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Abstract. Dataset maintenance and development is a complex endeavor that
necessitates the use of different systems through the dataset lifecycle. The se-
mantic web succeeded in setting common standards that enable data inter-
change between these systems. Still, there is often a lack of interoperability and
integration at the process level, indispensable to use different systems in a sin-
gle, combined workflow. In this regard, we considered use cases concerning the
interaction of dataset editors with content publication/fruition systems, which
provide a linked data interface, and dataset catalogs, which meet the FAIR prin-
ciple of findability and persistency. As a case study, we considered ShowVoc
and OntoPortal as examples of these two classes of systems. Having committed
to the collaborative knowledge editor VocBench 3, we contributed extensions
for it that address the defined use cases. Evaluating our contributions, we identi-
fied some aspects of future improvement in the relevant subset of VocBench 3.

Keywords: linked open data, workflow, integration, catalogs, publication, On-
toPortal, ShowVoc, VocBench

1 Introduction

The semantic web [1] was conceived as an extension of the traditional document web,
aimed at enabling machines to better understand and process resources on the web
through the explication of their intended semantics. Although the original vision has
not been delivered yet, research on semantic web — renewed by the linked open data
paradigm [2] — succeeded in the definition of common standards for data publication,
reuse, and integration [3], towards the realization of a web of data, evolving the cur-
rent document web into a global data space [4]. Unsurprisingly, a lot of systems have
been developed to cover the different stages of the data lifecycle on the semantic web,
including — but not limited to — (collaborative) editing, linking, and publication. Re-
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lated to the latter, the semantic web has traditionally relied on decentralization and,
with the advent of link open data, data publishers are in charge of setting up HTTP
servers so that resource IRIs resolve into different representations (e.g., HTML for
humans and different RDF serializations for machines), while the primary mechanism
to find information is link traversal — often called “follow your nose”. Search engines
(e.g., Google, Bing, Yahoo, Baidu), which have become the entry point to the web,
are still not widely established on the semantic web (nor have existing actors provided
large support for it, having developed their own internal “knowledge graphs™); none-
theless, some forms of centralization have already made their way to the semantic
web through data catalogs [5,6,7], which address a variety of needs, not least persis-
tency against failure of the original data sources. In fact, catalogs acquire primary
importance at the intersection of the semantic web and the open data movement. The
latter has promoted data accessibility as a means to increase accountability and trans-
parency of governments and organizations as well to speed up scientific progress. The
scientific open data community eventually formulated the FAIR principles [8] for data
management and stewardship with the idea of reducing obstacles to data reuse.
Metadata and catalogs play a critical role in this, as they facilitate the discovery of
relevant datasets through keyword search and other criteria. Showing their closeness
to the semantic web aims, the FAIR guidelines actually value machine-actionability,
defined as “the capacity of computational systems to find, access, interoperate, and
reuse data with none or minimal human intervention!. As an example, metadata and
catalogs have been used to orchestrate ontology matching processes [9,10].

Dataset development and publication according to the practices and principles just
described require a complex workflow, which inevitably relies on different systems.
The common standards set by the semantic web may support data interchange be-
tween these systems; still, there is often a need for better interoperability and integra-
tion at the process level — as required to use them in a single, combined workflow. In
this regard, our contribution is a set of bridges between different systems that address
data editing, publication/fruition, and cataloging.

In this study, we committed to VocBench 3 [11] as the editing system, and then
exploited its extensible data loading and export facilities, as well as its support for
dataset catalogs in order to enable interoperability with other relevant tools. As a case
study, we developed concrete extensions for ShowVoc? — a new read-only companion
to VocBench 3 for data publication/fruition — and OntoPortal® — a software for data
catalogs originated from the BioPortal repository of biontologies. Thanks to our con-
tributions, these two disparate systems have been successfully integrated into a cohe-
sive ecosystem centered on VVocBench 3.

The paper is structured as follows. Section 2 discusses related work. Section 3 de-
fines our use cases. Section 4 describes our contribution in the context of VocBench 3
architecture. Section 5 describes the extensions that we developed for our case study.
Section 6 is about evaluation. Section 7 contains the conclusions.
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2 Related Work

There is a large number of editors for the semantic web addressing different concerns.

Protégé [12] is a renowned, long-standing open-source ontology editor. Extensibil-
ity is one of Protégé strong points, which contributed to its adoption as a de facto
standard development platform for ontology-related research. WebProtégé [13] is a
recent companion to the original software (now called Protégé Desktop) providing a
collaborative, web-based ontology development environment. Generic ontology de-
velopment tools may not be so effective to support dataset development conforming
to specific modeling vocabularies, say SKOS(-XL) [14,15] for thesauri or OntoLex
[16] for lexicons, requiring dedicated software [17,18,19].

