Generator

G_Generate_Code
CG_Regon Inaize
Convert WHIRL_To_OPs
Spit_BBs |

Prune_Range Ut

spltargo bb's
o minimize compie spoed
and rogiser prossure

Gonfig_ptec_F

- Flage
Generate_Eniry Exit Code

(CG lacalze tns and not value_profe_need_gra)
Locaize_Any Giobal TNs
(Ensble_CG_Paephol

epnole]
£B0,_Pro_Process Regon

B0 - Extonded Block Opimizer 1N

ot level » 0 and GFLOW_ opt_before_coprep]
(CFLOW Optimzs)- -

Optinizs cantol fow [N,
st pass)

hat make things more simple.
Reordering doosn' have thal
propery.

61 res regon tree. 1N
his i part of ORC.

091 CG_PU_Has_Feodback and

o1 IPFEC_Enable_Edga. Proflo_Annol]

rvoke global aptimizationd
Josore registr alcation
Jat~02 and above,

(i-conversion)
Only works for 1A-64 at the moment

{rot IPFEC_Enable [Region_Format

on]
(HB]Fom Typeroiodie
Jpas vaial {,

Tename s I\
roquired by LRA
Optimizo contolfow [
(second pass)

o

lo_CG_Pesphok
80 _Process. egon
PQSCG reint

[T pass s not part

ot regon]
C2—> (Adust_GP_Setvp Gode

IPFEC Enablo Propass GLOS and CG_opt lovel> 1]
[Giobal rogstr alocation, Scheduing: A_LIVE It
ol

[The overal aigoritm s as folows:
I Global code motion befors ragister allocation

[FLocal register alocation
(Giobalcode mofon phase (GOM)
[-Cocal scheduiing attr egiser allcation

[Earor phases (osp. GCM)
Imighthave intoduced
local definiions and uses
for lobal Ths. Aaname them
o Tocal Th so that GRA
ldoes not have todeal with,

C_Enable_Propass_GLOS

08 and
el > 1 orvalue.profle_need gra]

A _rodo_Iveness or
IPFEC_Enable_Propass GLOS and
(CG_optlevel > 1 o val_profle_need_gra)]

LRA_Alocate_Registers

point no more spiling afe tis.

We can set the Frame. Len now.

=== Then we can go through all e
entryloxit locks and fx tho SP.

adusiment OP or deeto i I

the frame lengh s zoro

s)
[PFEC sched care_mashinelsSched._care_bundle]

Tocal-InsnSched
CGGAP_Bundle

'GG_Region Finalizo
GRALIVE_Finsh REGION
POSCG term
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Open Research Compiler

ORC est une extension du générateur de code.

= IPFEC Regions
m [f-conversion

m Predicate Relation DataBase
m Microscheduler
m Local/Global instruction scheduling
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Partial Redundancy Elimination



Partial Redundancy Elimination



Partial Redundancy Elimination

c=a+b d=a+b
a+b \ / a+b
executed twice i executed twice
exakb
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Partial Redundancy Elimination

c=a+b d=a+b
a+b \ / a+b
executed twice i executed twice
exakb

a + b is fully available
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Partial Redundancy Elimination

c=a+b d=a+b c=11 d=1t1
a+b \ / a+b \ /
executed twice i executed twice i
ezxzafpb e =11
a + b is fully available elimination of common
subexpression
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Partial Redundancy Elimination

c=a+b

\i/

e=a+b

Expressiona + b is
partially available



Partial Redundancy Elimination

tit=a+b ti=a+b
c=a+b c =t1
e=a+b e ;L 1
Expressiona + b is elimination of partial
partially available redundancy
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Code Prédicate

[ IF_COND ]

PN

) ( )

—

If—conversion

<BB1, pl> <BB2, p2>
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Code Prédicate

[ IF_COND ]

PN !

