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ETL/EAI Schema Transformations

Problem:

e XML often used as external and internal data
representation (BaseX, Oracle DB, MongoDB, etc.)
e Different schemas (message types) — requires

mapping

XSLT Overview @

e XSLT processor transforms input XML document i _» out
X
according to XML stylesheet to output XML Processor
documents

e Subtree specifications via XPath, loops, branches
built-in functions for text processing, etc
e CSV and JSON input/output possible
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ETL/EAI Schema Transformations

<?xml version="1.0" encoding="UTF-8"?>

<xsl:stylesheet version="2.0“ xmlns:xsl="http://www.w3.0rg/1999/XSL/Transform">
<xsl:template match="/">

<xsl:element name=“suppliers">
<xsl:for-each select="/resultsets/resultset[@Tablename="'Supplier']/row">
<xsl:element name=“supplier">
<xsl:attribute name=“ID"><xsl:value-of select="Suppkey"/></xsl:attribute>
<xsl:element name="Name"><xsl:value-of select="SuppName"/></xsl:element>

<xsl:element name="Address"><xsl:value-of select="SuppAddress"/></xsl:element>
</xsl:element>

</xsl:for-each>
</xsl:element>
</xsl:template>
</xsl:stylesheet>

<resultssets>
<resultset Tablename=“Supplier”> <suppliers>
<row> » <supplier ID=7>
<Suppkey>7</Suppkey> <Name>MB</Name>
<SuppName >MB</Suppname > <Address>1035 Coleman Rd</Address>
<SuppAddress>1035 Coleman Rd</SuppAddress> </supplier>
</row> <supplier> .. </supplier>
<row> .. </row> <suppliers>
</resultset>
</resultsets> * [Rudolf Munz: Datenmanagement fiir SAP Applikationen, BTW, 2007:

67,000 tables, 700,000 columns, 10,000 views, 13,000 indexes]
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Recap: ETL/EAI Schema Transformations

<?xml version="1.0" encoding="UTF-8"?>

<xsl:stylesheet version="2.0“ xmlns:xsl="http://www.w3.0rg/1999/XSL/Transform">
<xsl:template match="/">

<xsl:element name=“suppliers">
<xsl:for-each select="/resultsets/resultset[@Tablename="'Supplier']/row">
<xsl:element name=“supplier">
<xsl:attribute name=“ID"><xsl:value-of select="Suppkey"/></xsl:attribute>
<xsl:element name="Name"><xsl:value-of select="SuppName"/></xsl:element>

<xsl:element name="Address"><xsl:value-of select="SuppAddress"/></xsl:element>
</xsl:element>

</xsl:for-each>
</xsl:element>
</xsl:template>

Are you kidding me? | have 100s of

</xsl:stylesheet> systems/apps and 1000s* of tables/attributes
<resultssets>
<resultset Tablename=“Supplier”> <suppliers>
<row> ‘ <supplier ID=%7”>
<Suppkey>7</Suppkey> <Name>MB</Name>
<SuppName >MB</Suppname > <Address>1035 Coleman Rd</Address>
<SuppAddress>1035 Coleman Rd</SuppAddress> </supplier>
</row> <supplier> .. </supplier>
<row> .. </row> <suppliers>
</resultset>
</resultsets> * [Rudolf Munz: Datenmanagement fiir SAP Applikationen, BTW, 2007:

67,000 tables, 700,000 columns, 10,000 views, 13,000 indexes]



Well, | don’t even
have a schema

Motivation and Terminology
Schema Matching and Mapping

= Schema Matching

O Given: two or more relational/hierarchical schemas (and data)

O Find schema mappings in terms of logical attribute correspondences
= Schema Mapping

O Given: logical attribute correspondences between schemas

O Compile physical schema mapping programs (SQL, XSLT, XQuery, etc)

Schema Schema Schema

Detection Matching Mapping

N0~

T
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INSERT INTO Orders
SELECT BELNR,
SUMME, DATUM
FROM Bestellungen



