
Proposers’ Day Workshop
Monday, January 23, 2017

@srcJUMP, #JUMPpdw



Distributed Computing 
and Networking

Jeff Burns

Director, Systems 
Architecture and Design

IBM Corporation

Vertical Research Center



• The use of computing to support 
enterprises and communities in 
social interaction, commerce, 
defense, and governance requires 
large-scale distributed computing 
systems.

• These systems support a large 
numbers of participants and 
applications, as well as many kinds 
of networked resources – compute, 
memory, storage, sensors, 
actuators, etc. 

The purpose of this theme is to 
explore the challenges of extremely 
large-scale distributed 
architectures.
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Center Motivation
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Each Tier:  “Infinitely” Scalable, Heterogeneous
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* From The Datacenter as a Computer, 2nd Edition, by L. Barrosa et al., 2013

Mainframes, Unix Servers Google WSC Servers *



• New application requirements coupled with physics-based implementation 
constraints on latency and energy call for novel architectural solutions to 
computing-at-scale, requiring innovations in interconnect and networking at all 
levels, from on-chip to between datacenters. 

• There are significant imbalances in the cost, and constraints on performance 
growth and energy consumption, of compute, storage, and networking that will 
require novel distributed-system advances, well beyond today’s hardware and 
distributed architectures. 

• Novel, multi-tier, wired and wirelessly-connected heterogeneous systems are 
expected; 

• Tiers may be sensor/actuator, aggregation, cloud/datacenter, or combinations 
thereof. 

• All tiers are expected to be highly scalable, and heterogeneity is expected both 
within and across the tiers. 

• The workload- and system-management aspects of these systems is highly 
relevant, including privacy-protocol management. Proposals should address the 
key new challenges in resource and applications management that must be 
effectively overcome in order for these novel, new systems to support a wide 
range of existing and emerging workloads.
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Research Considerations



• This theme will primarily focus on digital computing. 

• Dramatic advances over today’s systems (cloud, mobile, etc.) and 
capabilities are required. 

• Proposers are expected to define and tackle a grand challenge in the 
Distributed Computing and Networking space.

• The grand challenge should focus attention on research issues that 
would benefit a broad range of civilian and defense applications,
such as
• Society-scale digital currencies
• Battlefield command-and-control in denied environments
• Smart grid optimization
• Disaster management in digital cities.
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Theme Requires



In addition to the broad theme described above, possible research tasks of interest 
includes but are not limited to:

• Demonstrate breakthrough levels of scalability and efficiency for large-scale 
systems of multiple, heterogeneous tiers (e.g., sensor, aggregation, 
datacenter/cloud)

• Achieve major improvements in system performance, energy efficiency, and 
robustness across compute, network, and storage

• Resilient distributed computing fundamentals

• Architectures, protocols, algorithms and systems to support >10X improvement 
of power efficiency and latency for wired and wireless communication

• Explore datacenter-level interconnect and networking innovations that 
dramatically improve scalability, and reduce latency and energy consumption.

• Self-optimizing and resilient networks, reconfigurable interconnect fabrics, 
high-speed, secure data links

• Deliver and demonstrate innovations for management of privacy and 
authentication protocols across the system
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Possible Research Tasks (1)



In addition to the broad theme described above, possible research tasks of 
interest includes but are not limited to:

• Deliver and demonstrate innovations for configuration, workload, and 
data management for large-scale, multitenant systems

• System instrumentation and analytics for prognosis, diagnosis, 
reconfiguration, optimization, and repair

• Programming paradigms and languages for distributed and networked 
systems

• Software-defined infrastructure and resource virtualization

• Distributed decision and optimization support

• Novel computing architectures to reduce the energy and time used to 
process and transport data, locally and remotely for hyperspectral 
sensing, data fusion, decision making, and safe effector actuation in a 
distributed computing environment
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Possible Research Tasks (2)



In addition to the broad theme described above, possible research tasks of 
interest includes but are not limited to:

• Provide capabilities that function in communications-challenged 
environments:

• Where wired and wireless environments are not guaranteed to be 
available, reliable, or safe;

• Continue to operate properly operation in isolation environments;

• Intelligently synchronize when communications are restored, 
including only partial restoration

• Development of new distributed computing systems for new 
applications besides IoT and big data

Tasks should include both non-traditional and traditional architectures, 
to push the boundaries for software research and application
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Possible Research Tasks (3)



While Centers are not limited to students from these 
disciplines, students obtaining degrees from the Distributed 
Computing and Networking Center in the following areas of 
study are of particular interest to our sponsors in the years 
ahead:

MS / PhD

• Applied Math

• Comp Sci. or Comp Eng.

• Electrical / Electronics Engineering or Electrical and 
Computer Engineering

• Systems Engineering
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Degrees of Emphasis
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