PoolParty Semantic Suite [20] is a family of proprietary systems addressing data
management, data ingestion — including acquisition form textual sources — and exploi-
tation in semantic search. PoolParty features dedicated support for SKOS thesauri.
TopQuadrant Enterprise Data Governance [21] is another propriety system with a
strong focus on data governance, lineage-tracking, etc.

VocBench 3 is an open-source web-application for collaborative editing of ontolo-
gies, thesauri, lexicons, and RDF-datasets in general, complying with all relevant
semantic web standards. Multi-model editing and compliance with standards are two
tenants of VocBench 3 together with its several extensibility features (ranging from
very complex plugins to implementations of predetermined extension points).

Most editing systems support data extraction from a variety of sources and loading
the edited data onto diverse destinations. The latter includes publication of data.
PoolParty integrates UnifiedViews [22], which can source raw data from downloads,
HTTP API and PoolParty Concept Extraction, while allowing loading data onto a
SPARQL endpoint. TopQuadrant Enterprise Data Governance can export data to files
and, optionally, upload them to AWS S3 [23]. Both editors can export a dataset to a
service for content fruition, respectively, TopBraid Explorer, and the Wiki Frontend
(also supporting lightweight editing) or the Linked Data Frontend. A special use case
of data input/output is related to tabular data (e.g., CSV files, spreadsheets, etc.) for
which editing systems often have dedicated facilities [24]. As an example, VocBench
3 provides a dedicate tool, called Sheet2RDF [25], which builds upon the knowledge
acquisition platform CODA [26].

Protégé has a plugin [27] to import data from BioPortal. It enables to reference en-
tities found in ontologies hosted on BioPortal, and to import their definitions into the
dataset being edited: indeed, bioontologies often combine concepts from different
ontologies/namespaces. Similarly, PoolParty enables enriching a dataset with infor-
mation fetched from (previously connected) Linked Data sources®.

We conclude with a brief discussion of linked data publication software. Pubby® is
the progenitor of a lineage of tools that implement HTTP resolution (requested by the
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linked data paradigm) on top of a SPARQL endpoint. More recent solutions include
LodView® and Loddy’, not to mention the ones integrated into editing tools or triple
stores. Skosmos® combines traditional subject pages (i.e., the result of content nego-
tiation) for SKOS thesauri with more sophisticated visualizations (e.g., alphabetic
index over the dataset), search and multi-thesaurus management. ShowVoc extends
this approach beyond thesauri to ontologies, lexicons, and datasets in general: it fo-
cuses on content fruition and cross-dataset operations (e.g., global search), and it also
supports content negotiation.

3 Use Cases

We set the requirements for our contributions through the identification of the follow-
ing use cases. They define different interaction scenarios between VocBench 3 — cho-
sen as editing system — and dataset catalogs and content publication/fruition systems.

3.1 Pul

The first scenario concerns with the need to pull a dataset from a catalog. We can
further distinguish between i) loading data and ii) importing ontologies, depending on
whether the pulled data is being put in the editable part of the dataset or just available
as read-only.

3.2 Pull-Push

The second scenario extends the previous one with the subsequent upload of the
pulled data to another different system, using VocBench 3 as a pivot. This is probably
a less common use case, dealing with the re-publication of already existing datasets.

3.3 Push-Push

The third scenario is related to an integrated workflow for dataset development.
VocBench 3 enables collaborative editing of a dataset, which is then pushed to a sys-
tem for data publication/fruition (e.g., ShowVoc) and another system for cataloging
(e.g., an OntoPortal instance).

4 Architecture

VocBench 3 is very flexible in both exporting and loading data, thanks to extension
points that allow different destinations and data sources to be linked, respectively.

https://github.com/LodLive/LodView
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Fig. 1. Execution of the data export pipeline (UML2 sequence diagram)

Fig. 1 illustrates the export of a dataset to a i) a triple store, ii) a downloadable file,
iii) a custom destination. In fact, the export chain is introduced by an optional chain of
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Fig. 2. Simplified UML class diagram for the extension point dataset catalog connector

RDF transformers that can process the data before being exported. These transform-
ers are defined by an extension point that enables to plug diverse implementations.