Motivation and Terminology

Schema Mapping vs. Schema Integration

= Schema Integration

N0~

T

O Use case: DWH schema (lecture 02), virtual/federated DBMS (lecture 03)

O Schema integration: map existing schemas into consolidated schema

TU
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O Schema mapping orthogonal (independent but related), both deal with semantic and structural

heterogeneity

Schema
Mapping

Integrated Schema

R

Schema 1

BB pn

DWH

Institute of
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Recap: Types of Heterogeneity TU
— Scope

Semantic Structural
Heterogeneity Heterogeneity
Attribut e  Same Attribute in different structure
rnou e_ Missing Data e  Attribute name does not define
Heterogeneity semantics

e  Nulls (Missing Values)
e Virtual Columns
e  Semantic Incompatibility
e  Synonyms / Homonyms: (Instructor vs lecturer) (Concept does not exist)
e Simple Mapping: (mat 12hr vs 12 hs)
e Language Expressions: (Database vs Datenbank)

KHCC
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Schema Detection

INSERT INTO Orders
Schema Schema Schema SELECT BELNR,

Detection Matching Mapping FROM Bertellungen




Schema Detection

Atomic Data Type Detection

= Overview
O Given CSV, JSON, XML files, detect data types of attributes
o Basic extraction rules, regular expressions over data sample

= Example: Schema Inference

O Infer schema for dataframe/dataset
columns from sample

O Basic types: Decimal, Boolean,
Double, Integer, Long, String

ttttttttttt
NNNNNNNNNNNNNNNNNNNNNN

import re

#Check if the string contains "i5"

txt = "DILA 15" #example data
X = re.search("i5", txt)

if X:
print("MATCH")
print (x)

else:
print("NO MATCH")

TU

Grazm
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Atomic Data Type Detection

= Overview
O Problem: Given CSV, JSON, XML files, detect data types of attributes

O Approach: Basic extraction rules, regular expressions over data sample

= Example: Schema Inference Spqﬁ(\z
O Infer schema for dataframe/dataset /data/players.csv:
columns from sample pid,name,pos,jnum,ncid, tid

4614,Franco Mastuantuono,FW,30,1313,258
5435, Lamine Yamal,FW,10,789,144
6909,Marcel Sabitzer,FW, 20,163,308

\ 4

StructType( Dataset<Row> ds = sc.read()
StructField(pid, IntegerType,true), .format("csv"

StructField(name, StringType,true), option("header"”, true)
® J

O Basic types: Decimal, Boolean,
Double, Integer, Long, String

StructField(pos,StringType,true), . " "
StructField(jnum,IntegerType,true), « ’ opt%on(nlm‘:er‘schema o "tr‘ue)
StructField(ncid, IntegerType,true), .option("samplingRatio", ©.001)

StructField(tid,IntegerType,true)) .load("./data/players.csv");
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Structure Extraction from Nested Documents

= Structure Extraction Overview

O Problem: JSON/JSONL, XML documents with optional attributes, subtrees
O Approach: Scan data, build maximum tree w/ attached metadata

O Meta data := counts or appearances (e.g., document/line IDs)

= Example JSON Schema Extraction [Meike Klettke, Uta Storl, Stefanie

Scherzinger: Schema Extraction and
Structural Outlier Detection for
(appearances, data types, etc) JSON-based NoSQL Data Stores. BTW

2015
O Reduced Structure ]
Identification Graph

O Structure Identification Graph

blogpost

Institute of
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Good to have now! -I(:raL!l
Similarity Measures: How to detect similar attributes

Metrics that compare how similar the structures are between different
documents.

Jaccard Similarity: focuses on set overlap. It is only concerned with
how many property names two documents have in common, relative to
the total number of unique properties that exist between them.

|AN B

Jaccard(A4, B) = AU B

Name Age

Luciano 14

e A and B are the sets of attributes of two documents.
e A close to 1 means --» structures are similar.
e A close to 0 indicates --» structures are different. Maria Drawing

Name Hobby

S HCC J(AB)=1/3=0,33
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Similarity Measures: How to detect similar attributes

Metrics that compare how similar the structures are between different documents.

