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Plan

•  EBT !
•  !
•  !
–  DB EBT/DB !
–  EBT/P !

•  !
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•  !
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–  GCC flag 100+ !
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•  !
–  EBT:!EvidenceEBased!
Tuning !cf.! !

•  DB !
–  !
–  Variant !

•  !
•  !
–  block2 2

0.76 !
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•  cTuning!(CollecPve!Tuning)![Fursin+2011]!
–  Machine!learning!enabled!selfEtuning!compiler!
–  CollecPve!repository!
–  Machine!learning!based!opPmizaPon!predicPon

•  PerfExpert![Burtscher+2010,Fialho+2014]!
–  DetecPon/diagnosis!of!performance!bo\lenecks!
–  Pa\ern!based!source!code!transformaPon!
–  SuggesPons!for!bo\leneck!remediaPon!

•  TAU(Tuning!and!Analysis!UPliPes)![Shende+2006]!
–  API/Toolkit!for!perf.!data!management!(TAUdb)!
–  Framework!for!perf.!data!mining!(PerfExplorer)!
–  ML!with!TAUdb/PerfExplorer![Chaimov+2013]!
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cTuning PerfExpert TAU EBT

heurisPcs

DB Prolog RDB(SQLite3) RDB(PostgreSQL,
MySQL,Oracle,H2
,Derby)

RDF!Triple!
Store(Virtuoso)

Data!Mining ○ ○ ○

! Variant
wrapper

(kNN) (DT) (kNN)
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•  DB!
•  Fact !
•  !
• 

ATTA201414/12/25



DB EBT/DB
•  !
–  variant !
–  !
–  !
–  Variant !
–  !

•  DB !
–  Fact !

•  !
–  !

•  variant !
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Fact
•  :! !→! AST:!Abstract!Syntax!Tree !
•  Variant [Hashimoto+2008]!

–  !
–  AST / !
–  AST !
–  AST / !

•  Variant 4
–  Variant ![Hashimoto+2008]!cf.!

!
•  4

–  !
–  ariant !

•  / 4
–  AST !
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!vs.!AST
if(x == 0)
  a = 1;
else
  return;

if(x != 0)
  return;
else
  a = f(1);

s:if

s:=e:==

v:x c:0 v:a c:1

s:return

s:if

s:=e:!=

v:x c:0 v:a

c:1

s:return

e:call:f

Updated

Deleted

Inserted

MovedReElabeled

Inserted•  condiPon!of!ifEstatement!changed!(negaPon)!
•  thenEpart!and!elseEpart!interchanged!
•  funcPon!call!inserted!in!the!right!side!of!!assignment!

Cond
Then ElseCond

AST
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Loop!Fusion

do i=1,100
  a(i) = 1
enddo

do i=1,100
  b(i) = 2
enddo

do i=1,100
  a(i) = 1
  b(i) = 2
enddo

Query:!
•  2+!loops!in!P!contain!stmts!that!moved!to!a!loop!in!P’!
•  They!have!the!same!loopEcontrol!

P P’

moved�

moved�

loopEcontrol
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•  EBT/DB !
•  Fact !
– Fortran!Parser!

•  !
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EBT/DB
•  Fact RDF!triple !
–  (subject,!predicate,!object)!
–  (fjpai:1234,fjpa:flops,12345)5

•  RDF5Triple5Store5 fact !!
–  cf.!NoSQL,!SemanPc!Web!
– Ontology !
–  Fact !
–  Virtuoso![Openlink]DBMS !

•  SPARQL !
– W3C !cf.!SQL!

subj� obj�
pred�
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EBT/DB

•  !
– ODBC !
– SPARQL!Protocol! !

•  !
–  Orange !
–  sgvizler:!SPARQL !

•  !
– 
–  2 !
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Fact
•  !
–  Fortran!parser! !

•  AST !
–  Diff/TS![Hashimoto+2008]! !

•  !
–  Phylip![U.!Washington]!

•  !
–  PA !
–  !
–  !
–  CSV→YAML !

ATTA201414/12/25



Fortran!Parser
•  !

–  77 90 95 2003 2008 !
–  PGI IBM Intel !
–  OpenMP,!OCL,!XLF,Cpp !

