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Plan�

•  ¢~ŴIůţpöƚƱƺƠƸƏƼEBTƽ!
•  ķĨÙà!
•  ƓƔƜƭ¨Ć!
– ƚƱƺƠƸƏ	�DBƼEBT/DBƽ!
– Ĭ(ųƧƷƏƳƭ�Ĭ7ŵ�½ƼEBT/Pƽ!

•  ƓƔƜƭVă!
•  Case!Study!
•  ĕŅŲ_�!
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ƧƷƏƳƭpöƚƱƺƠƸƏ�

•  ƧƷƏƳƭpöƼVĀ�ĶŚƒƇƕŚ»ěĿ
0ãƽƃūŵsDƃMŞƀ	ųţC	
ŦŪƀ!
– ƐƸƤƇƳƋƧƓƲƸŵM�!
– ƧƷƏƳƭƤƳƮƘŵM�!
– ƧƷƏƳƭŵ��Ş!

•  Čä­ŵpöƃ§ĸŸű�ŝ(ƀ!
•  �ùŴ÷47ŶGĽ!
– êAŪÂÒƼ�ƿGCCŵpöķĨflag�Ŷ100+ƽ!
– \ĴWŴŽƀõ�úƼ\ĴØęŚ5ƽŵ�Í!

Œ�ATTA2014�14/12/25�

pöƚƱƺƠƸƏ\ĴW�

•  ŋfų\ĴØę!
– Čä­ƅƺƍƜƎƚư!
– ƧƷƏƳƬƸƏċēŚƐƸƤƇƳ!
– ƅƵƑƴƕƭƼÛS{āČäƽ!

•  ĳeŵëŊŴĄzŭŦƁŬ5!
•  ī#Ŵ[ũƀ<ŧŝĆ¶!
•  {ŶćŰÔźǀ�
– híô�ĝŷŵun!
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pöƚƱƺƠƸƏŵ���

•  Vğƹ��ŵAÉ7ƹ3Ç7!
– ¢~ŴIůţpöƚƱƺƠƸƏƼEBT:!EvidenceEBased!
Tuningƽ!cf.!¢~ŴIůţ9Ñ!

•  	�ŵƝƺƘ7ŲDBŷŵþß!
– ƗƺƔƐƺƟŚpö½U�!
– ąTqJƼVariantĶçìķ�ŚĬË�Ĭ7Śãƽ!

•  ƝƺƘƫƇƠƸƏ!
•  Ĭ(ų�Ĭ7ŵ�½Ƽ­¤Sòƽ!
– �ƿśblock2ŵƵƺƧƃƦƷƛƍƸƏŧŰ2±ƅƸƷƺ
ƵũƀŲĦţųƀÚÇš0.76Ŝ!

Ŕ�ATTA2014�14/12/25�

ķĨÙà�

•  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]!

ŕ�ATTA2014�14/12/25�
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å�³ĠŌ�

cTuning� PerfExpert� TAU� EBT�
�ÕÓ� ƐƸƤƇƳ

heurisPcs�E�
ƩƞƵơƛƎĊ � pöČ½� \ĴW���

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

RDF!Triple!
Store(Virtuoso)�

Data!Mining� ○� ○� ○�

�½[Ě� ƐƸƤƇƳ!
ƋƧƓƲƸêAŪ�

�Ĭ7� Variantĭ|
wrapper�

�Ĭ7êAŪ�

�½VÈ�g� ­¤Sò(kNN)� ĬËĈ-� ­¤Sò(DT)� ­¤Sò(kNN)�

Ŗ�ATTA2014�14/12/25�

ƓƔƜƭ¨Ć�

•  ƚƱƺƠƸƏ	�DB!
•  Factŵ}&ŲąT!
•  ƗƺƔƐƺƟ³Ġ!
•  �Ĭ7ƤƘƺƸ¥è�
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ƚƱƺƠƸƏ	�DBƼEBT/DBƽ�
•  	�!
– ƚƱƺƠƸƏ�¦űÊŨŬvariantŵƗƺƔƐƺƟ!
– pöČ½ƝƺƘ!
– ĬË�Ĭ7!
–  VariantĶŵçìķ�!
– ƮƘƝƺƘƼƷƏŚƟƍƱƮƸƞŚãƽ!

