LAB

rreerrerir€r H

| Motivation

G
STATE _-

* A need for data provenance in HPC scientific workflows
 Workflow & scientific data reusability, scientific data lineage
tracking, workflow optimization
 Challenges
 The scientists’ diverse needs is unclear
* The variety of the workflow characteristics (e.g., different |/O

interfaces and file formats)

Example 1: DASSA, an acoustic sensing workflow [1]
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Example 2: Top Reco, an ML workflow for top quark reconstruction [2]
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* A gap between the HPC data provenance and existing solutions
 \Vague provenance model
* |ncompatible provenance software on HPC environment
* Limited transparency
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Software Type Base Model |Environment|Language |Transparent?
Karma Middleware OPM Cloud Java Yes
Komadu | Provenance system | W3C PROV-DM Cloud Java No
Tanerna | Workflow system | W3C PROV-DM Desktop Java Hybrid
ProvLake | Provenance system | W3C PROV-DM Cloud Python No

Table 1: Existing Provenance Software for Scientific Workflows

|IMethodology

* Study variant workflows and their providers’ provenance needs
* Propose a provenance model for HPC data provenance
* Build a provenance framework
* Provenance Tracking for capturing diverse I/O operations
* Provenance Storage for persisting the captured provenance
information as standard RDF triples [3]
* User Engine for querying and visualizing provenance
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Figure 1: PROV-1I0 Model. An extension of W3C PROV-DM
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Figure 2: PROV-I0 framework
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Figure 3: Performance of Provenance Tracking. (a) Tracking performance of
DASSA. (c) Tracking performance of Top Reco. In the two figures, tracking
performance is measured with normalized workflow completion time with a

baseline of 1

— ]
Q
S

* |In DASSA workflow, the maximum provenance tracking overhead is
about 5.2% when tracking the provenance of the most fine-grained
data object in HDF5 (Attribute lineage)

* |In Top Reco workflow, the maximum provenance tracking overhead
s 13.2% when the number of epochs is 30. With more training
epochs, provenance tracking overhead becomes negligible

|Future Work

* Fully implement PROV-I0 Syscall Wrapper
* |mprove PDB & User engine
* Optimization existing database solutions and PROV-10 user APIs
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