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Introduction

A quick internet search:
@ schema evolution in databases
@ research data management
@ replicability and reproducibility

@ FAIR principles and various additional guidelines
(e.g. from the NFDI, DFG, RDA, ...)

271



Introduction

A quick internet search:
@ schema evolution in databases
@ research data management
@ replicability and reproducibility
o

FAIR principles and various additional guidelines
(e.g. from the NFDI, DFG, RDA, ...)

My background:
@ Postdoc at the Chair of Data Engineering, University of Regensburg

@ PhD topic: provenance management using schema mappings with
annotations

@ Research topics: provenance, research data management,
schema evolution
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Research Data Management

Research data! is an essential foundation for scientific work. [...]
Research data might include measurement data, laboratory values,
audiovisual information, texts, survey data, objects from collections,
or samples that were created, developed or evaluated during scientific
work.

! https://www.dfg.de
2
https://www.go-fair.org
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https://www.dfg.de/resource/blob/172098/4ababf7a149da4247d018931587d76d6/guidelines-research-data-data.pdf
https://www.go-fair.org/fair-principles/

Research Data Management

Research data! is an essential foundation for scientific work. [...]
Research data might include measurement data, laboratory values,
audiovisual information, texts, survey data, objects from collections,
or samples that were created, developed or evaluated during scientific
work.

The FAIR Principles? provide guidelines to improve the Findability,
Accessibility, Interoperability, and Reuse of digital assets.

! https://www.dfg.de
2
https://www.go-fair.org
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A sample Evaluation

Su mmmm

1 NYC lan 31
2 NYC Feb 42 84
3 LA, Jan 201 63

N |Y )
t: t1 )t
1

: SELECT city, A
a i | city [month | hum

pom NYC Jan 83
. FROM S NYC Feb 84
Alice WHERE temp <5
Q(ly)
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Challenges, Conditions and Goals

Challenges:
@ schema changes and data updates over time

@ ensuring reproducibility of data and query results (according to FAIR)
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Challenges, Conditions and Goals

Challenges:
@ schema changes and data updates over time

@ ensuring reproducibility of data and query results (according to FAIR)

Conditions in the context of research data:
@ updating data means adding a new modified data record
@ even in long-term studies, schema changes are rare

@ privacy aspects in data and data handling
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Challenges, Conditions and Goals

Challenges:
@ schema changes and data updates over time

@ ensuring reproducibility of data and query results (according to FAIR)

Conditions in the context of research data:
@ updating data means adding a new modified data record
@ even in long-term studies, schema changes are rare

@ privacy aspects in data and data handling

Goals:

@ improve the reproducibility of previous query results

@ predict information loss
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A sample Evolution

Data Updates Schema Evolution
el el S —_
J[temp] « 6.1 . DROP COLUMN hum
Su ﬂ mmm rslhum] < 65 Se mmmm FROMTABLES 13 mmm

1 NYC Jan 31 83 1 NYC Jan 6.1 83 1 NYC Jan 6.1
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Updating Data

Data Updates

/—\
LY id | city [month | temp | hum LM id | city | month | temp | hum |

1 NYC Jan 31 83 ry, 1 NYC Jan 31 83 ry,
2 NYC Feb 4.2 84 rup 1 NYC Jan 6.1 83 rpp
\ ~ 4 2 NYC Feb 42 84 ry,
Iy 8 - 5
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Schema Evolution

Schema evolution® describes the ability for a database schema to
evolve without the loss of existing information.

8J. F.Roddick: A survey of schema versioning issues for database systems. Inf. Softw. Technol. 37(7),

1995

gH. J. Moon, C. Curino, A. Deutsch, C.-Y.Hou, C.Zaniolo: Managing and querying transaction-time
databases under schema evolution. Proc. VLDB Endow. 1(1), 2008
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Schema Evolution

Schema evolution® describes the ability for a database schema to
evolve without the loss of existing information.

Schema Modification Operators (SMO)° are representations of
the mappings between successive schema versions.

