Project submitted for the base funding of Artem Alikhanyan National Laboratory (ANL)
Principal Investigator: Sargis Mkoyan
TITLE: Development of research/educational web 2.0 environment for integrating and analyzing observational, experimental and model information in the fields of high energy physics, space weather and geophysics.

PARTICIPANTS: 

1. Computer Center and Cosmic Ray Division of the Alikhanyan National Laboratory (ANL), Armenia; 

DURATION: 24 months

Estimated Project Costs

	Estimated total cost of the project (US $)
	30,2

	Including:
	

	Payments to Individual Participants
	28.8

	Equipment
	1,4

	Materials
	0

	Other Direct Costs
	0

	Travel
	0


PROBLEM
Data analysis especially connected with new emerging scientific fields and especially with novel emerging ideas could not be accomplished during the live cycle of the large scale experiments. The last, but surely not the least is the extremely high cost of the experimentation, therefore, if only by combining the data from already finished experiments and applying the new procedures of the joint data analysis we achieve the new knowledge, it will be huge economy of resources and, also, we will give proper credit to previous, may be undeservedly forgotten, experiments. With the growing number of already finished sophisticated and costly experiments, the need to establish a new type of infrastructures for using and comparing the data from numerous discipline-specific repositories becomes more and more urgent.  To acquire the new knowledge, the joint data samples from different domains must be combined for the multivariate correlation analysis.

 To create a new knowledge there is strong need in the advanced data manipulation frameworks, which will provide tools for multivariate visualization, and multidimensional methods of doing structural and statistical analysis of data recorded by multiple experiments world-wide.

OBJECTIVES

 Development of a web based platform facilitating collaborative analysis of the recorded data and providing a range of data analysis tools for the physical inference in the multivariate, multi-instrument environments with varying instrument settings captured in a wide range of formats. The developed methodology will serve to link a multitude of space and geophysical observations into an integrated system that provides analysis tools and services to fully utilize the scientific potential of current and future space weather/geophysical observations.

TASKS: 

TASK 1. Installation of a high productivity ANL based computational cluster on 320 CPU (2 Processor Dell PE1950 III Dual- Core Xeon E5205 1.86GHz); 40 TB storage; new file servers; 
	Task description and main milestones
	Participating Institutions

	Task 1.1 Server Cabinet Installation,cabeling, Network setup 

Task 1.2 Operation system Installation on servers ,testing 
Task 1.3 Installation of necessary Programm Librares and software ,testing
Task 1.4 Ordering   Dell PowerVault MD1000 storage array
Task 1.5  Ordering Dell T5500 Workstation with NVIDIA Tesla C1060 graphics processing unit.


	1-5   ANL



Task 2. Development and install of a specialized software “Large Scale Data Facility” to provide storage and computing services for scientific experiments at Mt. Aragats and for ANL’s  working groups at CERN and DESY; 
	Task description and main milestones
	Participating Institutions

	Task 2.1 Development and install of a specialized software “Large Scale Data Facility”
Task 2.2 AFS,dCache,XRootd File System Installation

Task 2.3 Installation ALICE ,ATLAS,CMS Virtual Organization software Packets
Task 2.4    C++,CUDA software  istallation forTesla C1060 graphics processing unit
	1-ANL
2- ANL
3- ANL
4-ANL


Task 3. Developed on top of the ADEI graphical interface (KIT) multivariate data analysis software from the ANI package (ANL) for the multivariate correlation data analysis
	Task description and main milestones
	Participating Institutions

	Task 3.1 Developed on top of the ADEI graphical interface (KIT) multivariate data analysis software
Task 3.2 Development and maintenance of the databases, multivariate visualization programs
	1-ANL
2-ANL



IMPACT: 

· Tools for multiple comparisons of experimental and model data to enable choice of the best models for now-casting and forecasting of dangerous consequences of space weather;

· Maximisation of the scientific return from the networks measuring geophysical parameters;

· Promote possible applications and services based on the fundamental research of the space environments; path the gap between research and delivery;

· A comprehensive post-analysis of the phenomenology for the physical modeling;

· Improve quality of the data by multiple inter-calibrations and applying statistical tests;
Improve interoperability between data, models and services in space weather/geophysics domain.
Brief survey of the worldwide researches made on the project topic, the competitiveness of the project, and achievements of the group:
The new paradigm establishes a new style of virtual, distributed scientific research, providing access to an integrated collection of the complementary scientific data and exploiting inherent synergy of experiments. The Virtual Solar-Terrestrial Observatory (VSTO) is a good example of the described approach. The observatory allows virtual access to a highly distributed and heterogeneous set of data that appears as if all resources are organized, stored, and retrieved or used in a common way. When deal with multichannel spatially distributed measurements like monitoring of the cosmic ray particle fluxes (for instance by ASEC  and SEVAN) by the worldwide detector systems, the remote research groups need to be provided with fast, reliable, and easy to use access. Already existing powerful MSQL data bases, mirror sites in US and Europe, fast and powerful visualization systems, qualified personnel establish ANL’s high altitude research stations as a center of excellence for measuring atmospheric and geophysical parameters, space weather forewarning, and global prognosis. The SEVAN worldwide network of the particle detectors (Chilingarian et al., 2009) add valuable information from different latitudes and longitudes, necessary for forecasting of the solar extreme events. The Advanced Data Extraction Infrastructure (ADEI) developed at Karlsruhe Institute of Technology is a web visualization framework optimized to deal with distributed network of data sources where the data organization and format could differ significantly.  Advanced data caching mechanism enables ADEI to deal with huge amounts of data still preserving real-time performance. We already started integration of hundreds of measuring channels from ASEC, SEVAN, with data from facilities on board of GOES, ACE and SOHO spacecrafts for the mutual on-line visualization and analysis. We already design the on-line forewarning services (including Bayesian and Neural network models operational models of the major space events in progress, see details of computational methods used by CRD group in Chilingarian, 1989, 1994, 1995). The classification algorithms based on Neural Networks and Bayesian classifiers could be easily parallelized. Therefore, we are aimed to utilize in our web framework multivariate correlation analysis tools using multi-core IBM cell CPUs and general-purpose computing on GPUs (Graphical Processing Units). 

