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Tabular data is semi-structured data, widely used for many aspects of human life such
as reports, notes, books, media, software, and many other places. It is an effective and
efficient way to store and represent data for human consumption since its compact
representation reflects the logical relation between columns, rows, and cells. In the era
of computers and the Internet, tabular data is the most popular structure for relational
databases, Web tables, spreadsheets, and Open Data.

Nowadays, with the vision of Open Data, a large number of tabular data have been
published on the Web and Open Data Portals. Such tabular data contains valuable
information and could be potentially useful in various fields, such as health, food
security, climate change, resource management, smart cities and so on. Additionally,
our society has become data-driven, where more and more data expected to grow in the
near future from large volume, variety, and velocity. As a result, it is promising for
establishing transparency, improving the quality of human life, and inspiring business
opportunities.

Although these tabular data offer huge potential, these data are difficult to use due to
fragmentation, heterogeneous schema, missing or incomplete metadata. Therefore, the
usability of tabular data is an open question and should be exploited. There are several
works have been made on improving the usability of tabular data such as establishing
standard policies for data providers or performing automatic reconstruct semantic
meaning for tabular data. The first solution on standard policies takes a lot of time, and
effort and difficult to scale, while the second solution is more promising to automation,
and scale-up.

This thesis focuses on the automatic reconstruct semantic meaning for tabular data.
The methodology is to assign the elements of tabular data into semantic concepts in
knowledge bases. As a result, the meaning of tabular data could be interpreted or
inferred by knowledge base concepts, therefore, it is easy to use in other downstream
applications.

In this thesis, we firstly review the table data annotation for data interoperability
including matching tasks, challenges, possible applications. Additionally, we identify
potential limitations of tabular data annotation: 1) common text-based approaches are
less effective in annotating numerical attributes; 2) entity lookup on one search engine
is imperfect on the general and multi-language text. Then, we introduce the novel



solutions to address these limitations of tabular data annotation. We introduce
Distribution-based Similarities (DBS), and a deep similarity metric (EmbNum+) for
numerical attribute annotation to address the first limitations, and MTab is a general
framework for tabular data annotation which addresses the limitations 1 and 2.

The following describes the details of these methods.

First, we present a lightweight solution on semantic annotation called DBS for
numerical attributes. Existing approaches rely on the p value of a statistical hypothesis
test as a metric to estimate the similarity between numerical attributes, and then assign
unknown attribute by the labeled attributes. However, the p value-based metrics
strongly depend on the assumptions about the distribution and data domain. In other
words, they are unstable for general cases, when such knowledge is undefined. We
present effective metrics called Distribution-based Similarities (DBS) to address the
limitations of p value-based metrics.

Second, we present an effective and efficient method called EmbNum+ which is an
end-to-end system to learn a similarity metric directly from numerical attributes.
EmbNum+ was inspired by deep metric learning approaches with which both
representations and a similarity metric are learned without making any assumption
regarding data; hence, enabling EmbNum+ to be more generalized with a variety of data
types and distributions. Evaluations on many datasets of various domains show that
EmbNum+ consistently outperformed other approaches in terms of effectiveness and
efficiency.

Third, we present a general framework for tabular annotation called MTab. MTab
combines the voting algorithm and the probability models to tackle bottleneck problems
of tabular data annotation. Additionally, we also adopt more signals from table elements
and introduce a novel scoring function to estimate the uncertainly from ranking. This
system got the first prize for entity annotations (CEA), type annotations (CTA), and
relation annotations (CPA) at the Semantic Web Challenge on Tabular Data to
Knowledge Graph Matching, the 18th International Semantic Web Conference 2019,

Overall, the objective of this thesis is to improve semantic annotations for tabular
data (MTab), in particular, the treatment of numerical attributes is the main focus (DBS,
and EmbNum+).



