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Increasing Volume of Data — not only on the human-readable web

open search foundation Q

Web  Bilder Meuigkeiten Videos Karten  Mehr Filter  Einstellungen

Zeige Ergebnisse fir

OpenStreetMap
OpenStreetMap ist ein freies Projekt, das frei nutzbare Geodaten...

https-/fopensearchfi

Die Open Search Foun
gemeinsam die Grundlage
Internet schaffen. In Kooperat
uns ein fiir eine Websuche, die

von Menschen und Organisationen, die
selbstbestimmten Zugang zu Informationen im
en, Rechenzentren und weiteren Partnern setzen wir
Férderung der Forschung -

MNews Impressum

MNewsletter Events

Open Search Foundation - SUMA-EV
https-/fsuma-ev.de/open-search-foundation

Unsere Schwesterorganisation Open Search Foundation ist eine Bewegung von Org
die sich fiir eine Férderung von echten Altemnativen einsetzt. Echte Alternative bedel - Die Erstellung eines
eigenen, von Google unabhangigen Such-Indexes. Dieser Aufbau braucht finanzielle| ssourcen,
Grundlagenforschung sowie ein politisches Fundament und wird mit diesen Erforderni

sationen und Menschen,

Open Search Foundation revolutioniert die Suchmaschinen ...
https://digitalagentur-niedersachsen.de/open-search-foundation-revolutioniert. ..
Open Search Foundation revolutioniert die Suchmaschinen-Landschaft. 10. Juli 2020. Noch nie waren

Web-Data
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Web Search - ,, The classical Approach”

Local Copy
of WWW

cf. (Risvik et al. 2003)
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Web Search — , The classical Approach” vs. Heterogeneous Data

Is keyword search

How to index raw data effective?

dumps for searching? Ranking without
,PageRank"?

/ .

— Search "~ Interface

— Crawler — Indexer .
Algorithm
S
Local Copy
of WWW
How to present non-

. - 2
Does it make sense to human-readable data”

copy a 20TB weather
forecast database?

Information is NOT
standardized, centrally
stored or easily accessible

(as via HTTP(S)) How to deal with
different formats? cf. (Risvik et al. 2003)
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Contribution and Methodology

« Searching in heterogeneous and decentrally organised Literature Search Term:

data has already been discussed in several scientific (indexing OR search) AND (heterogeneous

publications. data OR data architecture OR unstructured
 Very limited effort to review the literature for the full data OR decentral)

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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Literature Selection Process

# of results

Initial Search Term

\ 4

Criteria for Selection:
The publications...
(1) ... are related to search in data.

Selection by Title

(2) ... deal with heterogeneous data or

\ 4

Selection by Abstract (3) ... present an architecture.

\ 4

Selection by Full Content

—' decentral organization of data
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Literature Review: First Findings

e Presented architectures deal with
structured, semi-structured and
unstructured data, that typically comes  Search Service
from a variety of differentand .~~~ 7 Search Algorithm and Interface >~
decentrally organised data sources. |

» Most often, a technology abstraction Indexing Strategies ,
layer is deployed to enable unified N N

access to the data.
Connector
o ° °

Abstraction of Connector

 No Crawlers! -> Connectors Technologies
« High Variance in proposed indexing T Y T ey e
. . ~
methods: Not only keyword indices. .. Data Sources = — ‘ ]
« Search Algorithms depend on the index — SUZ oo o) o
strategy < Decentralization >

e Presentation and visualization of search
results is not discussed frequently
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Heterc)geneous Data Sources - - - S
B Product [~ | or1 K Qtr 2 B Grand Tot§g
2 |Chocolade $744 60 $162.56 $907.16
3 |Gummibarchen $5,079.60 $1,249.20 36,328.80
: : : 4 |Scottish Longbreads $1.267.50 $1.062.50 $2.330.00
* Wlde yarlety Of formats and Iﬂ’[el’faces o 5 |5ir Rodney's Scones $1.418.00 3756.00 $2,174.00
 Differs in: Content, Structure, Accessibility 6 |Tarte au sucre $472800  §454792  §927592
7 |Chocolate Biscuits %943 89 334980 $129349
8 |Total $14.181.59 3812778 §22.309.37

« 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 (=2 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

L

— Connectors help to access data.

[ Connector J
« 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 Index
integration work
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Indexing Strategies I: Graph-based Indexing

Discovered

* Graph-based indexing strategies represent knowledge about the o (i ST
heterogeneous data sources in graphs. (Lineitems, Comments) | B

» Graphs typically represent entities or attributes in the data, while
edges are data-specific relations. VTR e ol

» Typically the Resource Description Framework (RDF) is used to g LI_owner
encode information T e

« Search queries can be formulated based on the entities in the Mkﬁﬁm
Graph: ,,Who is the author of document X?” m‘;’ : |

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

Instance Graph (;‘.l
used.

» Another possibility is to utilize graph-representations them for
semantic correlations and similarity between search keywords.
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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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Document 1
|
The bright blue {
butterfly hangs | Inverted index
on the breeze. Stopword list
\ 1D Term Document
— I N 2
:nd 2 blue 1,8
Srsimen £ around 3 bright 1,3
\\ g’e‘V 4 butterfly 1
r
It's bestto from 5 breeze 1
forget the great! in 6 forget 2
sky and to is
retire from ‘ —i — |7 great 2
every wind. } not 8 hangs 1
| 2 CH T
Document 3 the 10 retire 2
‘°n VA 1 search 3
u
12 sky 2,3
Under biog E_FZD 13 wind 2
sky, in bright
sunlight, one |
need not 1
search around. 1

http://myluceneunderstanding.blogspot.com/2015
/08/indexing-concept-to-enable-faster.html
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ndexing Strategies lll: 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.

