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CAPIO: Cross Application 
Programmable IO



Motivations

• The I/O performance gap is still a significant bottleneck in large-scale HPC workflows. 

• Parallel file systems struggle to scale linearly with the aggregate disk bandwidth in real 
scenarios. 

• Computation and I/O overlapping are crucial in minimizing I/O overhead. 

• Thousands of existing file-based workflows w/o streaming capabilities.
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File based workflows
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What is CAPIO

• User-space data transport middleware enabling I/O coordination in 
scientific Workflows 

• No need to modify the workflow’s step 

• POSIX I/O System Calls (read/write/seek/stat/…) are transparently 
intercepted using dynamic linker features (i.e., LD_PRELOAD)

Marco Edoardo Santimaria @ CNR Pisa - 18 sept. 2024



What is CAPIO
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CAPIO Deployment
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What is CAPIO-CL

• An innovative, fully declarative, I/O coordination language 

• Annotates data dependencies within file-based workflows with 
synchronization semantics 

• Allows CAPIO to coordinate streaming injection
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Firing  rules
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Commit  rules
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Usage example
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CAPIO vs ADIOS2
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Performance
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Broadcast (1 prod - 5 cons)
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(Broadcast, 5 iterations per test, 1 producer - n consumers )

Scaling
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Scaling
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1000 Genome workflow
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Future works

• Remove MPI from CAPIO 

• Integration with WFMs
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Questions?
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