BES User Facilities Data Management and Analysis Resource Needs BES/ASCR Data Call
Combined Response from the ALS, APS, LCLS, NSLS-II, and SSRL

The BES light sources are in the position to help solve some of the most challenging and novel scientific questions facing the nation today, ranging from the design of new materials to manipulate classical and quantum information with high fidelity and ultralow power consumption, to enabling systems for efficient energy storage, transportation, and conversion that will drive the emerging economy based on renewable energy, to understanding the structure and motion of protein molecules to enable individualized medicine.
These scientific opportunities will be addressed by new measurement techniques, technological advances in detectors, multi-modal data utilization, and advances in data analysis algorithms, all of which are being driven to a new level of sophistication by existing and new light sources. Progress in these areas further the demand for advanced scientific data management and analysis resources that are beyond the current abilities of the BES light sources. The true scientific potential of the BES light sources will only be realized by coupling the intrinsic capabilities of the light sources with advanced data management and analysis.
 
The data management and analysis resource needs of the BES light sources are increasing at a rapid pace. Current facility Operations funding is not increasing at a rate sufficient to address these challenges, yet these challenges must be solved in order for the BES light sources to remain competitive. As a result of existing collaborative efforts to address these computing challenges, it is clear that the scale of the challenges is too great for any one facility to address individually. Unified solutions are needed in order to leverage efficiencies of scale, and to provide facility Users with the ability to transparently manipulate data from any of the facilities. The world-leading capabilities and expertise of the nation’s light sources and computing infrastructure provides BES and ASCR with an unprecedented opportunity for collaboration to fill the gaps that fall in the area outside the traditional BES and ASCR missions, enabling us to answer the most interesting scientific questions of our day. This effort must be driven by the computing efforts at the light sources to ensure the identified gaps are addressed in a collaborative and targeted approach.

The BES light sources have been performing detailed analysis of their data management and analysis needs. Many of these needs have been articulated in responses to the BES User Facilities Data Management and Analysis Resource Needs BES/ASCR Data Call from July 2018 [1, 2, 3, 4, 5]. The highest-priority needs for data management and analysis common to all the BES light sources and that are not sufficiently addressed are:

1. Data management and workflow tools that integrate beamline instruments with computing and storage resources, for use during experiments, as well as facile user access for post-experiment analysis. In order to integrate facility instrumentation with computing systems and storage resources, and provide an easy-to-use method of user access to data for post-experiment analysis, a unified and flexible set of data management and workflow tools is needed. Each facility currently supports some form of effort in this area from rudimentary functionality to highly facility-specific tools.

2. Real-time data analysis capabilities to significantly reduce the data volumes and provide feedback during experiments to improve data quality and to drive the direction of ongoing measurements. These would include adaptive and scalable automated experiment steering capabilities that combine experimental data with simulations to identify and track processes and events and the utilization of leading machine learning and artificial intelligence algorithms. In order to answer the most challenging and novel scientific questions, tools and infrastructure that couple acquisition, analysis, feedback, and simulations to automatically steer experiments is necessary. For example, the integration of model-based approaches will allow automated steering of data collection to areas of interest in order to study processes that occur in too short a period for humans to react. Considerable effort is needed to apply machine learning, artificial intelligence, and automated segmentation and registration techniques to individual techniques and science domains.
3. On-demand utilization of super-computing environments to enable real-time data processing. Real-time data processing is the only means to deal with the anticipated data volumes that will be generated by the BES light sources, and is required to realize automated steering of experiments. On-demand utilization of supercomputing resources is necessary to achieve this. Many important experimental techniques, ranging from Ptychography to XPCS to SFX to SPI, will require tens of PFLOPS peak processing capabilities and will require computing allocation of several million hours by 2021 and of a few billion hours by 2028 (see [3] for an example).

4. Data storage and archival resources to house the continually increasing amounts of valuable scientific data produced by the BES light sources. Based on an analysis of projected data rates in the future that considers technique, detector advances, experiment uptimes and allocations, and the impact of facility upgrades, the BES light sources are able to estimate their data storage needs. Combined, the BES light sources are expected to collect approximately 150 PB per year by 2021, and will be approaching 1 EB per year by 2028.

In order to meet the highest-priority needs for data management and analysis that are common to all the BES light sources that fall outside the BES and ASCR mission, the following course of action is recommended:

1. SciDAC Partnership/Institute: A distributed initiative with participation from all of the BES light sources, supported at the level of 12 FTE per year for 5 years, with the possibility of an additional 5-year renewal, directed at problems common to all of the BES light sources is needed to make impactful progress in these areas (note that these developments do not include applied math, that we expect to remain the purview of CAMERA):

a. Unified, robust, flexible data management and workflow tools, including streaming capabilities from the beamline to the computing resource (4 FTEs).
b. Adaptive and scalable automated experiment steering capabilities that combine experimental data analysis with model-based approaches (simulations or surrogate models) to allow autonomous steering of data collection and experimental conditions (4 FTEs).
c. Development of novel machine learning, artificial intelligence, and automated segmentation and registration techniques and approaches (4 FTEs).

2. High-End Computing (HEC) resources: Increase the compute and storage allocation fraction dedicated to the facilities within the overall BES allocation at the HECs. Future upgrades at NERSC, ALCF and OLCF will allow to significantly increase the fraction of computing hours allocated to BES facilities, while also increasing the hours allocated to Materials Sciences and Engineering (MSE) and Chemical Sciences, Geosciences, and Biosciences (CSGB).

3. Local integration capabilities: Investment at the level of at least 2 on-going additional FTEs per facility would allow for impactful integration and maintenance of the major capabilities provided by the SciDAC development above and the integration of HEC resources.
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