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Scientific and engineering research is increasingly driven by data intensive methods for exploration of 

new concepts and development and validation of research outcomes and applications. This is 

particularly true in multi-disciplinary and cross-disciplinary fields where comparative analyses and 

traditional research domains must be integrated to address complex technical, engineering, and social 

challenges. The University of Cincinnati has initiated a campus-wide, multi-disciplinary program of 

research into fundamental challenges facing urban communities that are adopting digital technologies, 

embedded sensors, and integrated cyberinfrastructure. The UC Digital Futures Initiative brings together 

researchers across the academic community with technology developers, government agencies, and 

community and industry partners to conduct “use-inspired research,” leading to solutions for the 

complex challenges associated with the digital transformation of society.  The program focuses on data 

and cyberinfrastructure requirements for multi-disciplinary research, and the development of analytic 

systems for understanding the environmental, technological, social, and economic dimensions of 

modern societies. While the dimensions are many, our response focuses on three specific challenges: (1) 

high-performance computing and data storage as a critical infrastructure; (2) access to data repositories 

for development and testing of AI algorithms and cybersecurity tools; and (3) secure cyberinfrastructure 

to assure valid, credible research outcomes and products. 

 

Question 1 (maximum 400 words) – Data-Intensive Research Question(s) and Challenge(s). Describe 

current or emerging data-intensive/data-driven S&E research challenge(s), providing context in terms of 

recent research activities and standing questions in the field. NSF is particularly interested in cross-

disciplinary challenges that will drive requirements for cross-disciplinary and disciplinary-agnostic data-

related CI. 

The University of Cincinnati has embraced a long-range strategic vision called “Next Lives Here” 

dedicated to building a program of multi-disciplinary “use-inspired” basic and applied research directed 

at solving complex problems associated with the digital transformation of modern societies. As an urban 

R1 research university, UC conducts research in a broad range of academic disciplines, to include 

medical, engineering, criminal justice, business, digital humanities, and computer science, and provides 

the workforce, research products and partnerships with industry, community and civic entities as host of 

an advanced cyberinfrastructure that constitutes a regional and national resource. At the foundation of 

this university and city partnership is a need for significant local secure, federated and domain-agnostic 

data collection, transfer and storage, and computational and publishing capabilities that are seamlessly 

connected to the national advanced cyberinfrastructure. A lead program of UC’s strategic vision is the 

Digital Futures Initiative, to be housed in a 180,000 sq.ft. research center as the anchor of a new 

regional technology corridor.  UC Digital Futures is currently coordinating a multi-disciplinary portfolio of 

university-funded Anchor Projects that effectively replicates the multi-dimensional complexity of the 

modern urban ecosystem. Digital Futures activities include the integration of research outcomes from 

computer science and engineering, information technology and data analytics, social science and 

economics, and community equity and collaborative impact. This research portfolio requires 

computational infrastructure that supports multi-dimensional data collection, management, integration, 

analysis, and assurance. In the initial months of this cross-disciplinary research program, Digital Futures 
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has identified a number of challenges that demand further investigation into the characteristics, 

specifications, and priorities for the foundational cyberinfrastructure of urban and digital ecosystems 

and the evolution toward smart and connected communities. High-priority S&E research questions 

include the following:  1. What are the current and long-term requirements for computational 

power and storage to support smart and connected communities and the integration of Internet of 

Things (IoT)-based sensors, management of complex, integrated critical infrastructures, environmental 

and public health monitoring, and data processing for near-real time decision-making?  2.

 Coincidentally, what are the requirements for data storage, access, archiving and retrieval to 

support city infrastructure and communications, and ensure open access to public information?  3.

 Finally, how can community cyberinfrastructure needs and services be provided in a secure 

digital environment that preserves sensitive personal and organizational data, ensures public right to 

unfettered access, protects the validity of scientific data, and preserves public trust in government, 

institutions, and knowledge? 

 

Question 2 (maximum 600 words) – Data-Oriented CI Needed to Address the Research Question(s) 

and Challenge(s). Considering the end-to-end scientific data-to-discovery (workflow) challenges, 

describe any limitations or absence of existing data-related CI capabilities and services, and/or specific 

technical and capacity advancements needed in data-related and other CI (e.g., advanced computing, 

data services, software infrastructure, applications, networking, cybersecurity) that must be addressed 

to accomplish the research question(s) and challenge(s) identified in Question 1. If possible, please also 

consider the required end-to-end structural, functional and performance characteristics for such CI 

services and capabilities. For instance, how can they respond to high levels of data heterogeneity, data 

integration and interoperability? To what degree can/should they be cross-disciplinary and domain-

agnostic? What is required to promote ease of data discovery, publishing and access and delivery? 

