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Abstract 

The Software-defined network for End-to-end Networked 

Science at Exascale (SENSE) system enables the automated 

provision of Cyberinfrastructure services with integrated 

network, compute, and storage resources.  These services 

can be Application Programming Interface (API) driven, 

which allows science workflow agents to initiate, monitor, 

and optimize through the lifecycle of their workflow.   

SENSE includes a model-based orchestration system which 

operates between the SDN layer controlling the individual 

networks/end-sites, and science workflow 

agents/middleware.  The key SENSE components are the 

"Orchestrator", "Network Resource Manager" and "Site 

Resource Manager" which together enable advanced 

features in the areas of multi-resource services, automated 

control, real time optimizations, and full life-cycle 

monitoring.  Figure 1 shows this SENSE architecture. 

This demonstration will show SENSE in operation across a 

variety of infrastructures including; Networks and Exchange 

Points (ESnet, Internet2, GNA-G AutoGOLE, CENIC, 

PacificWave, AMPATH/AMLight, StarLight, NetherLight 

Exchange), Edge Systems (National Research Platform 

Kubernetes Cluster, Data Transfer Nodes, LHC 

XRootD/dCached systems, Amazon Web Services), and the 

FABRIC infrastructure which includes network embedded 

compute/storage resources. 

SENSE services and features which benefit multiple science 

workflows will be demonstrated including the following:   

●​ Rucio/FTS/XRootD/dCache LHC CMS/ATLAS 

●​ DOE Integrated Research Infrastructure (IRI) 

●​ GNA-G AutoGOLE Applications 

●​ National Research Platform (NRP) Integration 

●​ Realtime workflow specific monitoring and 

workflow topology visualization 

Goals 

This demonstration intends to show how workflow-driven 

multi-domain, multi-resource service provisioning, with full 

life-cycle monitoring and adjustments, greatly enhances 

domain science workflow performance.  The example 

workflows will be used to automate the workflow specific 

infrastructure setup, and to compare performance with and 

without SENSE managed cyberinfrastructure services. 

In addition, this demonstration aims to show how network 

operators can use SENSE services to facilitate network 

infrastructure configuration and user services provisioning.   

Impacts 

Data transfers and associated network services typically do 

not have the same level of deterministic resource allocation 

as in place for compute resources.  As a result data transfers 

can introduce a degree of uncertainty in workflow 

operations, and the associated lack of network information 

does not allow for either the workflow operations or the 

network use to be optimized. 

The SENSE functionally demonstrated at SC25 is intended to 

show how  network resources and data transfer 

management can be elevated to the same level as compute 

and storage in the context of services access, scheduling, 

and life cycle management for science workflow 

orchestration.  A key next step is to show how this 

functionality can be easily deployed at multiple sites and 

networks across the R&E ecosystem.  The SCinet 

infrastructure enables demonstration of this capability at 

high performance, geographic distribution, and resource 

heterogeneity levels. 

Figure 2 shows an example workflow based on the LHC data 

movement stack of Rucio / File Transfer System / XRootD / 

dCache which has been enhanced to use SENSE for 

deterministic network services.   

Resources 

SENSE controlled network elements will be deployed within 
the SCinet NOC.  This will include an UMASS/MGHPCC 
provided Juniper QFX5130 switch/router will be dynamically 
controlled to build demonstration specific topologies from 
wide area connected locations, local SCInet National 
Research Platform (NRP) cluster, and direct connections to 
Caltech, StarLight, and Ciena booths. Figure 3 shows this 
demonstration infrastructure over which SENSE will operate.    

 



 

SENSE will provision a variety of demonstration topologies 
which combine Layer 2, Layer 3 network services and end 
system configurations tailored to specific workflow 
requirements. 
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