Prepackaged transformers include one for simple property value update and anoth-
er utilizing SPARQL to specify the transformation. These transformers are executed
on a temporary copy of the dataset being exported, as they could perform potentially
destructive changes that should not be applied to the original dataset. The rest of the
export pipeline will use a working connection to this temporary copy; alternatively,
when no transformation is necessary, no temporary copy is created, avoiding the (un-
necessary) costs associated with that, while directly working with a (read-only) con-
nection to the dataset being exported.



Dataset Catalog

Catalog: | OntoPortal ~  OntoPortal ~ | Configure & X
Search: cancer Q
Search results:

CST - Cancer Staging Terms @ type

"This ontology consists of cancer staging terms that specify

higher-level terms that are useful in classifying cancer, ontology a

specifically breast cancer, according to the AJCC Tth and 8th

editions "*<htip-/fwwnw w3 org/200 1/ XMLSchema#string= category

CANONT - Upper-Lavel Cancer Ontology @

Experimental Conditions 1]

‘Providing an upper-level ontology for

cancer. " <ntip:/fwww.w3.0rg/200 1/ XMLSchema#string= Other [1]

CANCO - Cancer Chemoprevention Ontology @ FRinloaical Brocess a

26results 4 Tof1 »

Cancel

|

Fig. 3. Dataset catalog user interface

The export pipeline continues differently depending on the destination type. Unless
the exported data is to be downloaded, a deployer is invoked ultimately. Again, this is
an extension point, which is further specialized into repository sourced deployer (for
deploying to a triple store) and stream sourced deployer (for deploying to a stream-
oriented destination). In this context, triple store is broadly intended as any destina-
tion which can be fed with RDF data without the need for an explicit conversion be-
forehand. Beyond actual triple stores, this category includes RDF data catalogs and
RDF data publication services. In other scenarios, a reformatting exporter can be used
to explicitly serialize the (possibly transformed) data into a byte stream conforming to
some data format.

Data loading is somehow symmetric to the export mechanism described so far. Un-
less data is uploaded by the user when starting the process, a loader — another exten-
sion point — is used to pull data from a triple store (i.e., repository targeting loader) or
a stream-oriented source (i.e., stream targeting loader). Unless directly loading RDF
data from a triple store, it is necessary to use an RDF lifter — another extension point —
to convert the pulled byte stream into actual RDF data. At the end of the loading pipe-
line, a transformation chain can be used to implement data massaging.

Another requirement lifted from the use cases is the need for accessing a data cata-
log to lookup for datasets. We addressed it using the extension point dataset catalog
connector (see Fig. 2). A connector provides an operation to search for a dataset
(returning a paginated list of results) and an operation to obtain a description of a
dataset. The latter is modeled with a class that includes general metadata (e.g., titles
and descriptions) mostly targeted at humans, as well as other more machine actiona-
ble metadata, such as model (telling the difference between an OWL ontology, SKOS
thesaurus, etc.), lexicalization model (telling how lexical information is represented),



and the data dumps. These are described in turn with actionable metadata such as the
access URL (to fetch the dump) and MIME-type (telling the data format and charset).

Data catalogs are presented as another option for importing an ontology or loading
data. In fact, they just provide the ontology IRI or the data dump access URL to the
already existing machinery for ontology import — from an (alternative) URL — or data
loading — from an URL. Fig. 3 illustrates the dialog for searching a dataset on a cata-
log. The first step is to select a connector implementation (e.g., the contributed con-
nector for OntoPortal) and, if required, configure it. At this point, it is possible to
issue a query based on some search terms. The results are presented as a list, comple-
mented on the right by catalog-specific facets to refine the query. When a dataset is
chosen, its description is shown on the right.

5 Case Study: ShowVoc and OntoPortal

Our case study for the architecture discussed in Section 4 is the use of VocBench 3 to
integrate (at the process level) both ShowVoc (for data publication and fruition) and
OntoPortal (for data cataloging).

Looking at use cases in Section 3, all but the pull scenario require the ability to de-
ploy data to either system. We thus implemented a deployer for each application,
which have been considered as triple store destinations. The ShowVoc deployer
works by communicating with the backend server (Semantic Turkey [28]) of
ShowVoc, while the OntoPortal deployer uses the REST API originally developed by
BioPortal.

In the pull scenario, we need to look up a dataset in one of these applications. To
this end, we implemented a dataset catalog connector for each system.

6 Evaluation

We compiled Table 1 to ascertain that our contributions satisfy the needs associated
with the scenarios discussed in Section 3.

The response time of dataset catalog connectors and deployers is mostly deter-
mined by the performance of the backing service. This holds true, in particular, when
the extension is implemented through a single request to the backing service with a
minimal overhead. We consider uninformative any performance discussion in this
case, since there is little that can be ascribed to our implementation. In fact, the Onto-
Portal connector does not fall into such scenario, since the OntoPortal API does not
have a dedicated ontology search endpoint — while offering some for concept-lookup.