Levenshtein Similarity: compare the similarity of the names of the attributes. It
measures how many minimal operations (insertions, deletions, or character
substitutions) are required to convert one string into another.

distance

similarity = 1 — max(len(a), len(b))

e Smaller distance --» more similar

e Larger distance --» less similar (more edits)
e (0 --» strings are identical

> Customer Name
JK _
-H HCC S(AB)=1-8/13=0,385 Mike Wilson XXXXX
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Semantic Data Type Detection

[Dan Zhang et al:
Sato: Contextual Semantic Type

Detection in Tables. PVLDB 2020]
= Problem

O Detect semantic types of columns with context

O Use cases: improved data cleaning, schema matching via semantic types

= SATO: LDA + DNN-based Type Detection
O LDA model to estimate a table’s intent (global context)
O Co-occurrence of columns (local context)

O Sherlock for single column type prediction

Sing|e- .................................
column :
models location?
A D ocity? D > [ D K D [
birthplace? name birthdate occupation birthplace : city country  population
: ?72? ?7? ?27? A 77? ?77? ??7? ?7?
Florence Florence Nightingale 1820-05-12 Nurse Florence Florence Italy 380,948
: Warsaw Marie Curie 1867-11-07  Chemist Warsaw Warsaw Poland 1,777,972
jﬁf H C C| London Alan Turing 1912-06-23 Comp Scientist London . London UK 8,825,000
; nstiuteof Braunschweig Johann Gauss 1777-04-30 Mathematician ~ Braunschweig Braunschweig Germany 248,023

Table A: Influential people in history Table B: Cities in Europe



Schema Detection

Schema Enforcement and Evolution

= Schema Enforcement
O Given schema of syntactic and semantic types
O #1 Raise errors on invalid data ingestion (ACID consistency and atomicity)

O #2 Leverage schema constraints for automatic data cleaning

jof C C
Institute of
HUMAN-CENTRED COMPUTING

TU

Grazm



Schema Detection

Schema Enforcement and Evolution

= Schema Evolution

O Incremental modification of schema

O Handle changes of source data (additional columns, different data types)

O Copy (a new table) vs. in-place (original table) modifications (e.g., data type int --» string)

O Example: Delta Lake

Institute of
HUMAN-CENTRED COMPUTING

[Andreas Neumann, Denny Lee: Enforcing
and Evolving the Schema — Diving into Delta
Lake Series,
https://www.databricks.com/blog/2019/09/2

4/diving-into-delta-lake-schema-enforcement

-evolution.html , 2019]
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https://www.databricks.com/blog/2019/09/24/diving-into-delta-lake-schema-enforcement-evolution.html
https://www.databricks.com/blog/2019/09/24/diving-into-delta-lake-schema-enforcement-evolution.html
https://www.databricks.com/blog/2019/09/24/diving-into-delta-lake-schema-enforcement-evolution.html
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Schema Matching

INSERT INTO Orders
Schema Schema Schema SELECT BELNR,

Detection Matching Mapping FROM Bertellungen
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Overview Schema Matching [Philip A. Bernstein, Jayant

= Motivation Schema Matching, Ten Years Later.

