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Abstract. Free-text queries are natural entries into the agaibn of complex
terminology systems. The way search results areepted has impact on the
user’s ability to grasp the overall structure af #ystem. Complex hierarchies like
the one used in SNOMED CT, where nodes have melfjgrents (I1S-A) and
several other relationship types, makes visuabratthallenging. This paper
presents a prototyp&ermViz applying well known methods like “focus+context”
and self-organizing layouts from the fields of Imf@tion Visualization and Graph
Drawing to terminologies like SNOMED CT and ICD-10he user can
simultaneously focus on several nodes in the telogies and then use
interactive animated graph navigation and semaotitning to further explore the
terminology systems without loosing context. Thetptype, based on Open
Source Java components, demonstrates how a numbelnformation
Visualisation methods can aid the exploration ofdived terminologies with
millions of elements and can serve as a base ftreludevelopment.
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traditional text-oriented systems. Humans can tgpgtan, recognise, and recall
images, and can easily detect changes in sizeycabape, movement, or texture [1].
If structural changes are smoothly animated atta ttzat the perceptual system can
track, rather than instantly changed, then the itiwgneffort of getting oriented in a
new modified scene is reduced [2]. An enjoyabler irsieraction is considered a key
element in IV [1]. IV's importance in medical apgdtions has been highlighted by
Chittaro [3].

Graph Drawing (GD) is a subfield of mathematics and computerersm
concerning for example graph theory and layout rtlgms. GD also presents
algorithms designed to fulfil “aesthetics criteri#e minimizing the number of edge
crossings, edge bends and total graph area [#h8]GraphviZ suite is a common GD
tool used for example when visualizing parts of@ene OntologlandSemantic Web
Most of the Graphviz-based systems do however mairdsent static non-interactive
graphs. A static graph generator without edge argssinimization is also available in
Clue

The data sets (terminology systems) in TermVizdirected graphs or networks
where the data elements have inherit relations thod fit into the subfieldGraph
Visualisation [6] which is the intersection dfnformation Visualisationand Graph
Drawing.

The objective of this paper is to present and disahe features of the TermViz
prototype.

2. Material and methods

The terminology systems to be visualized were cdrdeto and stored iRDF°
format. Components from the visualization toolkitefusé, were extended, modified
and stringed together to create the visualizatiohssurrounding graphical user
interface (GUI) with menus, buttons etc. and a gaghgraph loader bridging the
terminology storage and prefuse was created for application. The storage is
accessed remotely over a network connection. Thibles us to have several
visualizing front-ends (including Java Applets) egsing a single terminology server.
The architecture also allows accessing and agdneg@formation from multiple
networked information storages of different kind®r(example RDF storages,
Relational Databases and UMH)Sby creating suitable graph loaders and defining
appropriate queries.

The SNOMED CTversion used was delivered as tables in threa fflas”
containing concepts, descriptions and relatidesmCollis a collection of English and
Swedish versions of fiveterminology systems, prepared and imported intoea-
structured database by one of the authors (MNéymColl has so far been used for

3 http://www.graphviz.org/
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® http://www.w3.0rg/2001/11/IsaViz/

® Resource Description Framework, http://www.w3.RQF/ We used Kowari as storage,http://kowari.org

" http://prefuse.org/ - prefuse is intentionally kgmkin lower case by its creators.
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9ICD-10 andICF (by WHO)MeSH (by NLM). NCSP NOMESCO Classification of Surgical Procedures,
by the Nordic Medico-Statistical Committed§SH97-P (Swedish Primary Health Care Version of
ICD-10, by the Swedish National Board of Health &velfare).



generating a medical English-Swedish dictionary Mappings® from SNOMED CT
to ICD-10 were also converted to RDF and stored.

prefusé is a toolkit for interactive visualisation aimed Jdva programmers. It
divides the visualization task into a sequenceogfdal steps that can all be modified
by the programmer. Usability studies have been goted to ensure the toolkits’
effectiveness and usability [8].
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Figure 2a: A subset of concepts related to “Epilepsy” in SNEIMCT. Solid lines represent IS-A relations.
Purple’* nodes have been focused by uskrcsiens. When the cursor enters a node it becdrigidighted ir
orange, incoming links/edges turn yellow and outgdurn red.Figure 2b: Parts of the surrounding GUI.

3. Prototype Description**

In TermViz the user can start with an empty screeby showing a set of predefined
root nodes. A node can be expanded by manuallyctsgjeto show in- and/or
outbound links. Some queries can return thousahdedes and some SNOMED CT
concepts have thousands of incoming links, so thmber of hits returned by a query
or expansion is bounded by a user-selectable dppier

Queries: By entering query text in the field at the bottofithe screen (Figure 2b)
the user can find nodes matching the query. Theygsyntax? of the Lucene search
engine used resembles that of Google. When issaiqgery the results are added to
the already visible nodes. Upon query submissi@endbntents of the text and limit
fields are inserted into one of the predefined yuemplates and then submitted for
execution. The available query templates have g short labels that are shown
in the drop-down list in front of the query fiel@emplates can for example perform the

10 crossmaps from SNOMED CT to ICD-10 delivered wita SNOMED CT distribution
™ f you are reading a copy without colours, retecorresponding author’s homepage for color images.
2 hitp://lucene.apache.org/java/docs/queryparseasymiml



task “Return all SNOMED CT concept nodes that hawg description containing the
word supplied in the search field".

Advanced users can modify or add new query templatel preselect a suitable
graph loader for the query. This was designed thighpurpose of making TermViz an
easily evolvable system that can be extended bwseds [9].