•  DB$XŌ!
–  FactƼ	�Šž}&ƹąTũƀƝƺƘ;�ƽ!

•  ĕŅ!
– 	�ŴşŤƀqJ®ýŷŵ[%!

•  ĬË�Ĭ7ŲvariantĶçìķ�ŵ�U!

ŏŎ�ATTA2014�14/12/25�

Factŵ}&ŲąT�
•  ©�Ċ :!ƗƺƔƐƺƟ!→!}Ě©��ƼAST:!Abstract!Syntax!Treeƽ!
•  VariantĶM�Ċ Ō[Hashimoto+2008]!

–  çìĊ Ų�Ĭ7ƤƘƺƸĊ ŲŴlĆ!
–  ASTƢƺƟ/Į'�Ŵ[ũƀïĻ��)Ƽ.ĹŚ� ŚM�ŚÜ4ƽ!
–  ASTƢƺƟĶ[m!
–  ASTŇ�f/Ğļ!

•  VariantçìĊ 4
–  ĞļĀ)ŠžVariantçì«ƃ�U![Hashimoto+2008]!cf.!'Qçì
Sř!

•  �Ĭ7ƤƘƺƸĊ 4
–  ĬËŦƁŬŲoŧŢ�Ĭ7Ƽ�ƿƵƺƧ'/ŚƅƸƷƺƴƸƏƽƃ¥è!
–  ŘariantĶM�qJŠž�U>ö!

•  pö½U�}&/½U4
–  pö½U8ĶŲASTƢƺƟŲŵ[m!

ŏŏ�ATTA2014�14/12/25�
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Ā³Ġ!vs.!AST³Ġ�

ŏŐ�

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�

Moved�ReElabeled�

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

Cond�
Then� Else�Cond�

Ā³Ġ�

AST³Ġ�

ATTA2014�14/12/25�

�Ĭ7ƤƘƺƸ¥èƿLoop!Fusion�

ŏő�

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�

ATTA2014�14/12/25�
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ƓƔƜƭVă�

•  EBT/DBŵ©vŲ+Ë!
•  Fact}&ŲąT!
– Fortran!Parser!

•  Ĭ(ųƧƷƏƳƭ�Ĭ7ŵ�½!

ATTA2014� ŏŒ�14/12/25�

EBT/DBŵ©v�
•  FactŶRDF!tripleűĂÈ!
–  (subject,!predicate,!object)!
– �ƿŌ(fjpai:1234,fjpa:flops,12345)5

•  RDF5Triple5Store5Ŵfactƃþß!!
– Ɣƍƺƫ�ĆŌcf.!NoSQL,!SemanPc!Web!
– OntologyŴŽƀsDĈUŲ�ė!
–  FactŵĻAŶƏƳƥƃvũ!
–  Virtuoso![Openlink]DBMS+Ë!

•  SPARQLű¥è!
– W3CŴŽƀª¾ÓųƎƊƴċē!cf.!SQL!

ŏœ�

subj� obj�
pred�

ATTA2014�14/12/25�
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EBT/DBŵ+Ë�

•  NĮƎƳƇƅƸƞŴŽƀ+Ë!
– ODBCëÌ!
– SPARQL!Protocol!ëÌ!

•  ƝƺƘƫƇƠƸƏ!
– pö½UńÕ×ķ' ƼOrangeƽ!
– ƝƺƘ>ĉ7Ƽsgvizler:!SPARQLëÌŵ>ĉ7ƽ!

•  Ĭ(ųƧƷƏƳƭ�Ĭ7�½!
– ÅkƨƎƞƵŠžĬË�Ĭ7�
– ƫƵƚƳƨƵSòƼĥcŶ2�Sòƽ!

ŏŔ�ATTA2014�14/12/25�

Fact}&ŲąT�
•  ©�Ċ !
–  Fortran!parser!ƃ÷�!

•  ASTb'Ċ Ō!
–  Diff/TS![Hashimoto+2008]!+Ë!

•  çì«�U!
–  Phylip![U.!Washington]!

