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Juskt=-In-Time tampdaﬁom
“ ("Q‘”vf? quick introduction %

o nitially, code is in&evpre&ed or executed unopﬁamaae&
© hot code is recompiled OM*Ehewﬂv with more optimization

o (re)compilation time is a part of the overall execution time

1/22



Jusk-In-Time aamp&i&&wm
a (very) quick introduction T

e o JIT acompii.er has mu&ipte op&i,miz.o&mv\ levels (00, -01, -02, .

¢ cost-benefit trade-off:
requ.i,reci tompiia&ion Eime vs e.xpe«c&ed spe.edu,p

o from cheap & low speedup
to expensive & high speedup

® adap&ive conbkroller detecks hobt code and skeers reammpii&&iam
o based on sampled profiling of execution

o exploits information on runtime behavior of application

© exa\m?i.es: Java, NET, ..

Mlcrosoft

NET
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1T COMPEL@J‘ tuning is c:omyi.ex

Curmnﬂv, 1T aompii.ers are ftuned manually

® very compi&x tasle, very time—consuming

o large number of (interacting) optimizations

¢ = huge desigih space for optimization levels
© requires in-depth khowledge about optimizations

¢ optimization levels need to offer suitable
cost-benefit btrade-offs

® mp&imizaﬁion levels inkeractk with each obther ak run kime

o retuning is required for different applications
and pta&{orms to obtain qood performamca

o optimizations may yield different resulks

o different cost-benefit trade-offs

o
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Aubtomaled 17T tompii.@.r tuning

We propose:
froamework for tuning IIT compilers
¢ for a particular set of applications
e for a particular hardware pia&form

o uses ah evolutionary algorithm which will gradually
evolve better IIT compiler settings

o focuses both on startup and steady-state performance
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Relaked work

¢ iterative compilation: targets just one single ob jective

(e.q., sFeeduF)
e COLE (CG0-200%): focuses on skatic compilers

¢ other work (Cavazos & ¢’ Bovi.e): requires sagm{mam&

changes to the IIT compiler codebase

Prior work is insufficient for «fu.i.i.:j automated

tuning of existing IIT compilers,
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Prior work is insufficient

J1IT &omgi‘i&rs pose several new challenges
c:ompared to skatkic compitersm

® mu&ipté thteracting op&imiz.a&om levels

o tunable adap&ive controller that steers recompilation

Applying our COLE froamework to a IIT compiler
yields unsatisfactory resulks:

o representation of IIT compiler too complex for
ai evolutionary algorithm to handle

¢ crossover? mukakion?
o disappointing performance, excessively long exploration
ppointing p ; y long exp
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Cur amzroa&k

split the tuning process into two steps
¢ step 1: optimization plans

o step 2: IIT compiler configurations

¢ optimization plan:
seb of optimizations and value parameters

® op&imiza&mm level:
QFEimLzQ%EOM FL&M wused A JIT r:camyi,i.er

o JIIT compiler configuration:
mu&ipi.e OF.'EE,ME,Z.&EEOM levels + buned cownkroller
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In shork: evotu&omarv algorithms

best entikies
are selecked

each am&i&v repre_sev\&s
one op&émiz.a&mm Fai.om ,
or JIIT !COIMF?LL?.T' SQ&EE,MS | erossover |

&

| mutation |

2o9v2bd2AvioD

: ramdomtv r&&:mmbini&r\g
and tuning
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Trading off cost and benefit

. ‘ Parebto-o P&Lmat o p%&mizaﬁ Lo F:Low\s

e use COLE framework ko find
interesting optimization plans

=> trade off compilation rate | O‘Q
and sg:eedu,p O - Q
Q O o o @
© a set of Pareto optimal o 9

optimization plans are evolved | . E' ,
=> complex interactions between R atianTYote

plans are avoided (for now)

o a Limited number of Pareto optimal plans
are selected for step II
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Combine and conquer

ep 11: combine optimization plans and finebtune

O\O e e 31T aomy&ters:
i Nt e p—=
S5 |
o finetune
O parame&evs
tampimﬁwv\ rake k= l
D X X
S X xx R w
¥ selected plawns 3 %, o
P rd X
S B %
=» 92 inikial JIT T BN L
compiler | Foes A
confiqurations sEa&d&v e F’@-"“f« l0/22
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Expeﬂmev\%at se&u_?