Query templates can take a node ID as input instéafilee-text terms. Such
queries can be used for tasks like “show all ICDabdes that are crossmapped from
this selected SNOMED CT node”.

Focus sets and automatic graph traversalA query returns a set of nodes and
puts them in docus setNodes can also be manually added or removed fréocus
set. In Figure 2a the outgoing IS-A links, from faitused (purpf€) nodes, have been
automatically climbed as far as possible so thaataral root node has been reached.
During the climb newly found nodes are continuoustjng loaded and visualized, and
every node is assigned degree-of-interesf{DOI) value that decreases when the
number of steps from focused nodes increases. liher of steps to climb can be
limited by the slider markefittch.The slider adjusts at what DOI-level to stop fetchi

In Figure 2a the node “epilepsy” has been seleatsdi expanded to also show
other relationships than IS-A. To avoid clutterithg view, the nodes added this way
are not expanded further unless they are manuatlysed (added to the focus set) by
being clicked Cerebral structureandSeizurehave been manually focused in Figure 2a,
resulting in an IS-A climb.

Rendering and Layout: Different renderers (templates) can be used toepn
information about different types or states of tielss and nodes. Different line
patterns, line widths and fill and colours can bafigured.

By hovering over an edge or node, details abaatetshown in th®etails view at
the bottom right of Figure 2b. A highlighting ofethitem and its neighbours occurs
simultaneously (see Figure 2a).

Semantic zooming [6] adjusts the amount of inforaratdisplayed, while
geometric zooming only adjusts size. A simple foomsemantic zooming is also
illustrated in Figure 2a where only the focused ewdpurple) and their closest
neighbours have text labels. Thabel slider can be used to decide to what DOI-level
labels should be rendered. This way we compressttheture betweeBrain Partand
Body Structure.

The only layout algorithm currently used in the m¥ftiz prototype is a force based
physics simulation. Nodes exert “anti-gravity” réimg each other and links act as
springs pulling connected nodes towards each othédrag force” (friction) is also
active to stabilize the system. The simulation liguasults in a fairly balanced self
organizing graph structure where the forces balaamh other. The force simulation
can be stopped at any time using the pause buttdnnades can be rearranged
manually. In Figure 2a such manual rearrangemeassbieen done to reduce size and
improve readability. Individual nodes can also lienpd down at specific positions
during force simulation. This is currently illustea by using sharp instead of rounded
node corners. Force simulation parameters can jostad during runtime. Increasing
the anti-gravity may for example increase readghiflithe graph is too dense.



4. Discussion

TermViz is useful as a terminology search and binogv$ool in its current state, but
there is ample room for improvements.

Schneiderman’s task list: Schneiderman [1] lists seven desired tasks thdwvan
system should perform (written italics below). Many of these tasks are accomplished
by TermViz.

Smooth zooming and panning is available by mouse operatidfifering is
available in both queries and the semantic zoorfungtions.Details-on-demandre
shown by hovering over the node or edge of intefegpansion of individual node
relations can also be preformed.

The overviewtask is partly accomplished by the available pafatbomed out
view, but no general overview of the entire datdection is available. A limited
structural overview can be created by executingerygfetching the root nodes of the
terminologies and their descendants a number pEslewn. The possibility teelate
items is partly inherit in the node-link structuréthe application area and it is also
possible to issue queries to find relations. Saerenanshistory andextractiontasks
are not yet available in the prototype.

Problems with force based layouts:iLayouts based on force simulations have
inherit problems by being non-deterministic. Diffat runs of a layout algorithm
should ideally not produce radically different rigswsince that violates the desired
objective preserving the mental map of the usér.Al§orithms describing how to
create more predictable force based layouts ardablea [10] but have not yet been
implemented and tested in TermViz.

The Graph Drawingaesthetic rule of “minimizing the number of edgessings”
has been shown to be a prioritized rule for attgjmieadable graphs [12]. The force
based layout algorithms are not optimized reduossings but perform fairly well in
many situations due to the laws of physics.

Most of the TermColl terminologies are actually gientrees where nodes have a
single parent. There are several more efficierduéy than force layout for such graphs.
DOl-trees [13] would probably work well in this dmation. The possibility for, and
consequences of, combining graphs with differentolés on the same screen
(including mapping links between the graphs) wobkl interesting to investigate.
Ideally there should be many layouts availablettieruser to choose from.

Semantic zooming and rendering improvementsBy grouping sets of nodes and
edges with low DOI and replacing the whole grouphva special cluster node, the
number of visible items can be reduced. This israamtic zooming method, referred to
as clustering that can improve readability and performance. $Shracture between
Brain PartandBody Structurén Figure 2a could for example be turned into ona
couple of cluster nodes. Clustering would improweriViz and its implementation is
planned.

Adding symbols, patterns, more colours and shapé®etrendering would make it
possible to convey more detailed information inrtein graph.



Future and Applications: Obvious future development possibilities of TermVi
would be to implement the above discussed improwsnether possibilities would
be tailoring TermViz to enable visualizaton of UMi, FMA = and
Gene Ontology/OB# projects. It would also be possible to enableimglitunctions to
support maintenance and authoring of terminologird mappings between them.
Methods from the prototype are currently being &eipand applied to other tools;
Users of an archetype editor [14] will be suppoiitefinding and selecting appropriate
terminology bindings when creating archetypéstended for structured clinical data
entry. The ontology alignment to8AMBG® has also started incorporating methods
from the TermViz project.
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