•  pö½U!
– ZLĥæYPA+ËƼ�ű½Uƽ!
– 
ŵŲťƂ;�pöŵŹ!
– ½U8Ķ�UŚƣƺƟƈƉƅƌƈƸƘ!
– &0ŵ©ħ7ƼCSV→YAMLƽ!

ŏŕ�ATTA2014�14/12/25�
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÷�Fortran!Parser�
•  [mĈ£!

–  77Ś90Ś95Ś2003Ƽ�ĮƽŚ2008Ƽ�Įƽ!
–  @Þ�ċƼPGIŚIBMŚIntelƽ!
–  @ÞƝƆƶƎƜƆƦƼOpenMP,!OCL,!XLF,Cppƽ!

•  Åk!
–  Build!processŷŵhook�Ć!

•  �T!ųƧƷƏƳƭ�Ãż>öųĸſ©�Ċ !
–  NĮƧƴƧƷƖƛƒ�Ć!

•  ƝƆƶƎƜƆƦŴŽƀ©ħż>öųĸſ©�Ċ !
–  ASTƃfactŲŧŰ}&!
–  ��ųnodešÊŨƀ!→!DBŷŵƷƺƟhŴĊ·!

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

NWChem,!GAMESS,!ABINIT,...�

ŏŖ�ATTA2014�14/12/25�

Fortran!ParserŵƜƔƞ�
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� ŏŗ�
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Ĭ(ųƧƷƏƳƭ�Ĭ7ŵ�½�

•  ­¤Sò+Ë!
– čðƝƺƘŌŌŌŌŌŌŌŌŌŌŌŌŠžę*FŌŌŌŌŌŌŌŌŌŌŌŌŌŌƃiƀ!

•  čðƝƺƘ!
– ƚƱƺƠƸƏŧŰpöšC	
ŧŬKAŵƝƺƘ!
•  !!!!!:!ƧƷƏƳƭÅkƨƎƞƵ!

– ƗƺƔƐƺƟƮƞƴƎƔƼ�ƿƵƺƧ�ŵº4^�À¿ä�ƽ!
– pö½U�!

•  !!!!!:ƧƷƏƳƭ�Ĭ7!
– ƳƨƵƼ�ƿLoopUnrollŚLoopFusionãƽ!

ŐŎ�

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

xi

ci

ATTA2014�14/12/25�

ƫƵƚƳƨƵSòƅƵƑƴƕƭ�

•  Binary!Relevance!
–  2�SòŴ'/ƼƳƨƵÆâp�Uƽ!

•  Classifier!Chain!
–  2�SòŵƚƉƇƠƸƏƼƳƨƵÆâpótƽ!

•  Clustering!Tree!
–  Clustering!+!decision!tree!inducPon!Ƽconceptual!
clusteringƽ!

•  Clustering!Random!Forest!
–  Clustering!+!random!forestƼƅƸƒƸƦƵSòŵ�
ÞƿBagging+`pŵƳƸƙƭĭ|ƽ!

•  …!
Őŏ�ATTA2014�14/12/25�
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Case!Study�
•  MGƼMulPEGridƽ!from!NPB!
– Oİ£Q¸ŴŽƀƪƅƗƸ�Ýgŵ¶Ċ!
–  AICSĩË{āĮĴŴŽƀƚƱƺƞƴƅƵËƚƱƺƠƸƏ!

•  NICAMƼNonhydrostaPc!ICosahedral!Atmospheric!Modelƽ!

– Łŀ0S°20ł�P´ƯƝƵ!
–  AICSĩË{āĮĴŴŽƀƚƱƺƠƸƏ!

•  ƾŮŵČäƌƺơƵ!
•  TuningCatalogƼ
ŵxŁ"ĵƽ!
–  AICSĩË{āĮĴŴŽƀI�ÓųƵƺƧ�Ĭ7ŵ3¡
ÚĒŵŬŻŵƫƇƎƷƨƸƚƫƺƎ!
•  65�ŵČäƌƺơƵ�

