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Machine Learning Interpretation and Efficiency, Part 2
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Overview
This session focuses on different examples of natural clusters and how neurons sort data ("cluster wars"), illustrating the importance of applying geologic interpretation to machine learning results.
Review: Possible Relationships Between Winning Neurons and Geobodies
As established previously, a winning neuron may: capture a natural cluster traceable to a real geobody; capture coherent energy that is not geology (for example, an acquisition artifact or interbed multiples); share a single natural cluster with other winning neurons; own a cluster traceable to several separate geobodies (a positive sign, since it shows the same natural cluster recurring across multiple real features); own a cluster that traces to only a portion of a larger geobody (for example, different segments of a meandering channel); or be an orphan or capture pure noise during training.
Cluster Wars: Synthetic Examples
A series of synthetic (artificial) two-attribute examples illustrates how SOM handles different configurations of natural clusters relative to the number of neurons used.
Four Clusters, Four Neurons
With four natural clusters and four neurons, training and classification generally assign each cluster its own distinct winning neuron (illustrated with different marker shapes: X's, triangles, pluses, squares). Plus marks indicate the location of each cluster's generating function; circles indicate the resulting winning neuron locations. Some samples near cluster boundaries may appear ambiguous as to which cluster they truly belong to.
Six Clusters, Four Neurons (Under-Resourced)
With six natural clusters but only four neurons, two of the neurons must each classify a pair of clusters, splitting the difference between two nearby cluster centers. The boundary between two such shared clusters is the perpendicular bisector of the line connecting the two involved winning neurons, exactly as seen in earlier discussions of Voronoi-style classification boundaries.
Six Clusters, Ten Neurons (Over-Resourced)
With six natural clusters and ten neurons, results are mixed: some clusters are cleanly identified by a single neuron, while others are split into two, three, or more parts by multiple competing neurons; some neurons end up with no associated samples at all (orphans). In this example, only two of the six clusters were identified cleanly, while the other four were divided among eight separate winning neurons.
Two Clusters of Different Sizes, Four Neurons
With two natural clusters of unequal size and four neurons, one neuron may capture the entire smaller cluster, while the larger cluster is split among the remaining three neurons. This reflects a fundamental, density-preserving property of SOM: larger, higher-density natural clusters attract more winning neurons than smaller, lower-density clusters.
Key takeaway from these exercises: interpretation is always required after running SOM, since not every winning neuron corresponds to a useful geobody. All of the previously described neuron-to-geobody relationship types (single geobody, shared geobody, multiple geobodies, partial geobody) require an interpreter's judgment to sort out; at present, this interpretive step cannot be fully automated.
The Visual Cortex Connection
Kohonen originally developed self-organizing map training rules based on studies of the visual cortex. In the visual cortex (located at the back of the brain), the right eye's input feeds primarily into the left hemisphere's visual cortex, and the left eye's input feeds primarily into the right hemisphere, crossing over in the midbrain. Functional MRI studies show clear correspondence between visual input patterns and the specific regions of the visual cortex that respond to them, closely paralleling the way SOM organizes attribute-space information into spatially coherent regions on its neuron topology map. This parallel between biological visual processing and SOM's self-organizing structure is presented as directly relevant to how interpreters visually recognize patterns in seismic classification results.
Case Example: Upthrown and Downthrown Reservoirs (Deborah's YOL Play)
An associate, Deborah, worked with a fault-bounded reservoir pair: an upthrown reservoir on one side of a fault and a downthrown reservoir on the other, each confirmed by a separate well penetration. This analysis used an eight-by-eight SOM neuron topology.
When Deborah presented these results, her supervisor asked two direct questions:
1. Why is the upthrown reservoir blue and the downthrown reservoir red? The direct answer is that each reservoir corresponds to a different combination of attribute values, placing it in a different, specific region of attribute space; that difference is reflected as a different winning neuron and therefore a different color. A more detailed explanation of exactly why the attribute combinations differ between the two fault blocks would require further, more detailed geologic investigation.
1. Why does each reservoir show more than one color? Because each reservoir was interpreted as a combination of several simple geobodies (several distinct winning neurons), reflecting real internal variation within the reservoir, such as changes in thickness or fluid contacts. Combining these simple geobodies into a single "interpreted" upthrown or downthrown reservoir geobody is an interpretive decision made by the geoscientist, not an automatic output of the classifier.
Summary
This session covered different situations in which natural clusters are broken down and assigned to neurons, illustrating the range of possible outcomes when the number of neurons does not exactly match the number of true natural clusters. It also covered the different situations in which geobodies are created, and how several of these situations, such as a single neuron owning a cluster that represents only a portion of a larger geobody, require the knowledge and judgment of a geoscientist to determine their meaning and relevance. Ultimately, the computer produces candidate geobodies; it remains the interpreter's role to determine which of those geobodies are actually important to the reservoir being studied.
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