(1) High Performance Computing (HPC) as critical infrastructure  The University of Cincinnati has 

identified High Performance Computing (HPC) and storage as a fundamental enabler for the digital 

transformation of urban societies. The integration of Internet of Things (IoT)-enabled technologies with 

pervasive wireless networks requiring low-latency data transmission for city functions and development 

will drive demand for near real-time data collection, processing, integration and analysis. In effect, HPC 

will soon be as central to a city’s critical infrastructure as are public utilities such as electrical power, 

water and sewage, and networked communications. Research into the methods and system 

architectures to permit access, analysis, and integration of the multitude of IoT-based datasets is a 

central challenge in this area. Characteristics and requirements for HPC as a public service will require 

research into such aspects of cyberinfrastructure as  • Scalability of scientific codes and software for 

Exascale computational infrastructure;  • Real-time HIPAA- and ITAR-compliant storage, high-

speed transfer and compute tools for e.g., environmental modeling, health monitoring, and 

development of digital twins;  • Resources to develop, host, publish and distribute local domain-agnostic 

data;  • CI for providing support for cities – high-speed processing and storage for data-intensive 

workloads, archival storage, compute expertise, and data back-up;   • CI resources for university 

industry/small business partnerships that will lead to research collaboration, workforce development 
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and economic growth.    (2) Access to IoT data repositories for development and testing of AI algorithms  

Smart cities use sensor data to improve performance of urban services such as utility usage, 

transportation, and public safety. Machine learning (ML) and artificial intelligence (AI) facilitate pattern 

recognition for the data volume that can be expected from embedded IoT sensors, but to produce 

accurate predictions, AI algorithms need to be “trained,” i.e., presented with large datasets containing 

labeled known events to learn the notion of “similar data” and to recognize aberrations. To enhance 

smart homes and smart cities with IoT devices, training data from a variety of devices is required. 

Researchers have recognized the value of AI to support analytic processes and automated response to 

IoT data; however, the cost of collecting training data is high not only because it requires a physical 

device, but also requires tools to record data from a device not designed to retain data (i.e., the sensor).  

Faced with limited available training data, researchers are required to simulate IoT devices, collect 

synthetic data and then classify and label this data. Cyberinfrastructure required to mitigate this 

research challenge would include the following:  • A smart home and smart city testbed for 

identifying and recording IoT data;  • An online repository of classified data available to a community 

of researchers;  • Documentation of tools and resources used to record and classify IoT data; and   

• An online system for members of the research community to share IoT data.    (3) Secure 

Cyberinfrastructure to assure valid, credible research outcomes  Future data-intensive research will be 

conducted in an environment that is under constant threat from cyber-attack, intrusion, theft of 

intellectual property, and general threats to credibility for researchers and their work. Mitigation of this 

risk and protection of data sources, processes and sensitive data will require a constant—and 

constantly-improving—regime of cyber-awareness, risk management, and research into how best to 

protect and preserve research products. Cyberinfrastructure systems and protocols for preserving cyber 

assurance and credibility include    • Training methods for user-level cybersecurity hygiene for 

researchers;  • Protocols and policies for rebuilding community trust following cyber-attacks and 

response;  • Methods and systems for continuous assessment and measurement of IoT security 

posture;  • Methods for addressing policy dimensions in parallel with the adoption of new 

technologies. 

 

Question 3 (maximum 300 words) – Other considerations. Please discuss any other relevant aspects, 

such as organization, processes, learning and workforce development, access and sustainability, that 

need to be addressed; or any other issues more generally that NSF should consider. 

The Office of Research at the University of Cincinnati appreciates the opportunity to respond to this NSF 

RFI. Among the university-level requirements in cyberinfrastructure to support this research, the human 

and workforce development aspect rises to prominence. Active support from NSF in advocating for and 

enhancing funding support to professional development of the next generation of researchers and 

technologists would be a priority. Emphasis includes growing staff with expertise in areas such as 

parallelization and/or GPU porting; software engineering and development for data visualization, and 

regimes to guarantee access and reproducibility; and development of domain-agnostic data preparation 

and pre-processing for ML and AI applications.    An additional consideration would be NSF-sponsored 

research directed at investigating and formalizing strategies and methodologies for multi-disciplinary 



Response to NSF 20-015, Dear Colleague Letter: Request for Information on Data-Focused 

Cyberinfrastructure Needed to Support Future Data-Intensive Science and Engineering Research 

Reference ID: 11223717690_Dunaway 

 

Page 5 of 5 

 

research within universities that are seeking to build the necessary cyber and research infrastructure to 

make the cultural shift from traditional, narrowly-focused research toward multi-disciplinary, 

collaborative research. Such a project would be of considerable value in helping universities align 

resources and talent toward grand challenges and wicked problems that require data-intensive 

cyberinfrastructure and multi-disciplinary research teams operating in a collaborative environment. The 

UC initiative in Digital Futures is aimed at developing scientifically valid outcomes that contribute to the 

local community and economy, while enhancing regional workforce development, and training 

academic research talent. Additionally, the University hosts the Ohio Cyber Range and is developing a 

virtual environment for cybersecurity testing, research and education to build the next generation of 

cyber workforce.  To support these broad objectives, UC has embarked on a mission to transform its 

research infrastructure and culture to embrace cross-disciplinary collaborative research that addresses 

complex challenges in the urban environment. We would be pleased to provide a White Paper on this 

issue as a matter for consideration by NSF as a sponsored research endeavor. 
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