8J. F.Roddick: A survey of schema versioning issues for database systems. Inf. Softw. Technol. 37(7),

1995

9H. J. Moon, C. Curino, A. Deutsch, C.-Y.Hou, C.Zaniolo: Managing and querying transaction-time
databases under schema evolution. Proc. VLDB Endow. 1(1), 2008
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Most common Schema Changes

(a)

(b,)

(b,)

(c)

CREATE Table 2.3% | 20.4% | 29.1% | 8.9%

DROP Table 0% | 31.5% | 23.6% | 3.3% (a) research
MERGE Table - - - 1.5% database®
ADD Column 79.5% | 25.9% | 25.5% | 38.7% (b) open source
DROP Column 0% | 18.5% | 18.2% | 26.4% programs*®

RENAME Column | 2.3%

MERGE Column 9.2%
SPLIT Column 6.8%

16.0% (c) Wikipedia®

3T.Auge, E. Manthey, S. Jiirgensmann, S. Feistel, A. Heuer: Schema evolution and reproducibility
of long-term hydrographic data sets at the IOW. LWDA, 2020

45. Wau, I. Neamtiu: Schema evolution analysis for embedded databases. ICDE Workshops, 2011

D. Braininger, W. Mauerer, S. Scherzinger: Replicability and Reproducibility of a Schema Evolution

Study in Embedded Databases. ER (Workshops), 2020

6C. Curino, H.J. Moon, L. Tanca, C. Zaniolo: Schema evolution in wikipedia. /CEIS(1), 2008
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A sample Evolution without Reproducibility

Data Updates Schema Evolution
— —
o niltemp] < 6.1 . DROP COLUMN hum n
LY id | city [month | temp [ hum IEERSORURCEREENY id | city [month [temp | hum [NRSFRWIAAEW id | city |month | temp |
1 NYC Jan 31 83 1 NYC Jan 61 83 1 NYC Jan 61
2 NYC Feb 42 84 2 NYC Feb 42 84 2 NYC Feb 42
3 LA Jan 201 63 3 LA Jan 201 65 3 LA Jan 201
| S — (S ——— [ ——1
Itl ItZ It3
2 3 1 N
>
t t, t; t
Q: SELECT city, Q: SELECT city, Q: SELECT city, ;
month, month, month,
hum hum hum
" FROM S FROM S FROM S
Alice  \yuere temp<s Bob WHERE temp <5 Charly  \where temp<s
ity T b [t Tnonth s 4
NYC Jan 83 NYC Feb 84
NYC Feb 84
Q(Itz)
Q(ly)
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Reproducibility by Provenance

Provenance® generally refers to any information that describes the
production process of an end product, which can be anything from a
piece of data to a physical object.

6M. Herschel, R. Diestelkimper, H. Ben Lahmar: A survey on provenance: What for?
What form? What from? VLDB J. 26(6), 2017
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Reproducibility by Provenance

Provenance® generally refers to any information that describes the
production process of an end product, which can be anything from a
piece of data to a physical object.

Data provenance® allows to track the processing of individual data
items at the level of individual data items (and the operations they
undergo).

6M. Herschel, R. Diestelkimper, H. Ben Lahmar: A survey on provenance: What for?
What form? What from? VLDB J. 26(6), 2017
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A sample for a reproducible Evaluation

Su mmm

1 NYC Jan 31
2 NYC Feb 42 84
3 LA Jan 201 63

N IY J
t: t1 >t
1

: SELECT city, .
3 Q e | city [month | hum |

hum NYC Jan 83
. FROM S NYC Feb 84
Alice —_—

WHERE temp<5
Q(l,)




Our conceptual Approach

Conceptual ldea:

@ combine query evaluation, schema evolution and provenance
information with one technique

@ provenance information: data provenance and side tables
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Goals:
@ support plausibility checks
@ verify reproducibility and replicability
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Our conceptual Approach

Conceptual ldea:

@ combine query evaluation, schema evolution and provenance
information with one technique

@ provenance information: data provenance and side tables

Goals:
@ support plausibility checks
@ verify reproducibility and replicability

Furhter Steps:

@ include data updates by extended time stamps

@ extend the supported evaluation language
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A sample for a reproducible Evaluation including Schema
Evolution

[id | city | month temp (DS iy | month | hum

1 NYC Jan 6.1 rg, Qs NYC  Feb N {{reh}

2 NYC Feb 42 rg, i \\ h
3 LA Jan 201 rg3 Charly Y
NYC Feb 84 {{ry,}}
E E?!
id | city | month] temp | hum | 2 q,
1 NYC Jan 61 83 ry, 1
2 NYC Feb 42 84 ry, Bob

3 LA Jan 201 65 ryg
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Schema Evolution in Research Data
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