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Enable Science Workflow and Network Interaction with 
Deterministic "Quality of Experience"
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Workflow 
Agent

Science Workflow
Data Transfer or Streaming

WAN

Excellent Information available about aggregated (over 
time and data flows) use of the network infrastructure

Start Data Flow
?Quality of Experience - 
sufficient to meet workflow 
requirements? 

●No realtime per flow data available for planning or monitoring 
●No "deterministic" network services available
●Start data flow, and hope for the best
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Elevate Network to First Class Resource
API driven Automation and Orchestration
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●Allows workflows to identify data flows which are higher priority
●Allows the network to traffic engineer to fully utilize all network paths

SENSE

Workflow: Would like to move 
1TB anytime in the next 24 hours

Network: You can start in 2 hours, 
and will have at least 50Gbs 
end-to-end

Workflow and Network can interact 
for planning, resource discovery, 

negotiation, and full life cycle 
monitoring/troubleshooting
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SENSE operates between science workflow and 
the distributed cyberinfrastructure
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SENSE End-to-End Model

Model Driven SDN Control 
with Orchestration

UMD

DTN

RM

Intent Based APIs with 
Resource Discovery, 
Negotiation, Service Lifecycle 
Monitoring/Troubleshooting

Datafication of 
cyberinfrastructure to 
enable intelligent services

Real-time system based 
on Resource Manager 
developed infrastructure 
and service models

SENSE Architecture

RM
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SENSE Solution Approach – Application Interactions

● Intent Based – Abstract requests and questions in the context of the 
application objectives.

● Interactive – What is possible? What is recommended? Let’s 
negotiate.

● Real-time – Resource availability, provisioning options, service 
status, troubleshooting.

● End-to-End – Multi-domain networks, end sites, and the network 
stack inside the end systems.

● Full Service Lifecycle Interactions – Continuous conversation 
between application and network for the service duration.
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WAN Exchange 
Point
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SDMZ

Regional WAN

SENSE Services

DTNs

Site
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• Orchestration (of other domain owned systems)

• Multi-Resource (networks, end systems, instruments, clouds)

• Multi-Domain (Sites, Regionals, WANs, Exchange Points)

• Multi-Service (L2 Point-to-Point, L2 MultiPoint, L3VPN, QoS, Traffic engineered paths)

• Intelligent Services, realtime interaction, full-lifecycle monitoring

Layer 2 Service 
Individual DTN or DTN Cluster level 
attachment
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SENSE - Model based Resource Descriptions
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SENSE Orchestrator - Service Template 

• Read only and 
optionally with user 
editable parameters  

• Allows user to run 
with one time 
"ticket" or multiple 
time-use allocations
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SENSE - Site Layer 3 Flow to WAN Traffic 
Engineered Path Service
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SENSE - Northbound API 
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Multi-Resource Orchestration
• Networks, End-Systems, Cloud Resources, Instruments

• No need to manage/orchestrate all of the resources end-to-end, 
just the ones that matter
– congestion, performance, or policy reasons
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Traffic Engineered 
End-to-End Paths 11



ExaFEL/SuperFacility SENSE Interoperation
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https://drive.google.com/file/d/1b2_YK8T5wt-5y_KRZTVvrYLS7e-GqGxs


SENSE and Rucio/FTS/XRootD Interoperation

13

End Site
WAN

SENSE 
Network RM

SENSE 
Orchestrator
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Scientific Data 
Management 
and Movement
Suite

SENSE 
Site RM

Primary system 
for LHC and 
others

XRootD
(Data Transfer 

System)

End Site

SENSE 
Site RM

XRootD
(Data Transfer 
System)

● Rucio identifies groups of data flows 
(IPv6 subnets) which are "high priority"

● SENSE takes flows from the site 
edge and "Traffic Engineers" paths 
across the WAN and End Sites

● Enables use of "multiple paths 
between sites" and provision of 
"deterministic" network 
resources to workflows
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SENSE Papers and Info

● Software-Defined Network for End-to-end 
Networked Science at the Exascale, Elsevier Future 
Generation Computer Systems, Volume 110, 
September 2020, Pages 181-201, 
https://doi.org/10.1016/j.future.2020.04.018
– Accepted Manuscript: 

https://arxiv.org/abs/2004.05953

● SENSE Northbound API Program
– https://app.swaggerhub.com/apis/xi-yang/SENSE-O-Intent-API

● SENSE Website
– sense.es.net
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https://doi.org/10.1016/j.future.2020.04.018
https://arxiv.org/abs/2004.05953
https://drive.google.com/file/d/1lXcZpXznnHY24UwX0C2Tjf-l2ZCbTO-o
https://sense.es.net
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