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1. Abstract 3. Project Goals 5. AutoTune’s Tuning Framework

Performance analysis and tuning is an important step in programming multicore and The AutoTune Project’s goal is to close the gap in the application tuning process and Measure a. Which Tuning Plugins? PTF Tuning Control Flow
manycore architectures. There are several tools to help developers analyze application simplify the development of efficient parallel programs. It focuses on automatic tuning _ _ AutoTune will develop the Periscope Tuning Framework (PTF)
performance; still, no tool provides recommendations about how to tune the code. for multicore- and manycore-based parallel systems, ranging from desktop systems * GPU programming with HMPP and OpenCL exencing periscoe. t il follow periscope's main rincipies
AutoTune will extend Periscope, an automatic online and distributed performance with and without GPGPUs to petascale and future exascale HPC architectures. Analyze *  Single-core performance tuning and strategles, automatic execution, online sarch based on
analysis tool developed by Technische Universitat Minchen, with plugins for performance To achieve this objective, AutoTune aims at developing the Periscope Tuning * MPltuning _ T esponsible for searching for a tuned code version. -
and energy efficiency tuning. The resulting Periscope Tuning Framework will be able to Framework (PTF), the first framework to combine and automate both analysis Test * Energy etficiency tuning
tune serial and parallel codes with and without GPU kernels; in addition, it will return and tuning into a single tool. AutoTune’s PTF will... _ _ t
tuning recommendations that can be integrated into the production version of the code. - Identify tuning alternatives based on codified expert knowledge. Ootimize b. How they will be implemented?
The whple tgnmg process, con3|st|.ng pf both automatlc performance_ anegS|s and . Evalu_ate the alternatives onl!ne (i.e. within the same application execution), P . Master Agent: responsible for implementing < Static AnslySLEHR >
automatic tuning, will be executed online, i.e. during a single run of the application. reducing the overall search time for a tuned version. the overall tuning strategy (source code preprocessing)

* Produce a report on how to improve the code, which can be manually or automatically applied. . Analysis Agents: may implement portions i

2. MOﬁVCIﬁOh of the tuning plugins

Start of Analysis and Tuning
. via Peri Front-End
- MRI Monitor: measures energy consumed T

The Challenge of Programming Parallel Architectures Common perform(““e CIII(I'YZEI‘S only hint at where 1o fune. and monitors the GPU infrastructure; may o™ Zoooooooomooiooooos 1 ______________ !
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4. Periscope: the basis for AutoTune HMPP and OpenCL codes

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
l

Energy reduction has become a major issue on | ( Selection of Optimization )
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. . ‘g . . :Analysis : |

The shift to multi- and many-core architectures made it more complex to develo implement region-specific tuning actions Strategy | . . Lo
hardware-optimized applicgtions. A number of performance analyspis tools exist IEt)o support the AunluoTune’s PTF will also .I.l'“e ,I,he ‘ode for you! (eg Changingg he F():IOCk frequerg]cy o | Strategy o ¢ Hypothes: Selection ) i i
application tuning process, but none of them provide recommendations about how to tune the code. spec' fic orogram reg.on) | ( ) |
ITI | ! Performance Experiment |

« C/C++ and Fortran instrumenter: | 7 N

extended for parallel pattern support and (__Pertormancaanatyss ) |

HPC architectures: their power costs almost

reach the purchase price over a life time. . . i i i 2 ———— [

Careful application-specific tuning can help ArCh |te Ctu re Of Pe FSCco pe C. USIng WhICh teChnlqueS - Plugin

t d ti ithout i

soa:reiﬁt::ci::ge::rggpﬁ;r;:t::g I';::f‘g:m::ce_ Developed by Technische Universitat Miinchen, Periscope is an automatic performance analysis tool for highly parallel applications Strategy —)< Transformation and/o_r )
written in MPl and/or OpenMP. Periscope performs program analysis while the application is executing (online) using a set of analysis ° Expert knOW|edge Parameter (Sel)iSe]CeHaN

agents in a distributed fashion. It is available for all major parallel architectures and has production-level quality. Its scalability has
been demonstrated on large BlueGene systems by analyzing applications running on up to 65,000 cores.