— = (pl, p2) = eval (IF_COND)
. eval (BB1) (pl)
If-conversion eval (BB2) (p2)
<BBI, p1> <BB2, p2> \L
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Sequential
Operations

1+2
2+ 2
3+6
4 +2

Code Prédicate

Execution Slots

6 instructions can be executed
in parallel on ltanium

ILP = Instruction Level Parallelism
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Code Prédicate

THEN /

-p.14

siondeOpen Research Compiler

Interface et exten



Code Prédicate

Each instruction is
predicated.

Interface et extensiondeOpen Research Compiler — p.14



ode Preédicate

Parallel execution
of two branches

|

|
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Predicate Partition Graph

B1 pO

pO

Atomic Predicates = {p0}
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Predicate Partition Graph

B1 pO
/\ |
a a
B2 pl B3 P2
pl p2

Atomic Predicates = {pl, p2}
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Predicate Partition Graph

B1 pO
/\ |
a a
B2 pl B3 P2
2~ O\ N
b/ \b
B5 D3 p4

Atomic Predicates = {p3, p4, p2}
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Predicate Partition Graph

i VN

B1 pO

2~ T\

B2 pl B3

p2

BS5

p3

p4 pS

Atomic Predicates = {p3, p4, pS, p6}

B6

p6

p3  p4  p5  p6
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Predicate Partition Graph

B1 pO
2~ O\ p
a a e
B2 pl B3 P2
B5 b3 B4 p7 B6 PO

Atomic Predicates = {p3, p4, pS, p6}
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Predicate Partition Graph

B1 pO

2~ T\

B2 pl B3

BS5

p3

B7

p8

p9

Atomic Predicates = {p3, p4 inter p8, p5 inter p8, p4 inter p9, pS inter p9, p6}

Interface et extensiondeOpen Research Compiler — p.15



Predicats atomiques

p3 p4

B4

Atomic Predicates = {p3 inter p8,
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Predicats atomiques

p3 p4

B4

Atomic Predicates = {p3 inter p8, p3 inter p9,
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Predicats atomiques

p3 p4

N

B4

Atomic Predicates = {p3 inter p8, p3 inter p9, p4 inter p8,
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Predicats atomiques

p3 p4

N

B4

Atomic Predicates = {p3 inter p8, p3 inter p9, p4 inter p8, p4 inter p9}
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PRE sur code predicate

. Lanalyse du flot de données propage des
ensembles de predicats.

. Deux propriétés sont calculées pour chaque
BB:

| anticipability
m availability

. Insertion de variables temporaires aux points au
plus tot.

. Supression des expression redondantes des
BB ou avail est vraie.
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Resultats

Documentation du compilateur:

m Une présentation générale sous forme de slides
m Le rapport de stage

m Une page web http://www-rocg.inria.fr/~pop/
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Resultats

Implémentation:
m Specification algebrique
m Raffinement en C++
m Intégration dans ORC
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Speécification Algebrique

m Qutil de communication
m Typage evite des erreurs
m Raffinements ultérieurs

m Difficultés du domaine sépareés des difficultés
de l'intégration dans un systeme complexe.
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Conclusion

m Découverte d’'un nouveau compilateur
m Idées pour améliorer GCC
m Travail dans une equipe de recherche
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Conclusion

Remerciements:
= Merci a I'équipe du projet A3 pour m’avoir
propose ce stage intéressant.

m Un grand merci a Albert Cohen pour son temps
et pour son aide pendant le stage.
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Open64 vs. GCC

“state of the art” compilers
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Open64 vs. GCC

Openb4:
= LNO, IPA
m un excellent paralléliseur de code
m architecture completement modulaire
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Open64 vs. GCC

GCC.:
m support pour plus de 40 architectures
m 5 front-ends (C, C++, Java, Fortran, Ada)

m multitude d’autres langages portés (Pascal,
Cobol, CLisp, Mercury, ...)
m support pour le déeveloppement:
= bug database
= test-suites
= documentation
= mailing lists de développement actives

m pas (encore) de support pour LNO ou IPA.
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