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Increasing Volume of Data – not only on the human-readable web
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Web-Data Other heterogeneous Data?
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Web Search – „The classical Approach“
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cf. (Risvik et al. 2003)
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Web Search – „The classical Approach“ vs. Heterogeneous Data
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WWW Crawler Indexer
Search 

Algorithm
Interface

Local Copy 
of WWW

cf. (Risvik et al. 2003)

Information is NOT 

standardized, centrally

stored or easily accessible

(as via HTTP(S))

Does it make sense to

copy a 20TB weather

forecast database? 

How to deal with

different formats?

How to index raw data

dumps for searching?

How to present non-

human-readable data?

Is keyword search

effective?

Ranking without

„PageRank“?
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Contribution and Methodology

• Searching in heterogeneous and decentrally organised

data has already been discussed in several scientific 
publications.

• Very limited effort to review the literature for the full 

process

• Only specific reviews: e.g., review for search querying 

methodology in data spaces  (Wang 2016) .

• Integrative Literature Review
• Elsevier Scopus

• Google Scholar

• Limited to 160 publications ranked most relevant per 

search engine.

→ Provide an overview of methodologies for search on 
heterogeneous and decentralized data.
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(indexing OR search) AND (heterogeneous 

data OR data architecture OR unstructured 

data OR decentral)
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Literature Selection Process
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Initial Search Term

Selection by Title

Selection by Abstract

Selection by Full Content

320

113

63

33

# of results

Criteria for Selection:
The publications…

(1) … are related to search in data.

(2) … deal with heterogeneous data or

decentral organization of data

(3) … present an architecture.
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Literature Review: First Findings

• Presented architectures deal with
structured, semi-structured and 
unstructured data, that typically comes
from a variety of different and 
decentrally organised data sources.

• Most often, a technology abstraction
layer is deployed to enable unified
access to the data.

• No Crawlers! -> Connectors

• High Variance in proposed indexing
methods: Not only keyword indices…

• Search Algorithms depend on the index
strategy

• Presentation and visualization of search
results is not discussed frequently
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Data Sources

Abstraction of 

Technologies

Indexing Strategies

Search Service

Connector Connector Connector Connector

Search Algorithm and Interface

Decentralization

…

…

…

Source 1 Source 2 Source (n-1) Source n
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Heterogeneous Data Sources
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• Wide variety of formats and interfaces
• Differs in: Content, Structure, Accessibility

• Decentralization is a problem, when accessing different 
distributed data sources for searching.

• Most of the reviewed architectures can deal with arbitrary
types of data, others focus on specific types of data, e.g.

• Multimedia data (Delezoide 2010), (Song 2013)

• Textual data (→ keyword search) (Pathak 2017), (Sun 
2019)

• Data available on the web (Delbru 2012)
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Abstraction of Technologies

• Again: Decentralization leads to differences in data formats and 

technologies.

• But: Indexing strategies need to know in which representation they

will find individual data

 Connectors help to access data.

• Two Types of Connectors:

(1) Translate search requests to native technology

(2) Extract the data itself (or parts of the data) for indexing strategies
that are later exclusively used for searching.

• Trade-off between specialization and data integration effort: 
Approaches that deal with arbitrary data sources need more manual

integration work
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Connector 

Index
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Indexing Strategies I: Graph-based Indexing

• Graph-based indexing strategies represent knowledge about the

heterogeneous data sources in graphs.

• Graphs typically represent entities or attributes in the data, while

edges are data-specific relations.

• Typically the Resource Description Framework (RDF) is used to 

encode information

• Search queries can be formulated based on the entities in the

Graph: „Who is the author of document X?“

• Structured graph querying languages (e.g. SPARQL) may also be
used.

• Another possibility is to utilize graph-representations them for 

semantic correlations and similarity between search keywords.
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(Hwang et al. 2007)
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Indexing Strategies II: Inverted List Index

• Most common indexing strategy: Inverted List Index

• Also typically used for web-search.

• Inverted list indices consist of a mapping of possible 

search keywords to lists of datasets that are related to 

these keywords.

• These keywords are often extracted from text-data in 

datasets or metadata (if available)

• In the scenario of decentrally organized data sources, 

inverted list indices may be federated.

• High availability of open-source solutions for a variety
of data types, e.g. Apache Lucene
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http://myluceneunderstanding.blogspot.com/2015
/08/indexing-concept-to-enable-faster.html
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Indexing Strategies III: Vector space indexing

• Based on an algebraic model to assess the relevance of 

possible search results in relation to the search query.

• Indexing datasets by representing them as vectors in a vector

space.

• A search query is then also transformed to a vector

representation and a similarity measure (distance in the vector

space) is then applied to finde the closest dataset

representations.
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(Lu et al. 2012)

(Pathak et al. 2017)

x =

• Each scalar element 𝑥𝑖 of the vector
represents one possible search term

• To calculate the value for a specific

dataset, the frequency of this term in 
the dataset is counted. 
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Indexing Strategies IV: Ontology-based Indexing

• Ontologies are typically used to represent semantic

knowledge in a formal way.

• For searching, ontologies can be used to map general user

queries to more specific ones, that can be answered by a 

specific data source

• Idea: Utilize semantic knowledge about parts of the user

query and the data sources to find similarities.

• Then, translating the user query to the native datasource

technologies.

• Ontologies can also be used to provide structured query

interfaces for multiple data sources.

• Sometimes also used for standardization.

• No actual „data indexing“.

• Searching on Heterogenous and Decentralized Data: A Short Review • Julius Möller #ossym • October 12, 2021
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There is more…
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(Song et al. 2013)

(Vo et al. 2018)

(Wang et al. 2012)
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Search Algorithms and Ranking

How to PageRank without URL-Linkage ?

It depends…
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Popularity

User-
preferences

Structural
properties in 

graphs

Geographical
distances in 

spatial
datasets

Number of 
References to 

a dataset

Sematic
Matching

… still a challenge in research.
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Visualization
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(Lin et al. 2017)

(Klan et al. 2017)

(Delezoid et al. 2010)
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Conclusion

• Heterogeneous data sources are decentrally organized
and do not comply with any global standards.

• OpenSearch approaches must be able to handle these 
challenges to include specialized data sources.

• There may not be a single index for all available data
sources: duplication and partitioning and using
different indexing strategies may be options.

• Some strategies may be problematic: Outsourcing
query execution to the data sources itself may lead to 
higher loads on single data sources.

• Organizational, legal or financial aspects are still to be
discussed.
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Thank you!

Any questions?