JikesRVM v3.0.1 (Java), 32-bit production build
16 benchmarks (SPEC jvmog: 7, DaCapo 2006-10-mr2: 9)

4 different hardware platforms

e AMD Opﬁercm
¢ Inktel Pentium 4
® I"‘&QLCQ'& 2

o Inkel Core i7
both steady-state and startup performance

statistically rigorous performance analysis

different heap sizes are considered (min, x2/x4/x¥)
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1T tompda&av\ A Jikkes RVM

T N3 \a

“ Ad&p&wa Ophmnzaﬁmm Svsﬁem (AOS)

\
I

|

|
!

LML&LQLLj cw\i.j
base t:cwmyd.eci code
s execukbed

1
|
)

\_Method
sSam Piﬁd PT’O{LL g S ————

identifies hot code

op&imiz.ad mebhods

hot code qgets | 1
' | 01 02 )
optimized gO’ QCDZ:Q %% f
dﬁjv\&m wau.v ® & o @)

U ik is beneficial
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Clobal tuning: Qpﬁimizaﬁmm Ptams

B Pareto-optimal A default  Oretained

Pareto apﬁimat
op%im@aﬁmn Fri.ow\s

=7 tompe&&ive wikh
mav\uattjj Funed
op?zimiz.o\ﬁmm Fpiams

=> too many, so pick
a selected subsek
with a gqood spread

along Pareto-curve
4,'

compilation rate




Global tuning: IIT compiler settings

M steady-state M startup &MMLMS “fOT’ S?EC\}VM%?

e

_______ tuning for dPaCa po

compress jess javac mpegaudio mtrt , /

speedup over default JikesRVM

M steady-state W startup

point of reference:

mavxu&uj Funed

speedup over default JikesRVM

| performance as manually
 tuned defaull, slightly ‘
| better startup performance |

hsqgldb  jython Iluindex Ilusearch pmd




Cross-validabion

tune for DaCapo, evaluate with SPECjvmow

M steady-state (tuned for SPECjvm98) 7sfteady-state (tuned for DaCapo)
M startup (tuned for SPECjvm98) startup (tuned for DaCapo)
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compress jess javac mpegaudio mtrt

IIT compiler tuned for DaCapo
y erffc)_rs well for SPEC jvmo%
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Cross-validakion

tune for SPECjvmo¥, evaluate with DaCapo

M steady-state (tuned for DaCapo) steady-state (tuned for SPECjvm98)
M startup (tuned for DaCapo) startup (tuned for SPECjvm98)

antlr bloat fop hsgldb  jython Iluindex Ilusearch pmd

BQCQFO s a Lok

21T tompd@.r tuned for SPEC jvmo¥
PETTTBREE" G L wore tompl&x

[ for DaCapo — U e
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C\”OSS“F)L&E“’:O\‘M evaluation

AMD Opteron [ Intel Pentium 4 [ Intel Core 2 M Intel Core i7
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steady-state startup steady-state startup
mtrt luindex

.

significant speedups for different hardware platforms

e S
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Retuning for a different platform
optimization plans

~0—AMD opteron —#—Intel Core 2 A Intel Pentium 4 —o—Intel Core i7

compilation rate

different platforms resulk in different tradeoffs
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Retuning for a different platform

cross-validation of IIT compiler tuned for mirt @ Intel Core 2

manually tuned ---- Intel Core 2
AMD Opteron ---A-- Intel Pentium 4
Intel Core i7
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steady-state speedup

St i et

for a new Ftaﬁform is important

to obkain to best Fcz»ssi,bi.@_ perﬂforma\vxtﬁ
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Eﬁxpwraémm Fivwe

¢ evaluating an QP&Lmizaﬁwn F:'i.om or
JIT compiler setting takes time

e execute {(all) appiica&iom(s) mulkiple times

o embarrassingly parallel (per generation)

o global tuning for SPECjumo%¥ and DaCapo
o step 1: +/- §50 hours, step 2: 1320 hours

o with sufficient resources: about 3 days
o application-specific tuning: matter of hours

o feasible, but room for improvement
e Limik number of evaluakions

o partial evaluation (e.q., only some benchmarks)
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Conclusions

automatically tuning a IIT compiler is feasible

e '—-_-h’ T —

® average performance is co

LELVQ: wikh
a mamaatt:j tuned JIT cms,ter

® EMV\W\Q %ke :‘JIT &ompder m" ohe apy Lwa&mm

,.,,. 2 == = e e e

o retuning for a different set of applications,
or a different platform, is important to

obkain reau.j good Qrformamae
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