Grazm

Madhavan, Erhard Rahm: Generic

PVLDB 2011 (test of time award)]

O Large and convoluted schemas (# tables, # attributes, structure)
O Goal: generation of matching candidates (refined by user)
= Problem Definition 52
O Given: two schemas S1 and S2 CHAR(15) PK
O Goal: Generate Author‘ID INT REF
L.
correspondences BooKs Booletle VARCHAR (128)
Title VARCHAR(96)
. DlscPr‘lce FLOAT
© Correspondence: Author VARCHAR(64)
relationship between Price  FLOAT
M elements in S1 and N elements in S2 AuthorID INT PK
i i LastName VARCHAR(32)
O Mapping expression:

Bl

FirstName VARCHAR(32)
function how elements are related

institute of
JUMAN-CENTRED COMPUTING
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System Architecture and Matching Process

External
Schemas

/ Model Pool \ [Erhard Rahm, Hong-Hai Do David /Mapping POO|\

Aumueller, Sabine Massmann: Matching
Large Schemas with COMA++, 2005]

Sl Attt a2 Jaces Sl i
S DAG
ﬁ 2 IR
Sz % . Ma p pi n g
\ / [ Matcher Configs ] \ManipulationJ

Matcher 1

{S,,5S,,5--- , ‘
- » Matcher 2
S k A

Mappings

r ~ 13 23
Matcher 3
Component Matcher Similarity Correspon-
Identification Execution Combination dences

Institute of
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Classification of Matching Techniques

Schema-based Instance-based

Element Structure Element
Linguistic Constraints Constraints Linguistic Constraints
Name sim, Type sim, parent-child, Word freq, Value patterns
description key graph structure key terms and ranges
sim properties
= Cardinalities: 1:1, 1:N, N:M

[Erhard Rahm, Philip A. Bernstein: A
= Combined Matchers (hybrid, composite) survey of approaches to automatic

schema matching. VLDB J. 2001]
HCC

a (\:.—='g
1N\
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Selected Matchers T ———

Schema-based Instance-based

= Linguistic Approaches

ot hane —Jstreet ity

) ) ) Emma Schmidt Luisenstrasse 90 Munich, 80333
= Affix (suffix, prefix) ’

= Semantic

= Synonyms
mony Firstnane Lastnane |street | |21 [City

| i — [
Hierarchy taxonomies Susanne Froehlich Weststrasse 2 01187 Dresden

Klaus Schumann Koenigsstrasse 7 Dresden, 01199

= Language — dictionaries Thomas Kuhze Dammweg 45 12437 Berlin

HXHCC

- Institute of
HUMAN-CENTRED COMPUTING
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Selected Matchers T

Schema-based Instance-based

= Example Trigram

a (\:.—='g
1N\

Institute of
HUMAN-CENTRED COMPUTING

Similarity =2|S1 M1 S2| /(|S1|+]|S2]|) [Jaccard]

string 1 — "Name" — "[li[Namel]" (we add 2 spaces before and 1 space after )
String 2 — "Lastname" — ".Lastnamel"

".N", "INa", "Nam", "ame", "mel" (S1 = # trigrams = 5) Tokens!

"IL", "ILa", "Las", "ast", "stn", "tna", "nam", "ame", “mel" (S2 = # trigrams = 9)
Common trigrams = {"nam", "ame", "mel "11s1MNS2|=3

Similarity = 2x3 /5+9 =6 / 14 =0.4285
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Schema Matching

Selected Matchers, cont. RS ——-

Schema-based Instance-based

= Problem Schema-based

O Attribute names might differ vastly (CustNa vs Name, CustSt vs Street)

= Linguistic Approaches Luisenstrasse 9@ Munich, 80333

— Instance-based matching, but need for data

O Word frequencies, bigrams, trigrams, etc Koenigsstrasse 7 Dresden, 01199

o Keywords, abbreviations street __JNum 2P _City

Weststrasse 2 01187 Dresden

. D 45 12437 Berli
= Constraint-based Approaches AMMWES s
O Elements: data types and lengths,
value domains, patterns 5-letter
O Structure: combinations of element numeric m
constraints Munich, 80333 codes 01187
Dresden, 01199 = > 12437

Institute of
HUMAN-CENTRED COMPUTING
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Combination of Matchers

= #1 Reuse
O Exploitation of transitive similarity S1=S3 A S3=
S2
= #2 Refinement — §1=S2

