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Goals

 Provide open source software systems, tools, and components
that address a spectrum of needs

— directly usable by application experts
— provided to the CS community to enable development of other tools

e Engage directly with DOE application teams

e Target architectures of critical interest to DOE
— Cray XT
— Blue Gene/P
— multicore processors in general

e Qutreach




Scope of Activities

Community engagement

Research and development

— system software

— communication for partitioned global address space languages
— math libraries for multicore

— performance tools

— compilers

Open source software infrastructure
— performance tool components
— compilers

Application outreach




Community Engagement

CScADS Summer Workshop Series
e Goals
— identify challenges and open problems for leadership computing
— brainstorm on promising approaches
— foster collaborations between computer and application scientists
— engage the broader community of enabling technology researchers

 Workshops to engage SciDAC and INCITE application teams

— Leadership class machines, petascale applications, and performance
— Scientific data analysis and visualization for petascale computing

 Workshops to foster development of enabling technologies
— Autotuning for petascale systems
— Performance tools for petascale computing
— Libraries and algorithms for petascale applications




R&D: System Software

Developing open software stack for
leadership computing platforms

Focus
— compute node operating system
— I/O communication layer
Benefits
— facilitates infusion of software research into production systems
— rapid (local) resolution of problems that might arise

Results
— Blue Gene/P compute node OS and I/O layer operational
— supports BG/P for high throughput computing (HTC) as well as HPC
— negligible performance penalty compared to IBM’s s/w stack




R&D: PGAS Communication Layer

Goals: low latency; high bandwidth; efficient collectives

e Planned SCO08 release of GASNet and Berkeley UPC
— updated Portals conduit for Cray XT3/4/5 platforms with “firehose”
— new BG/P conduit based on low level DCMF layer
— updated Infiniband conduit using new OpenlIB/OpenFabrics verbs API
— LAPI conduit for IBM Power uses RDMA
— jointly supported by PModels and others

e Optimization of UPC collectives for multicore

Architecute Dependent Tuning
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BG/P: GASNet vs. MPI latency Autotuning collectives for Niagara2
(lower is better) (higher is better)




R&D: Parallel Linear Algebra

PLASMA: Parallel Linear Algebra s/w for Multicore Architectures

e Objectives
— high utilization of each core Cholesky
— scaling to large number of cores 4x4
— shared or distributed memory
o Methodology
— DAG scheduling
— explicit parallelism
— implicit communication
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Support measurement, analysis, and attribution of
performance problems on petascale systems

o Partnership between
— Performance Engineering Research Institute
— Center for Scalable Application Development Software
 New capabilities
— sampling-based measurement of fully-optimized parallel codes on
both Cray XT and Blue Gene systems
 uses on-the-fly binary analysis for stack unwinding of fully-optimized code
» supports different kinds of executables
— statically-linked: Blue Gene, Cray XT
— dynamically-linked: Linux
— strategies for pinpointing bottlenecks and quantifying inefficiencies
» across scalable parallel systems
 within multicore nodes
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680
681 while (iter != end) {

if (vseq->start_handle() > *iter || vseg->end_handle() < *iter) {

€

1f (TYPE_FROM_HANDLE(*iter) != MBVERTEX)
684 return MB_TYPE_OUT_OF_RANGE;
685
6 if (MB_SUCCESS != sequence_manager()->find(*iter, seq))
687 return MB_ENTITY_NOT_FOUND;
68 vseq = static_cast<const VertexSequence*>(seq);
€
€
6
€
€

690
vseq->get_coordinates( *iter, coords );
coords += 3;
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R&D: Performance Tool User Interfaces

hpctraceviewer
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| Scope PAPI_L1_ DCM (1) |PAPI_L1_DCM (E) PAPI_TOT_CYC ()
MBCore:get_coords(unsigned long const®, int, double*) const | 2.59e08 35.0%
" loop at MBCore.cpp: 681-693 2.58e08 35.0%
inlined from SequenceManager.hpp: 37 2.48008 33.6%

loop at stl_tree.h: 1388 1.54008 20.8%

inlined from TypeSequenceManager.hpp: 27 1.46008 19.8%
stl_tree.h: 1388 7.31e06 1.0%
VertexSequence.hpp: 112 3.34e07 4.5%
VertexSequence.hpp: 113 2.45€07 3.3%
VertexSequence.hpp: 114 2.33e07 3.2%

SequenceData.hpp: 42 4.76e06 0.6%
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hpcviewer

- correlates measurements with source

- provides actionable feedback
- supports scalability analysis on and
between nodes with derived metrics

(status: deployment fall 2008)

- displays temporal behavior of parallel
applications

- provides hierarchical view call stack
sample traces from HPCToolkit

(status: prototype summer 2008)




2 R&D. Compilers for Runtime Re-optimization

A source of inefficiency in large-scale applications is the “glue” that
holds together code from different sources