lterative search
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1. User * Machine learning v
Defines a C/Fortran project on Eclipse Users . .« . . . _( oe O ! )
with all source files, starts a performance ° MOdGl'QUlded emplrlcal Optlmlzathn Verification EXpe !
Interprocess Communication analysis using the GUI and investigates > Front-End o D,
The overall scalability of parallel applications the performance properties found Invokes the a prI;)“nc ot (;] n
is significantly influenced by the amount ) ’ I I I
and the speed of communication required. \ l / ) cre(jltestagent hleraréhfy anﬂ PTF WI” take a program ertten In Generate Tuning Report
Reducing the communication volume and 3. Agent hierarchy ' roadcasis a command tor a I i (remaining properties
exploiting the physical network topology The number of application processes and \ Eclipse Plugin (GUI) ] analysis agents to start searchl_ng MPl/Openl\/lP W|th/W|thOUt Kemels for G PG PUS . . and tuning actions)
' ' Front-End e
can lead to great performance boosts. processors requested influence the total for performance properties in HMPP or O enCL and W|” automatlca” tune I-t Wlth
number of agents created. Processes and ) A
agents are mapped to the available processors v > 4. Ma;t?cr Age::t reSpeCt to perfOrmance and energy usage.
such that communication is local regarding the f £ s K ) ropagates commands from the . .
physical interconnect network topology Performance Analysis Agent Networ L jirontend to analyss agents and plovides PTF will generate a tuning report such that a developer
front-end. Each found property points to code can integrate the tuning recommendations for production runs.
. 6a. Analysis Agent A W R regions that may benefit from further tuning
Load Balancing Selects performance properties and
ImpIicit/zprit:)it procefss sylzlchror:ization and required measurements to look, based 5. Communication Agent ° °
uneven .iStI'i utlon OoT Work may e.a\_lea on a search strategy, for performance Transmits information between the
process idle waiting for others to finish. issues in a subset of the application's | (¢ Y ¢ N\ ] Master Agent and the Analysis Agents ° o q q I q I o n
;:‘:c‘;zr:eps“:;itpgzv:;:;:i?;at‘:)' :’r?eri::ﬁ:est processes. Search strategies define the
otherwise program scalability may be Iimit,ed. ?f:gler; lIJrI]ti\lc\:ll?rlrf:ni?oarllg?IgleséicigsegzlégV:fStlgates 6b. Performance analysis
. ) Conducted by analysis agents using search . : . y .
properties, program regions and processes strategies. Many implemented strategies consist Achievement of the goals will be measured and evaluated at the project’s end:
of multiple analysis steps and the performance 1. Applications that can benefit from the tuning techniques will be selected and manually
properties found in one step are refined _ _
7.MRI Monitor LN N~ into more precise properties at the next step tuned during the course of the project.
Measures performance data \ : . . . .
Data Locality controls the execution of the 8. Application Process . . :
Frequent accesses to shared or distant data process, taking commands from The application should be highly The Improvements aChIeved and the reqUIred effort for bOth the manual and the
t iderabl head. i : : : : .
o i ) Gl o S — the agent to halt/release the execltion o fdwonitor| | [ |wonitor| | [ |Monitor| |oemmrmrmemememeeees parallel and use MPl and/or OpenP automatic tuning will be compared. It is expected that:
S « PTF will obtain at least 50% of manual improvements, or even surpass them (>100%);

 PTF will require only a single or a few application runs, compared to effort timed in
months for manual tuning.

/. AutoTune Project Work Plan

Memory Access

Even the best arithmetically-optimized
codes can stall a processor core due to
latency in memory access.

Careful optimization of memory access
patterns can make the most of CPU

caches and memory bandwitdh on GPGPUs. Cycle 1 Cycle 2 Cycle 3 Cycle 4 F un din g by E uro peCI n U niO n
AutoTune Project F P7 PI’OjeCf no. 288038
Start date: October 15, 2011

Prototype versions of the tuning plugins H .
Single Core Performance S : - PA strategies for HMPP/OpenCL and energy efficienc *  Detailed evaluation . °Ile
To achieve good overall performance each Specification of the t““'“q model L . 2 5 e 2/ . Demonstration of the promised automatic Tthl COSII'. € 3. 1 18] I IIO N
— . Results of th It f selected licat PTF Integrated Prototype demonstrating single plugin
core's compute capabilities need to be esulls of the manua’ tuning ot seiected appiications tunina for the selected applications improvements for the selected applications
optimally exploited. demonstrating the potential of the tuning techniques g PP C o n.l. a C.I.. Mi C h a el G ern d.l.
By providing access to the implementation - Detailed technical specification for all work packages .

details of a targetted platform, application - Extended version of Periscope's monitor for the tuning plugins 4
R e - PTF Demonstrator demonstrating the integration of PA and _ : _ _ _ : < g ern dt@l n -II.U m. d e>
Final tuning plugins and combined plugin tuning

tuning plugins
e strategies
PTF Release
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