ŐŐ�ATTA2014�14/12/25�

ƗƺƔƐƺƟ�

Sample� Variant�� SLOCƼdHƽ�

MGƼNPBƽ� 4� 6957(1739)�

NICAM:diffusionƼµd��ńƽ� 20� 7329(366)�

NICAM:div2revƼ;Ėp�R,ĸň	
b'Ò�ńƽ� 30� 21540(718)�

NICAM:divdamp3DƼĲÖ�CŃ¹İ0¹ĺĊ¸ƽ� 18� 5965(331)�

NICAM:divergenceƼµdÒ�ńƽ� 13� 1823(140)�

NICAM:gradientƼµd6įńƽ� 10� 3313(331)�

NICAM:nsw6ƼľjÄÉŚ40Ś56Ś96aƽ� 9!x!3� 23716(2635)�

NICAM:radiaPonƼ�]ĪÝƽ� 3� 14526(4842)�

TuningCatalog� 2!x!65� 3089(47)�

Őő�

ƚƱƺƠƸƏ	�ƝƺƘ��ƿAICSĩË{āĮĴ�

ATTA2014�14/12/25�
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EBT/DB�

•  DBƒƇƕƿ922MB!
•  ƞƴƧƵ�ƿ13,617,349!
•  ƧƷƥƄƇƳ½U�Ƽ55ńÕƽ!
•  ƗƺƔƐƺƟƮƞƴƎƔƼ8ńÕƽ!
•  [Ě�Ĭ7Ƽ45ÞŇƽ!
– ƵƺƧƅƸƷƺƴƸƏŚƝƆƶƎƜƆƦĤ1Śã�

ŐŒ�ATTA2014�14/12/25�

NICAMƼdiv2revƽçì«�

Őœ�

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

�ËVariant�

Áŉų20ǀ�

ATTA2014�14/12/25�
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�Ĭ7ƤƘƺƸBU��

ŐŔ�

Demo�
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ZLĥƧƷƥƄƇƳƼFAPPƽ�
�"&�"���6/795*;276 "97,.::� 7����
 �6;.9=*4� *5.����+47,3�

".9/795*6,. �.579@��*,1. �.579@��*,1.�.6026.�+<:@�9*;.

�.579@�+<:@�9*;. ���.6026.�+<:@�9*;. ���.6026.�+<:@�9*;. 
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�	�//.,;2=.
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26:;9<,;276B
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78.9*;276
26:;9<,;276�

$����47*-
26:;9<,;276�9*;.
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�*,1.
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�	�7*-�:;79.
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����52::�-5�9*;.
�	����52::�

����52::�1>8/�9*;.
�	����52::�

����52::�:>8/�9*;.
�	����52::�

���52::�9*;.
�	�7*-�:;79.
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�½ƯƝƵŵĐ��

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�

őŎ�

5'/
b¥ďƼƒƸƧƵ�469Śk=10ƽ�

•  brier!score:!ĔbŵĻß!
•  global!accuracy:!<Y�ø!
•  mean!accuracy:!�Ĭ7²accuracyŵdH�

ATTA2014�14/12/25�

ĕŅ�

•  	�ŵ�ĝƼqJ��şņŝŧŸũƻƽ!
•  ƎƊƴĎģŵå�7!
•  Ðųƀpö½U��ŵ	�[m!
– pö½U��ŴŽƀ°Ĉ7!

•  ƅƺƍƜƎƚưŚƐƸƤƇƳƋƧƓƲƸ!

•  ÅkƨƎƞƵ¯�ŵ�Ĭ7!
•  �Ĭ7ŵđé7Ƽ�ƿƅƸƷƺƵ±�ƽ!
•  pö½UƐƔƞ.¼!
– ŀÓpö�½ƼƍưƛƓƱƬƔãƽ!
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_�:!÷4ƚƱƺƠƸƏŲŵ:Ė�

•  ÷4ƚƱƺƠƸƏŴŽſ÷4ÊvŦƁƀPı
ŵ	�ƝƺƘŵ=ſĢŹ!
– \ĴWØęŲîñÓ�èŲŵÿA!
• \ĴWŵr�ƃĜŞŬ�Ĭ7y¸ŵÒć!
• �èwÎ·U��!
• ŋæf�Ĭ7�½ƯƝƵ!

– VariantĶçì«ŴŽƀ�èwÎ·U��!

•  ƅƸƚƤƘƺƸŴŽƀ�èáĶ.¼!
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