Fo((ls :j':é;eélr.“ﬁu;fﬁc)“

Results of the doctoxal thesis screening

HEmXFEEER

Name in_Ful

% %" NGUYEN Tri Phuc

#%¥%EE  Semantic Tabular Data Annotation with Knowledge Bases for Data
Interoperability

HMEZXT - HEERAKEZM LT3 2L LT, BEXF—FICEB®RHART
T—varviEfTO7 ) AAORBEEFNEZRAVWE VAT ABEILBET A3 EET-T
W2, Web EDF— 204 —F v F— 3R VERMEBLRERROFT IR HN. BT
HOIBPWIZBEREPRE L Vo T —F L LTOBEARELY, ARXTRINLI>REE
AROTF— 2R THERAEEZNBEN— AT ET ) F—vavictoTRBATS - L
DHETHE, FRXTCHFERET — P oRIRCBITIEERRAELPLBEL LT
MEEZED TN D,

1l ETHHEOERLBELHOLMICL, 2 ETRERATFT—FOLBICoWTEE®
DT LEAEREDY — XA 2T oTND, Web LORERFT — 213 Web OitES T
DERRA— T F— Y ORBI Lo THMLT B —F, ZOHEENHIT QAL
W, ZITETRERAT —FOABRRBIIEEZHAI L, KEHEMNEL THEE
EID G, MBIRZRIA S, ~oF F—F0O8L 7, F—RBHERFORERS T h.
BEWCR= T 474, 47, BEOEKBENESEID, FHRXTIE, Z05b, F
THET AT 2BHEOBERFAECSPVWTRVER, FObL oKEOBES KR
E2EDERNARRELEBEIRIBATHS,

S ETHETRELEET —FHOBELUMEZE I EZETEINICOVTOEREITV., BIE
EEOFH~DOERIZLZBELUEOEBKE VI FEZREL WS, 20K E2REFOT
AVRF =SBy b A =TT EINLERLETA N —FEy FCRIEL, BED
Wz LRSHEREZHTIELER LE, BB, #FDF—ZEy FMIHEZERARIXO-
DRESESEDT, -y REQEFOA—T T -89 NebhBEF—F 16 Es
EFRARAF— Sy FT. iRV a=— s BRF—F ks FTh B,

4 BCRBERET —FOBELH2EBEE 7LV XL EZWMY AREFETHEL,
BWRART /77— a3 v 4R T35 B0 FHEEnDNum)ZEEL. BEEFELVER
TeHEREZHLTVWD, 3 EOF BRI 2ELUMORBZERBEEICBIIA2REET 25
RT3 ETCRBERSHAHOT —Z TRHAFTRICLTWS, 2 CREELEAT -7 08
% f£\> Inverse Transform Sampling K X Y HMHEF AWM S ¥ B - L CIEEEE LTS
BAARIELTWS, £, BEEZEEZEATILT, F—FORA—ZAEMLL AR
BERT ) T—YarEMADI L2 TRoTNE, ZOHKE, BN I FT— 7 8% E
ENTVWERGFONIHEBEDOT A MTF =2y T TR, €8T —FNEEThL TS
RBAWBRT -8y bR/ A RABENETF—EhbERLEF—F o F—F « F R FF—
Fty FCHLEEFHEEZ LEISZREZHLTWS,



S ETRMECT AT ALE & LTXFRBRECRERT — 2 HH S5 7~
DT/ T—=arTHVATLERBLTNVS, ZOVATAZ2ETHRAL-E%RRES
L2ELLTHFR—-PFLTBY, ROBEAFOT ) F—ay (LAHEAFINLDOL I vy
A7 CRLEPOEERE) . =T AT 407 ) F—Yary (BUNOF—2OERMERL
RLTWEME W) FEME), RAFIMOBREOT /7 —va vy (ROEBFIRMO B
ERLTRLTWAILOREME) ® 3 2OREMBEEMAL Z LN TE 5, [ISWC2019(18th
International Semantic Web Conference)® 5% @ Semantic Challenge ®#RE L L T,

(RBTF—F0F Ly PSS T 7~D<yF 7 ( Semantic Web Challenge on Tabular
Data to Knowledge Graph Matching)] BB EIh, LED 3 20OEEMENBREL -
. HEEFE DY AT A, TRCOBEOTRTOITOV VR (12O VF X L) T8
WT, E1fEThot,

6ETELDERBRHRSRTWVS,

BEDXS KHBAEOELIRIIE, EEXTF—Y0BKRECELTH -2 ED 2 0E
FEEERLIODRZHRIALTEY, YUHIFLBI 2T EORBIERT 2D LR
oD, B, ARXOAZTRX 1LFOERMERL., 1 FOEHFNZEESHSB L L
TARKENTEY, PHIBITIFMbAR IR TS,

BEDE)REWHRREZREMICHET LT, ABRXEM LN E 23 +on Akl
KELTWD L, FEZE2E—BTROLLRE, ‘



	PDFMerge14638_NGUYEN Tri Phuc
	2-9-1【情報】NGUYEN
	2-9-1【情報】NGUYEN