We followed the example of the OntoPortal web application, which implements a
searchable catalog in the ontologies page. In absence of a dedicated search API, the
web application first retrieves all ontologies (metadata), and all categories and groups,
which can be used to classify ontologies: the description of an ontology just refer-
ences the IRI of a group or category, thus necessitating the description of the latter to
obtain their human-friendly names. In fact, the description of an ontology does not
contain metadata used (in the user interface) as search facets (i.e., modification date,



Table 1. Requirements traceability matrix

Scenario Features

pull —i) loading data use of data catalogs in data loading, or in pre-
loading when creating a project
pull —ii) importing ontologies | use of data catalogs when importing an ontology

pull - push those in the first row, together with the use of
deployers to “triple stores”
push - push use of deployers to “triple stores”

data format), nor does it include the textual description of the ontology. These missing
attributes are, indeed, derived from the latest submission for the ontology. Conse-
quently, the web application also fetches the latest submissions for all ontologies
(through a single request). All the retrieved information is then incorporated into the
ontologies page, which implements search completely client-side (without further
requests to the backend).

Given the complexity of the implementation of the search functionality for Onto-
Portal, it is worth evaluating its performance through some experiments (see Table
2). We made these experiments against BioPortal, which is the largest installation of
OntoPortal to date. The first two rows describe the (minimum, maximum, and aver-
age) response time of a search using our dataset catalog connector with the term “can-
cer”. The difference between these two is whether we perform the additional step of
retrieving the list of all latest submissions. The third row is the time required to down-
load just the HTML of the ontologies pages (which embeds all information for doing
a search). The fourth row is the time required to retrieve all ontologies using the API
(including just the required attributes in the obtained objects).

Our measures are consistent with the fact that the third and fourth rows should be
an upper and lower bound of our connector runtime, respectively: without a search
API it is not possible to be quicker than a listing of all ontologies, and the implemen-
tation should not be slower than the ontologies page, which contains all required in-
formation. The difference between the first and second row is 1.2 seconds on average,
justifying our decision to let users decide which configuration to use.

We conclude the evaluation with a discussion of the VocBench 3 architecture,
highlighting some aspects that could require future improvements.

Dataset catalog connectors must be stateless (by design); therefore, current service
processing cannot benefit from the work done for previous requests. This is not a
problem when the actual work is done by the connected service. Conversely, the On-
toPortal connector implements the search locally, against metadata about all ontolo-
gies retrieved on the fly. In this scenario, it makes sense to enable storing this metada-
ta at least on the session, avoiding the need to repeat the costly API invocation that
would most likely return exactly the same results in the short term. The problem with
caching as obvious is the strategy to evict the cache, in order to guarantee the fresh-
ness of the result.

As discussed about the VocBench 3 architecture, dataset catalog connectors are
loosely coupled to the data loading and ontology import machinery as a mere provider
of the data access URL. However, this could be problematic when the location of a
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Table 2. Response time evaluation related to the OntoPortal connector (using 50 repetitions)

Min (s) Max (s) Avg (s)
OntoPortal Dataset Catalog connector | 2.306785 3.182033 2.425709
w/o submissions
OntoPortal Dataset Catalog connector | 3.364919 8.696316 | 3.59604518
w/ submissions
BioPortal “ontologies” page 3.365554 5.761266 3.752337
BioPortal API ontologies collection 1.232167 2.841468 1.557863

resource is not sufficient. For example, when accessing a protected resource, we need
to authorize the data access. For OntoPortal, we addressed this use case, by embed-
ding the API key as a query parameter — a controversial practice, which is also used in
some parts of the OntoPortal web application. A possible solution is to let the data
loading and ontology import machinery to directly invoke the dataset catalog con-
nector when downloading the data, in order to delegate to it authentication concerns.

7 Conclusions

Dataset development for the semantic web unavoidably requires the use of different
tools, which have to be integrated into a unified workflow at the process level. As-
signing a pivotal role to the editing environment, we committed to the use of
VocBench 3 and identified some use cases concerning its interaction with dataset
catalogs and fruition/publication systems. We considered an actual case study using
OntoPortal and ShowVoc as concrete examples of these two categories of systems.
We addressed the defined use cases through extensions to VocBench 3 related to data
load and export processes, and the support for dataset catalogs. The evaluation of our
contributions then allowed us to identify possible future improvements to the
VocBench 3 architecture.
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