O Chaining: matcher M_, . works on mappings of M_
--» efficiency

= #3 Composite Matchers

O Select combination of complementary
matchers in form of ensemble

O Aggregation of similarity

(e.g., trigram, synonym --» avg/min/max) M=

Institute of
HUMAN-CENTRED COMPUTING



Schema Matching

Efficiency and Scalability [Philip A. Bernstein, Jayant

Madhavan, Erhard Rahm:
= Problem Generic Schema Matching,

Ten Years Later. PVLDB 2011]
O Large schemas and matching complexity; all-pair problem O(n*m)

= #1 Early Search Space Pruning

O Faster matchers used to eliminate unlikely matches

O Reduced schema sizes for expensive matchers

= #2 Parallel Matching

O Process different steps/fragments in parallel

[Philip A. Bernstein, Sergey Melnik,

TU

Grazm

Michalis Petropoulos, Christoph

Quix: Industrial-Strength Schema
H CC Matching. SIGMOD Record 2004]



Schema Matching TU

Grazm

Schema Matching Tools

= Commercial Tools

O Most message-oriented middleware, EAI, ETL tools provide mapping Uls
(w/ basic string similarity for matching)

O Many data modeling tools also support matching/mapping

= Academic
Prototypes

COMA++ Falcon Rimom Asmov AM Harmony
year of introduction  2002/2005 2006 2006 2007 2007 2008

Input relational V - - - : V

schemas XML V - - - (V) V

ontologies V V v v \% V

compreh. GUI ' (V) ? ? \4 V

(Erhard Rahm: Towards Matchers linguistic V V v v v V
Large-Scale Schema and structure v v v v v v
Ontology Matching. Schema Instance V - v V V -
Matching and Mapping 2011]  se of ext.dictionaries Vv ? Vv Vv Vv Vv

- Institute of
HUMAN-CENTRED COMPUTING



Schema Matching
COMA system for combining match

Schema Matching Tools, cont. algorithms in  flexble way)
COMA++

= COMA ++
A Ij|> ﬁli‘Dl— ‘ x CIDXPOSCHEMA (XDR) = E[’E i — mu:’:d (KIJ::) -
[Hong Hai Do, Erhard Rahm: SRR vorapace | | DV emr/ 74 IV=
. = - Delete poDate : dats 1me tz- / /;psazr_bescnpuon : string
COMA - A System for Flexible HEOWE e o | s
. . . main i : string
Combination of Schema Matching %J N {;R / \/
= Rl Ral contactEnail trin
ApproaChes. VLDB 2002] | In:i:mua contactPhone : sez\n \\

/
~~unitPrice : number

salesValue : number
itemCount : int
Footer

Excel SchemaMerge hlPTD\x \ = / totalValue : number
. . N entityidentifier ring X » f-@—InvolceTo
[David Aumueller, Hong Hai Do, Noris R, : ovinp SO contece
< ht_ersed attn : string \ “—contactName : string

Sabine Massmann, Erhard Rahm: | Specs it st S

\\ i v\ﬂtmp&ny“&m& : string
stateProvince : stril H e-mail :

: string

. g)me streetd : strin % /\Y / . T—telephone : string
Schema and ontology matching DM q | [
. @ POBillT \ AN _——streetl : string
Wlth COMA++. SIGMOD 2005] e DX Excel Meopin extl:ityidenFlfie: Spring Y : ; city : scr.:mg )
e R city : string y, ‘| —stateProvince : string
e ’CIDKPOSCHEMA Excel attn : string / k _———postalCode : string
; } . n1n . aryinoe—i 7 country : string
e R s

‘5”@} ",J !'—’HE‘ :1'0_ E—OE'O | (XDR) @Ugmappmg‘l Noris (XDR) :
R . e = [Credit:

