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Fragmentation of tools landscape 

• Several performance tools co-exist 

• With own measurement systems and output formats 

• Complementary features and overlapping functionality 

• Redundant effort for development and maintenance 

• Limited or expensive interoperability 

• Complications for user experience, support, training 
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SILC Project Idea 

• Start a community effort for a common infrastructure 

– Score-P instrumentation and measurement system 

– Common data formats OTF2 and CUBE4 

• Developer perspective: 

– Save manpower by sharing development resources 

– Invest in new analysis functionality and scalability 

– Save efforts for maintenance, testing, porting, support, training 

• User perspective: 

– Single learning curve 

– Single installation, fewer version updates 

– Interoperability and data exchange 

• SILC project funded by BMBF 

• Close collaboration PRIMA project  

funded by DOE 

 

 



Partners 

• Forschungszentrum Jülich, Germany  

• German Research School for Simulation Sciences, 

Aachen, Germany 

• Gesellschaft für numerische Simulation mbH 

Braunschweig, Germany 

• RWTH Aachen, Germany 

• Technische Universität Dresden, Germany 

• Technische Universität München, Germany  

• University of Oregon, Eugene, USA 

 



Periscope 

Periscope for automatic online performance analysis 

• Start with performance flaw hypotheses 

• Investigate hypotheses during one/few iterations 

• Revise hypotheses  

after each step based 

on earlier results 

• Run for successive  

iterations, restart  

application if needed 

• Report most severe  

performance flaws 

• Eclipse integration 

 



Scalasca 

• Scalable performance-analysis toolkit for parallel codes 

– Specifically targeting large-scale applications running on10,000s 

to 100,000s of cores 

• Integrated performance-analysis process 

– Performance overview via call-path profiles 

– In-depth study of application behavior via event tracing,  

automatic trace analysis identifying wait states 

– Switching between both without re-compilation or re-linking 

• Supports MPI 2.2 and basic OpenMP 

• License: New BSD 



TAU Performance System 

• Very portable tool set for instrumentation, measurement 

and analysis of parallel applications 

• The “swiss army knife” of performance analysis 

• Instrumentation API supports choice 

– between profiling and tracing 

– of metrics (e.g., time, HW counter, ...) 

• Supports 

– C, C++, Fortran, HPF, HPC++, Java, Python 

– MPI, OpenMP, POSIX threads, Java, Win32, ... 

• License: Open Source 

 



Vampir & VampirTrace 

VampirTrace for instrumentation and event trace recording 

• Also official part of Open MPI 
 

Vampir for event trace visualization 

• Interactive analysis 

• Parallel evaluation 

• Distributed trace  

data evaluation 

• Scalable to > 1 TB  

of trace data and 

> 100 000 ranks 

• Established tool 

for over 15 years 



SILC Functionality 

• Provide typical functionality for HPC performance tools 

• Support all fundamental concepts of partner„s tools 

 

• Instrumentation (various methods) 

• Event trace recording 

• Basic and advanced profile generation 

• Online access to profiling data 

 

• MPI , OpenMP, and hybrid parallelism (and serial) 

 

• Enhanced functionality (OpenMP 3.0, high scale I/O) 



Design Goals 

• Functional requirements 

– Generation of call-path profiles and event traces 

– Using direct instrumentation, later also sampling 

– Recording time, visits, communication data, hardware counters 

– Access and reconfiguration also at runtime 

– Support for serial, OpenMP, MPI and hybrid applications 

• Later also CUDA/OpenCL/HMPP 

• Non-functional requirements 

– Portability: all major HPC platforms 

– Scalability: petascale  

– Low measurement overhead 

– Easy and uniform installation through UNITE framework 

– Robustness 

– Open source: New BSD license 
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• Separate, stand-alone packages 

• Uniform look & feel 

• Common functionality factored out 

• Automated builds and tests 
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Score-P 

• Instrumenter scorep 

• Links application to measurement library 
libscorep_(serial|omp|mpi|mpi_omp) 

• Records time, visits, communication metrics, hardware 

counter using internal memory management 

– Store data in thread-local chunks of preallocated memory 

– Efficient utilization of available memory 

– Minimize perturbation/overhead 

– Useful for unification too 

– Variable number of threads 

– Access data during runtime 

• Switch modes (tracing/profiling/online) w/o recompilation 

• Layer architecture, minimal coupling, easy to extend 

 



Score-P Instrumentation 

• Prefix compile/link commands, e.g. 

 

 

or, more convenient 

 

 

 

 

• Customization via options, e.g. --pdt --user 

% scorep --help for all options 

• Automatic paradigm detection (serial/OpenMP/MPI/hybrid) 

• Manual approach, get libs and includes via 
scorep_config 

mpicc –c foo.c  scorep mpicc –c foo.c 

# in Makefile 

MPICC = $(PREP) mpicc 

 

% make PREP=“scorep [options]” 



Score-P Run-Time Recording 

• Just run your instrumented program! 