In KIT is operating the second biggest GRID node in Europe. The KIT is developed European largest facility Large Scale Data Facility at the Steinbuch Centre for Computing (SCC), participate in the High Data Rate Initiative of the Helmholtz Programme PNI, and in many other European initiatives. 
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Equipment
	Item
	DESCRIPTION OF ITEM
	Qty
	Cost
	Amount

	No.
	 
	 
	(USD)
	(USD)

	1
	HDD SATA 2TB
	4
	200
	800

	2
	16 port 10/100/1000 Switch  D-Link DGS 1216T 
	2
	300
	600

	
	Total
	
	
	1400


6. Personnel Commitments
Project Manager : Sargis Mkoyan Head of Computer Center ANL
Harutyun Dermenjyan: System administrator ANL Computer center
Edik Mkoyan PhD student  System administrator
1 software engineer . Vacancy
Technical Approach and Methodology
Hardware Platform

During last two years there were implemented several projects in Yerphi for setup our first  computer cluster and for Grid infrastructure development and deployment.

A-1606  Development of Armenian-Georgian Grid Infrastructure and Applications in the Fields Energy Physics, Astrophysics and Quantum Physics  (01.11.2008 -30.10.2010)

In the framework of above mentioned project a computer cluster has been deployed in Yerphi with the following specification:

1x Computing Element: 2 Processor Dell PE1950 III  Dual-Core Xeon E5205 1.86GHz   
1x Storage Element: 2 Processor Dell PE1950 III  Dual-Core Xeon E5205 1.86GHz + 1TBHDD

6 x Worker Node: 2 Processor Dell PE1950 III Quad-Core Xeon E5420.5GHz   

Total number of CPUs on worker nodes: 48 CPU

Total storage size: 1 TB 

With the help of our German partners from DESY we are receiv additional 80 servers with the following specification: AMD Opteron 2,5GH 2x processors,RAM 4GB HDD 80GB

The Advanced Data Extraction Infrastructure (ADEI
) platform

The Advanced Data Extraction Infrastructure (ADEI
) developed at Karlsruhe Institute of Technology is a web visualization framework optimized to deal with distributed network of data sources where the data organization and format could differ significantly.  Advanced data caching mechanism enables ADEI to deal with huge amounts of data still preserving real-time performance. The multi-year overview plots of the data sampled at hundreds of Hz are produced within few hundreds of milliseconds using commodity computer hardware. To enhance user experience, the data navigation follows Google-maps navigation guidelines. There is interface optimized for small hand-held devices. The gestures are supported for iPhone and iPad. ADEI have a modular architecture. The server-ran backend provides a uniform access to the data. It accesses data from multiple sources using custom plugins and distributes it to the users over web service interface in a standard way. The Web 2.0 frontend communicates with the backend using AJAX and plots the interfaced data. Multiple rendering modes as well as indications of data quality are supported. ADEI is currently used in a wide area of applications ranging from fusions experiments, astroparticle physics, and meteorological systems. 
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 Current development of web technologies allows us to significantly enhance current ADEI interface and create fully-functional analysis framework on top of it. HTML5
 defines a set of new APIs providing a way to construct sophisticated web interfaces operating both online and offline. Web SQL Database defines a standard to store big amount of structured data client-side. Canvas API allows client to render complex two and three dimensional charts.  WebGL
 opens  a way to use OpenGL applications in the web browsers. The projects like Google Native Client (NaCLI
) and Mozilla JetPackI
 permit to run web applications at full system speed using SIMD capabilities of modern processors and even offloading parts of computations to graphic co-processors
.
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Thanks to modular architecture, ability to work with multiple data representations, and support for high data rates, ADEI is ideal candidate for an environment for multivariate data analysis on the web. We plan to enrich ADEI interface with all the features brought by HTML5 standard and integrate data analysis capabilities.  We will move most of the data processing and chart rendering to the client side. Using client-resources we will be able to serve a big scientific community world-wide at a good speed and without need of large-scale computer facilities at our labs. The data first will be transferred to the client PC and stored in the Web SQL database. Then, this data could be presented to the user using one of the available visualization algorithms. Multidimensional data will be visualized in 3D using WebGL and video play-back will be used to enhance presentation of dynamic processes. The analysis part will be based on user-supplied scripts processing the chunks of data in the local web database. For this purpose we will develop scripting language based on MATLAB syntax
.  Parallel programming capabilities will be available to the users by means of OpenCL standard
. ADEI will provide a management interface allowing uploading new scripts, managing scripts stored at the ADEI server, and applying them to the data in the local Web database. The collaboration between groups of users will be possible using an integrated WiKi engine.
�	 http://adei.info


�	 http://adei.info


�	 http://www.w3.org/html/wg/


�	 http://planet-webgl.org/


�	 http://code.google.com/p/nativeclient/


�	 https://jetpack.mozillalabs.com/


�	 http://mozillalabs.com/jetpack/2009/11/10/jetpack-0-5-contest-a-winner/


�	 http://www.mathworks.com/products/matlab/


�	 https://www.khronos.org/registry/cl/specs/opencl-1.0.29.pdf
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