COMA 3.0 FEEEE o s«
| | e v o Items customerOrderRef : string h . H H H
. @ tt -
E e N | | |t S: s.uni-leipzig.de
— Scnémas ¢ InvoiceTo: ¢ Organization d /R h/ h I
Contact referenceNo : strin
Excel (2) S[E I : d e/Research/coma.ntm
1 contactName : string name : string
] Noris (2)
| companyNaie : string registrationNo : string
e-mail : string T VATRegistrationNo : string
telephone :\\string url : string
¢ hddress v—hddress
= Ontolo gy | . Lt sirees + suring

street2 : string-

| —~——city : string

/-——sl:ate : string

<] [v]

= street3 : strihg—
Mappings e
- = streetd : striny
| Excel_Noris =]

postalCode : string
Z city : string
Mapping R L

[ ———country : string
stat,

b g C‘;\m Change to Advanced
iverTo

¢ Contacy | @ Context (COMA default strategy) g

<1 | cony Context Matcher COMA_OPT v [freing

Name [Mapping1 corg)
Comment [COMA_OPT < O Nodes »

Schemas |[Excel, Noris Source Node Int
Operation|SCHEMA Node Matcher NAMETYPE -
Total 45 (0 +45)

Merging
= Workflow
Management

|
O Reuse (use existing mapping paths) |
|

Il search| | Restorepetautts || save |[ savesxecute || cancer | 3
ll[setect a node to display ts correspondences II



https://dbs.uni-leipzig.de/de/Research/coma.html
https://dbs.uni-leipzig.de/de/Research/coma.html
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[Felix Naumann: Informationsintegration — i
Schema Mapping, HPI Lecture, 2012]
INSERT INTO Orders
Schema Schema Schema SELECT BELNR,
. . : SUMME, DATUM
Detection Matching Mapping FROM Bestellunger

KHCC

- Institute of
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Schema Mapping Overview

= Example .
P Publication

N0~

T

Problem
O Given: two schemas w/ high-level mapping

O Generate concrete transformation program/query (SQL, XSLT, XQuery)

Schema Mapping Process (systematic lowering)
O High-level mapping: intra- and inter-schema correspondences

O Low-level mapping: mapping that ensures consistency with
constraints of target schema.

O Transformation query: transformation program from one into the other schema,
backend-specific (query generation)

Transformation Query:

arteK ~ publD m) INSERT INTO Publication
title — title SELECT artPK, title, NULL
- FROM Article

Institute of
HUMAN-CENTRED COMPUTING



Schema Mapping

Mapping Interpretations

= Without Intra-Schema

Correspondences

Publication
artPK —" pubID
title — title
pages date
artFkK
name

KHCC

TU
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INSERT INTO Publication
(SELECT artPK AS publID,
title AS title,
NULL AS date,
NULL AS author
FROM Article)

UNION ALL
(SELECT NULL AS pubID,

NULL AS title,

NULL AS date,

nhame AS author
FROM Author)



Schema Mapping

Mapping Interpretations

= Without Intra-Schema

Correspondences

T

1 Al and Society

2 Data Spaces

ET

1 Lucas lacono
2 Matthias Muller
Author

Institute of
HUMAN-CENTRED COMPUTING

Article

D

TU
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INSERT INTO Publication
(SELECT artPK AS pubID,
title AS title,
NULL AS date,
NULL AS author
FROM Article)
UNION ALL
(SELECT NULL AS pubID,
NULL AS title,
NULL AS date,
name AS author
FROM Author)

Publication
publID title date author
1 Al and Society NULL | NULL
2 Data Spaces NULL | NULL
NULL | NULL NULL | Lucas lacono
NULL | NULL NULL | Matthias Maller
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Mapping Interpretations, cont.