• Customize via environment variables 

– Switch between profiling/tracing 

– Select MPI groups to record, e.g. P2P, COLL, … 

– Specify total measurement memory  

– Trace output options, e.g. compression, SION 

– Hardware counter (PAPI, rusage) 

• Customize via files 

– In/exclude regions by name/wildcards from recording (filtering) 

– Restrict trace recording to specified executions of a region 

(selective tracing) 

• Data written to uniquely named directory 

 



Score-P Parallel Unification 

• Unification: generate global view from local identifiers 

• Serial approach does not scale 

• Do it in parallel: 



The Open Trace Format Version 2 (OTF2) 

• Typical event trace data format 

– Event record types + definition record types 

– Stored per process/thread  

in temporal order 

• Multi-file format 

– Anchor file 

– Global and local  

definitions + mappings 

– Event files 

• OTF2 API + 

read/write library +  

support tools 

 



OTF2 Predecessors Formats 

• Open Trace Format (Version 1)  

– By TU Dresden, University of Oregon, LLNL 

– Native format of VampirTrace and Vampir 

• Epilog Trace Format 

– By FZ Jülich 

– Scalasca„s native format 

• Re-design for OTF2 

– Binary encoding 

– One process/thread per file 

– Memory event trace buffer becomes part of trace format 

• Allows for online compression 

• Better utilization of available memory 

– No re-write for unification, mapping tables 

– Forward/Backward reading 



OTF2 Multiple Substrates 

• Allow multiple I/O backends (substrates) 

• Traditional: two files per process/rank/thread 

• Compressed: with block-wise ZLib compression 

• In-memory: with persistent memory pages, no I/O at all 

• SION Lib substrate 

– Fundamental problems with highly-parallel I/O 

– Parallel file systems not adequate  

(meta-data mgmt., massive file creates) 

– Solve with SION Lib from FZ Jülich 

– Map many logical files (application perspective) to  

few or one physical file (file system perspective) 

 



OTF2 SION Lib Substrate 

• SION Lib by JSC, FZ Jülich 

• Map many logical files (application perspective) to  

few or one physical file (file system perspective) 

• Blockwise mapping to blocks and chunks 

… 

FS block SION block Metadata chunk Datachunk 

SION file: 



CUBE4 

• Generic format for call-path profiles of parallel apps, 

three-dimensional performance space: 
 

Metric hierarchy x Call-tree hierarchy x System hierarchy 

 

• File organization, since version 4 

– Metadata stored in XML format 

– Metric values stored in binary format 

(Two files per metric: data + index for  

storage-efficient sparse representation) 

– Bundled into one file 
 

• Optimized for  

– High write bandwidth 

– Fast interactive analysis through incremental loading 



CUBE4 GUI 

Which 

problem? 

Where in the 

program? 
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process? 



OPARI2/POMP2 

• Opari usability improvements 

– Multi-directory build 

– Parallel build 

– Pre-instrumented libraries 

 

• OpenMP tasking 

– Task directive instrumentation, tied only 

– Providing task-ids, maintenance at task-switching points 

 

• POMP2 API changes 

– Region initialization, eager or lazy 

– Maintain thread parent-child relationship 

– Optimization hints (num_threads clause) 

 



Online Access Interface 

• The Online Access Interface (OA) allows to: 

– Retrieve measured performance data  

while application is still running 

– Control application execution, interrupt between phases 

– Configure and re-configure measurement settings 

– Successive measurement iterations with refined settings 

 

• Designed according to Periscope„s analysis method 

– Multiple performance experiments within one run 

– Remote analysis with measurements acquisition over sockets 

– Faster analysis: one iteration of the time loop could be enough 

 

• May induce new analysis methods  

 



Releases 

Releases 

• Early preview release at SC„10 

• Pre-release at SC‟11 

• Score-P BOF at SC„11: 
 

 The Score-P Community Project –  

 An Interoperable Infrastructure for  

 HPC Performance Analysis Tools  
 

 BOF142S1 Thursday, Nov 17, 12:15 - 13:15 

 

• First public release Dec. 2011 (at end of SILC project) 

 



Future Features and Management 

• Scalability to maximum available CPU core count  

• Support for CUDA, OpenCL, and HMPP 

• Support for sampling, binary instrumentation 

• Support for new programming models, e.g. PGAS 

• Support for new architectures, e.g. BG/Q 
 

• Ensure a single official release version at every time 

which will always work with the tools 

• Allow experimental versions for new features or research 
 

• Open for new partners after SILC funding period 

• Commitment to joint long-term cooperation 
 

• Future integration in Open MPI releases 



Long-term Cooperation, Other Projects 

• SILC (2009 – 2011) 

– Initial version 
 

• PRIMA (2009 – 2012) 

– Integration with TAU 
 

• H4H (2010 – 2013) 

– Heterogeneous architectures 
 

• HOPSA (EU-Russia project, 2011-2012) 

– Integration with system monitoring 
 

• LMAC (2011 – 2014) 

– Evolution of Score-P, performance dynamics 
 

• GASPI (2011-2014) 

– PGAS, performance API, tool support 

 



First Evaluation: Score-P Overhead 

• Improved measurement overhead  
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First Evaluation: Score-P Overhead 

• Improved measurement overhead 

• Relative overhead < 4% for Score-P 
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First Evaluation: OTF2 

• Clear improvement of memory usage through online 

compression 

 



Conclusions 

• Common measurement part is community effort 

– Use released resources for analysis 

• Unite file formats, open for adoption 

• Online access interface, open for adoption 

• Scalability/flexibility/overhead limitations addressed 

• Easy to extend due to layered architecture 

• Robust due to extensive and continuous testing 

• Long-term commitment 

– Partners have extensive history of collaboration 
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