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ISML was funded by DOE/ASCR originally for ~$1.8 M for 4 years. After this, it was renewed for Phase 2 (year 3 of 4) at ~$2.4 M.

Motivation Signatures, Measures, and Decisions

• We divide the simulation domain into analysis partitions, then create 
compressed representations of simulation data, called signatures.

• We then utilize measures, which are representations of how close 
signatures are to each other. Measures can be off-the-shelf algorithms, 
such as DBSCAN, or specially crafted to work with specific signatures.

• Finally, we use decisions, which are a mapping from measures to 
partitions that may be ”interesting”

Results Summary Impacts & Successes to date

• DOE research often involves discovering new, “interesting” events
in high-fidelity physics-based HPC simulations.

• Standard anomaly detection algorithms are limited, requiring the 
capture of all the data for post processing, or requiring high-
bandwidth in-situ communication.

• Our goal is to create a more efficient way to detect the anomalies 
in-situ, thus facilitating more precisely targeted event capture.
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We injected randomly distributed 
anomalies into a buoyant fluids simulation 
as an initial test of the efficiency of our 
approach versus the conventional 
approach of sparse snapshotting. Our 
methods captured far more of the 
anomalies with only slightly higher data 
export. Similar results were found in other 
simulations, such as combustion and 
cyclone detection.
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Minimize the 
Residual

We are exploring the use of ISML 
algorithms in the hyper-reduction step 
of reduced-order modeling.

We are currently using ISML algorithms in a different fashion, altogether, in the Grand Challenge project “CLimate impact: 
Determining Etiology thRough pAthways” (CLDERA, PI: Diana Bull). Rather than finding things like anomalies, we are using the 
algorithms to cluster regions of similar statistical behavior. We can then trace the evolution of cluster partitions through time, 
tracing chains of events and probabilities of transitions. Shown below is the clustering for a simulation of the eruption of Mt.
Pinatubo. To the right of the snapshot is the cluster evolution graph and a sample of the transition probabilities.
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