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Objective

We present a method for smooth visualization of link-entity diagrams that evolve over time and examples of its use in support of discoveries of trends and patterns in data used in food safety surveillance.
Background

Many data sets in the domain of food safety surveillance can be interpreted as collections of entities interconnected with links. Depending on the source of linkage information, the links can be either explicit or implicit. Explicit links often reflect operational knowledge, e.g. about food production facilities being connected via supplier-receiver relationships. Implicit links can be derived from various transactional data, e.g. two facilities may be considered connected if they concurrently record a positive test for the specific serotype of Salmonella. In practical scenarios, networks of entities connected with explicit or implicit links tend to be complex. Their meaningful visualization on planar surfaces can provide important insight on the structure of relationships recorded in data. However, in general, producing informative projections of complex networks is not a trivial task. Its complexity is further exacerbated when the structures of the underlying networks change over time. 
Methods
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The set of facilities marked in 

red had no S. Newport isolates 

in 2005, so they are positioned 

away from the S. Newport node

The set of facilities marked in 

green recorded S.  Newport in 

2005, so they are projected 

nearby this Serotype node

Facilities marked in red reported 

S. Newport isolates in 2006. 

Now they are located in close 

proximity to that serotype node

Facilities marked in green are slowly drifting 

away from S. Newport node since they do not 

record this kind of isolate in 2006, however, 

they remain close by since they used to have 

that problem in the recent past

S. Newport

To illustrate the proposed approach, we represent food production facilities as one type of entities in a bi-partite graph that evolves over time. Another type of entities denotes various specific serotypes of Salmonella. Two entities of distinct types are linked in the graph if a microbial test of food sample conducted at the specific food facility over a specific period of time turns out positive for the particular pathogen. The evolution of the graph over the subsequent discrete time steps can be captured with the Dynamic Social Network in Latent space method (DSNL) introduced in [1]. DSNL projects proximity between entities in the graph onto a low dimensional Euclidean space so that images of pairs of closely connected entities end up near each other in the projection. DSNL optimization algorithm combines the criterion of the fidelity of the projection with respect to the current graph topology, and the desire to maintain smooth transitions between projections computed for subsequent time steps, and it is being accomplished in a computationally efficient manner. The results often produce meaningful visualizations of complex dynamic networks.
Example Result
The diagram below illustrates one possible usage mode of the proposed dynamic visualization approach. It depicts projections of network data obtained for two subsequent periods of time. In the diagram, entities corresponding to Salmonella serotypes are marked with squares (only one is shown), and food facilities with color-coded circles. Sizes of the markers correspond to the frequency of positive test outcomes per serotype and facility, respectively.
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