— library code; code cribbed from other applications
— often different languages with different programming models

Classic compilers cannot improve this kind of code
— compiler never sees all the pieces; can’t optimize them together
— good application for runtime re-optimization
Opportunities in large-scale applications
— improve procedure calls & chains of calls (libraries, CCA)
 runtime inlining and specialization of calls
— runtime selection of library components
Ongoing work
— experimentation to quantify opportunities and estimate benefits
— compiler analysis for runtime estimation of benefits
— compiler analysis to support runtime optimization

10




Open Source: Performance Tools

Performance Tool Components

 libmonitor: first-party interface between performance tools and OS

— manages process init/fork/exec/exit, thread create/init/join, signal
delivery etc.

— clients: HPCToolkit, Open|Speedshop, SciCortex

e InstructionAPI
— abstract representation of instruction decode and address modes.

e ControlFlowAPI

— platform independent representation of CFG, associated query
routines, and extensible data structures
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Open Source: Compiler Technology

« LLNL's ROSE compiler: working with LLNL and LANL
— adding full-featured Fortran support
— adding support for Coarray Fortran 2.0

e LoopTool: memory hierarchy optimization of Fortran programs
— source-to-source transformation of Fortran
— capabilities include scalarization, loop fusion, blocking, unswitching
— refined to ameliorate bottlenecks in S3D
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Application Engagement: GTC

e GTC: simulates turbulent plasma in tokamak reactors

— 3D particle-in-cell code; 1D decomposition along toroidal direction
» charge: deposit charge from particles to grid points
« solve: compute the electrostatic potential and field on grid points
* push: compute the force on each particle from nearby grid points

e Grand challenge simulations require petascale systems
* microprocessor-based petascale systems are scarce resources
« efficient use requires effective use of multi-level memory hierarchies

« Data locality optimization of GTC by CScADS & PERI @ Rice
- reStru Ctured prog ram data and IOOpS Cost peﬁ(:gn:gt%s;:\?v?;gmﬁsgtzegvr{/otsgggg _______
— adaptively reorder ions at run time sremsano

 at run time, locality degrades gradually as
ions in the plasma become disordered

 periodic particle reordering restores locality T T
and performance ot 2t ot 4t st e

Time step

 Reduces GTC shaped plasma simulation time by 21% on Cray XT

Execution cost
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— state-of-the-art code developed at CRF/Sandia
* PIl: Jaqueline H. Chen, SNL
— 2007/2008 INCITE awards at NCCS

— pioneering application for 250TF system
|dentified node performance bottlenecks with HPCToolkit

— low temporal reuse in diffusive flux calculation among others

— unnecessary array copying at subroutine interfaces

Improved loop nests with LoopTool’s semi-automatic transforms

m=1,3 if BS
5D loop nest:
i 'fTDn1nseCZZ

mixavg_transport_m.f90 (35 I|nes
0O 734 d n_spec.) = 0.0 P
© 735 [DIRECTION: dom=-1 2D explicit loops n=tnspec:t T n=1ps pec-2.2
o 7;5 PECIES: do n=1,n_spec- 3D F90 vector syntax f BS s— =
737 — —
738 if (baro_switch) then else — —
739 ! driving force includes gradient in mole fraction and baro-diffusion If TD— —_—— | —
740 diffFlux(.:n =»Ds_m|xav 4n) * (grad_Ys(:,:,:,n, L=
741 +q(s! - vad xM i & else
L + o olw P(,.,.,m)/Press; = pec-:
initialize else — = 1 — —
744 ! driving force is St the gra m
. - Ds_mixavg(:,:,: rad_Ys(:,:,:,n,
+ Ys! n) * grad_mixM )) —
if
f TD
— R
il
(

Transformatlon Log:

data streams

infout of memory — fusion (loops within 4 outer nests)
o — unroll-and-jam (2 loops)
o — reu — peeling excess iterations (4 nests)
i iffusive flux
i i luxes is zero.
0 fFlux( difflutn M reuse 2.94x faster than original

(6.7% total savings)

enddo SPECIES
enddo DIRECTION

(445 lines)
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Engagement: Other

Enabling technologies engagement

— APDEC: Chombo (structured AMR)

— ITAPS/TASCS: Moab/iMESH (meshing)

— PERI: performance tools development; Tiger teams

Application engagement using HPCToolkit

— UNEDF: MFDn (many Fermion dynamics - nuclear)

— USQCD: Chroma (quantum chromodynamics)

— Center for Turbulence Research: Hybrid (shock + turbulence)

— NETL: MFiX (multiphase flow with interface exchanges)

— lowa State: CAM-EULAG (atmospheric modeling)

— Gromacs (cellulosic ethanol)

Working with Fortran 2008 J3 standards committee on parallelism
via coarrays
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