= With Intra-Schema

Correspondences
AU e e T INSERT INTO Publication
—> artPK  — " publID SELECT artPK, title,
title —» title » NULL, name
WHERE artPK = artFK
— artFK
name

Institute of
HUMAN-CENTRED COMPUTING



Schema Mapping

Mapping Interpretations

= Without Intra-Schema

T

1

2

ET

1

2

Correspondences

Al and Society

Data Spaces

Lucas lacono

Matthias Muller

Author

Institute of
HUMAN-CENTRED COMPUTING

Article

D

artPK
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INSERT INTO Publication
SELECT artPK, title,
NULL, name
FROM Article, Author
WHERE artPK = artFkK

Publication

title

Al and Society

NULL name

NULL | Lucas lacono

Data Spaces

NULL | Matthias Muller




Schema Mapping

Schema Matching Tools
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.
= Clio (IBM Research — Almaden) —_— —
=) Sourcel £8 Target §3chsmaVIew| ézoueryl IEH,
Source Schemas Target Schema I
e = W S1:Record =
File Database Mappings Help ;‘e R AR =8 set of (ARTICLE) TICLEAUTHOR: Record
Q‘ = | I Ml < | » I‘ “l “l I:z Q2 | . ; = B8 ARTICLE: Record ARTICLEID (String)
e e e - — 7= Blslm] e8] g ?;Tllzcifigﬁlfng) ________ _— : BT
85 sowce | €8 Terget @5"“"‘”""‘" &, ouery | &5 scurcs | €8 Target | Bl sl g JOURNAL (v n  Delste Mapping »
Source Sch B Schel . YEAR (Int) P Define Value...
- 2 s l ¥ statisti ::BWS t - I 2 B MoNTH (suing Y nternal State  »
= 34 expenseDB: Record B E atisticsDB: Se S B 'PicEs o :
= £ Set of (company) = B cityStatistics: Record $x0L1/project; B voL ] Attrib Show Existing Suggestions
=l E company: Record I‘$;¢‘9=‘='='> €a city (string) [ $x2L1/cid/text B nuM (n) NOTE (String)
B> cid (i = g Set of (organization) $x2fcityftext( B Loc (suing s REFERENCES (String) .
B> cname (strin = ER organization: Record RETURH B cLass (sting AUTHORNAME (String) Find Similar (by name)
B city (etrin :: @ dd (ing <organizatiom E mzr(:“(? 5 L"‘f"/ Find Similar (Numerical Vote)
1 L y tring)= =~ y
& g;‘ of (9':"3 a i3 g ;“*:mer E::‘JJQ) [ zl‘b . SX: 5@ Set of (RTICIEPLRLISHED) Match all automatically
= grant: Recor: = et ol ing) name 5 s i Accept Match
B cd (uing = B funding: Record distinct ( ER::: ERIA}:TLIEC':I:DU;::; Record |gnn|: e
e . FOR
B qid (eving) 4@ gd (ing) [ Sl 8 AuTHID am) Next Match
B> amount (strin @ prof (uing—y | : =83 set of (AUTHOR)
———— B project (swing) B faid (string) SX;: i : = B8 AUTHOR: Record Accept All Matches
= {8 set of (projec) B recv Ging wi:);w 3 E :ﬁ;:“;sg"g) Ignore All Matches
e : 4 2 L vin ;
EN:::| Er)olect: R(ecord = 5 ;t ;f (ﬁn:::ﬂk 4 P 5@ set of 8006 J
name (st = inancial: Recor i =) . S ]
B> vear Gin € aid @ing :ﬁ:;’: & - 3501'335§°E§ﬁn¢ P FRIH
@ amount (tring) $x9L1/ci B TITE (sing %% ;" i:’y;'
B date (sting [ SxOL1/ci B PUBLISHER (String) H
=5 Set of (project) RETURN B vear am i
= EEH project: Record <funding B montH (sting) J {}
@ neme Guing [ gid B Paces (sring i1 | =
yoar Guin a7 e
=l @ o [ <faid>  "SK267(", $x0L2/project/text(), ",
<ffunding> )
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Summary and Q&A

= Schema Detection
= Schema Matching
= Schema Mapping

= Next Lectures

O 05 Entity Linking and Deduplication [Oct 31]
O 06 Data Cleaning and Data Fusion [Nov 14]
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