•  !
–  Build!process hook !

•  !
–  !

•  !
–  AST fact !
–  node !→!DB !

•  !
–  NICAM,!NPB,!EigenExa,!TINKER,!Quantum!Espresso,!Gaussian,!

NWChem,!GAMESS,!ABINIT,...
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Fortran!Parser
Source Versions Files SLOC

Ambiguous4AST4Nodes
Time4(s)

Ambiguous All %

EigenExa 6!(1.0E2.0) 273 24,695 8,659 300,249 2.88% 9

NICAMEK 1!(20121015) 161 156,563 84,376 1,216,717 6.93% 16

NICAM!Kernels 9*108!variants 195 153,673 141,068 1,370,505 10.29% 17

NPB 1!(3.3.1) 253 49,611 14,878 751,820 1.98% 14

TINKER 1!(6.2.01) 415 167,940 3,171 1,613,927! 0.20% 31

ABINIT 1!(7.2.2) 1,597 453,010 161,277 4,194,332 3.85% 74

Quantum!Espresso 1!(4.3.2) 1,107 222,313 104,128 1,435,656 7.25% 37

Gaussian 1!(g09) 110 1,284,683 6,807 10,015,904 0.07% 178

GAMESS 1 309 25,157 1,967 8,492,090 0.02% 105

NWChem 1!(6.3) 16,734 4,122,032 3,222,096 33,326,699! 9.67% 751

TOTAL 122 21,155 6,659,677 3,748,427 62,717,899 5.98% 1,208

All!samples!were!parsed!on!PC!with!quadEcore!2.8GHz!Intel!Core!i7!and!16GB!RAM.14/12/25 ATTA2014



•  !
–  !

•  !
–  	 !
•  !!!!!:! !

–  !
–  !

•  !!!!!: !
–  LoopUnroll LoopFusion !

{(xi,ci )} C : x! c

xi

ci
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•  Binary!Relevance!
–  2 !

•  Classifier!Chain!
–  2 !

•  Clustering!Tree!
–  Clustering!+!decision!tree!inducPon! conceptual!
clustering !

•  Clustering!Random!Forest!
–  Clustering!+!random!forest

Bagging+ !
•  …!
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Case!Study
•  MG MulPEGrid !from!NPB!
–  !
–  AICS !

•  NICAM NonhydrostaPc!ICosahedral!Atmospheric!Model !

–  20 !
–  AICS !

•  !
•  TuningCatalog !
–  AICS

!
•  65
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Sample Variant SLOC

MG NPB 4 6957(1739)

NICAM:diffusion 20 7329(366)

NICAM:div2rev 	 30 21540(718)

NICAM:divdamp3D 18 5965(331)

NICAM:divergence 13 1823(140)

NICAM:gradient 10 3313(331)

NICAM:nsw6 40 56 96 9!x!3 23716(2635)

NICAM:radiaPon 3 14526(4842)

TuningCatalog 2!x!65 3089(47)

AICS
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EBT/DB

•  DB 922MB!
•  13,617,349!
•  55 !
•  8 !
•  45 !
– 
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NICAM div2rev
c0omp1

c0ocl1

c6ocl1

b2c3ocl1

b5c4ocl1

b5c3ocl1

b5c2ocl1

b5c1ocl1

b4c4ocl1

c5ocl1

c4ocl1

c3ocl1

b4c3ocl1

b4c2ocl1

b4c1ocl1

b6c1ocl1

b6c2ocl1

b3c6ocl1

b3c5ocl1

b3c4ocl1

b3c3ocl1

b3c2ocl1

b1c6ocl1

b1c3ocl1

b1c5ocl1

b2c4ocl1

b2c2ocl1

b1c1ocl1

b2c1ocl1

base

Variant
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Demo
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Method Brier4Score4(avg) Global4Accuracy Mean4Accuracy

Binary!Relevance!(kNN) 0.0466 0.5096 0.9693

Classifier!Chain!(kNN) 0.0485 0.5096 0.9688

Clustering!Tree 0.0485 0.4904 0.9663

Clu.!Random!Forest 0.0413 0.4904 0.9701

5 469 k=10

•  brier!score:! !
•  global!accuracy:! !
•  mean!accuracy:! accuracy
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