2 » Each scalar element x; of the vector
_ represents one possible search term
X= 1.  To calculate the value for a specific
_ dataset, the frequency of this term in
L the dataset is counted.

OFFIS | Verkehr ‘#7
DLR

#ossym e October 12, 2021

1 Query

Zwia)

Applying Applying
Vector Moderated Idf
Space cosine

Indexing ranked
of Data documents

which
matches
Response to the Query the query

(Pathak et al. 2017)
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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 Query Translation

* |dea: 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. Mt
« Sometimes also used for standardization. AN @

* No actual ,,data indexing”.

[ Search Interface }

A 4

Data Source
Selection & Mapping
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There is more...
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query i user history events P

\ A i1 icollect
PredictionServer Lo
YVY

all events properties

predict train [«
A T~

User InterFace

query
templates
Processing

/

Business Logic

Data Access
Lyer Based
on LINQ

xecution

(Song et al. 2013)

Data Wrapper based on linq ‘

;

A

objects  relational
data

Heterogeneous
Data Layer

Ly

XML other
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(Wang et al. 2012)

(Vo et al. 2018)
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Search Algorithms and Ranking

How to PageRank without URL-Linkage ?

It depends... Number of
References to @
@ a dataset
Geographical
distances in
spatial
datasets

Structural
properties in
graphs

User-
preferences

Sematic
Matching

@ Popularity
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Visualization

£
Dashboard
4

Search~  Plan~

v Search on Semedico

Semedico search results Groundwater, concentration of, nitrate,

Collect~ frkl+  Help~

~Search Data Portal
D Title Owner Description
I Soil_Physioche... Soil_Physioche...
49 Groundwater chemistry_BI... Groundwater chemistry_BI...
38 qPCR data_groundwater gPCR data_groundwater
a7
42 RA3 DataSet RA3 DataSet
79 Fungi_454 DNA... Fungi_454_DNA...

Displaying items 1 -

o

o

(@)
(@)
(@)
@]
o
0

60of6

(Klan et al. 2017)
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| - ... systems for big data
l' 1D Name abandoned database :
f v franklin@cs.berkeley.edu 1D title \ | management sysiem
i « wranklin@cs berk iy | ] \ 1| (DBMS) .. :

- ~ P

W\ 68/a2/ 465 Soda Hall #1776  Code  Title ™ ‘o N 1
= Berkeley, CA 94720 [ AN N 1 RTP: robust tenant ... cluster of in-memory

V' Michael J. Franklin CSE 186 Introduction \ I The Beckman report placement for elasticy I'[ database depending on

N e e e e e e e o - to Database I on database research in-memory database I | tenants’ behavior ...
————— === System  / N = = = = = . Clusters s\ _

- - -

ERP from semi-structured data source

=1 ERP from unstructured data source
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(a) text only (b) image only |
English : tree
- I
An avenue of trees in Alexandra Park, London Doc Nt 1

Alexandra Park , the landscaped grounds of [...]

Coconut Coconut Palm on Martinique . PD-release
Original copyright release [...]

Doc N 3
ifd air rools in the Amazon rainforest Tree roots
captured on a small river in Salina [...] Licensing CopyrightedFreeUse

Dac N 4.
Description o —
Image:Instrumental_Temperature_Record.png [t v
thumb 230px Expansion of th [...] Hia s

Duc N 3 Silver fir on Orjen Copyright (c) 2002 Pavle
Description Cikovac. Permission is granted to copy, dis [...] §
Image: 1000_Year_Temperature_Comparison.png
thumb 250px Expansion of t [...] wef

Doc N 6 :

i Folo of second place Ohio champion white oak
tree, foto by John Knouse ( userzjaknouse ) [...1

Arms of Penrith Rural District Council. From
hutp://www.civicheraldry.co.uk civicheral [...]

Brooklyn Botanic Garden , Japanese Garden. PD-solf
Yuki-yoki. 1922. Japanese Hill-and-Pond Gar [...]
(c) reformulated text (french — english) (d) text + image
Francais : arbre
- B it
An avonue of treos in Aloxandra Park, London Do Nt 1
Alexandra Park , the landscaped grounds of [...] Foto of second place Ohio champion white cak tree,
foto by John Knouse ( user:jaknouse ) [...]
Dae N 2 ‘Doc N1 2
Picture is of Cherry Troe taken along Cush Cushion
Croek and the flood control loves, Visible i [...]
Coconut Coconut Palm on Martiniquo . PD-release

Orlginal copyright reloase [...]

ifd air rools in the Amazon rainforest Tree roots
captured on a small river in Salina [...]

Doc N S
Dae N .

Description .

Image:Instrumental_lemperature_Record.png * Magn, HJ Brooklyn Botanic Garden , Japanese Garden.

thumb 250px Expansion of th [...]

Dac N1 3
Plorzhelm: Memarial of the timber floating

profession in medieval Plorzheim, located on Auer 1
Brl...] :

Dac N1 8
Description
Image: 1000_Year_Temporature_Comparison.png
thumb 250px Expansion of t ..}

An old tree in Lawrence Garden Picture taken by F
User:Pale blue dot Pale blue dot on ] [...] m

Doc Nt 4
Summary "Under the Apple Trea" in 1908, Canobie &
Lake Park, Salem, NH; from an old postcard. [...]

Yuki-yoki. 1922. Japanese Hill-and-Pond Gar [...]

An avenue of trees in Alexandra Park, London
Aloxandra Park , the landscapod grounds of [...]
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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.

« QOrganizational, legal or financial aspects are still to be
discussed.
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Any guestions?
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