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Why Data Management?

(1) Itis an incredibly relevant field
(2) The Logic Force is strong in Data Management
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(4) I chose to go into Data Management 15 years ago
and I never regretted it

Working in data management and database theory
has significantly helped me in getting a tenured position



Logic & Data Management?

FO =SQL

- E.E. Codd, paraphrased




Logic & Data Management:

Many people with outstanding logic skills work in database theory
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...and many, many more!



Logic & Data Management:

...the Gems of PODS!

databasetheory.org/gems




Formal Languages & Data Management?

My own background was more from formal languages...
- Butstill, I felt more than welcome in PODS & ICDT

Lately, I've been doing some work in...



Information Extraction

Graph Databases




Information Extraction



General Idea
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Unstructured, textual information Structured database of information

Information Extraction (IE)
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(Alfred Tarskilimmigrated to the United States in 1939

where he became a naturalized citizen in 1945.

He taught and carried out research in mathematics at the

(University of California}in Berkeley, from 1942 until 1983.
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- Named Entity Recognition
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- Named Entity Recognition

- Relation Extraction
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- Named Entity Recognition
- Relation Extraction

- Temporal IE
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Coreference Resolution



Document Spanner Framework
|Fagin et al., PODS 2013]

A relation of "intervals', i.e.
Unstructured, textual information start/end positions in the text

Document Spanner: automarta, regular CXPI’GSSiOIlS,

logic, datalog, ...



Document Spanner Framework
|Fagin et al., PODS 2013]

Relational o
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Spanners: Research %estions

Expressiveness

(Regex ] G [ Awoman]

N |

EXpl'eSSiVGIlCSS Of Regular Spanners

w |Fagin, Kimelfeld, Reiss, Vansummeren '15 |




Spanners: Research Questions

Evaluation

Computing the Output of a Document Spanner

extractor / e er . } delay
wmemeseem CUPleE 2 } delay

tuple 3 e

tuple 4 } =

spanner

Which spanners can you evaluate using guarantees on
- time until the first answer and
- time delay between answers

Enumeration Complexity of Document Spanners

+~ [Arenas et al. PODS'19, Amarilli et al. ICDT'19,Florenzano et al. PODS'17]



Spanners: Research Questions

Static Analysis

Parallelizability

Splittability of Document Spanners +~ [Doleschal et al. PODS '19]



Graph Databases



What is a Graph Database?
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https://www.mediawiki.org/wiki/Wikibase/Indexing/SPARQL_Query_Examples#Politicians_who_died_of_cancer_.28of_any_type.29

The Query, Visualized

"US artists who died of poisoning"
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Regular Expressions on edges

Regular Path Queries (RPQs)



Graph Queries By Example

"US artists who died of poisoning”

guitarist

barbiturate overdose
occupation
8 subclassof
% cause of death
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Graph Queries By Example

"US artists who died of poisoning”

occupation

barbiturate overdose

subclassof

cause of death

United y 4 instrumentalist
States - . subclassof
citizenship
subclassof
subclassof* subclassof*
v v United States
. . ici singer
Artist poisoning musician 8
drug overdose
subclassof
Marilyn Monroe
Answer:
(Jimi Hendrix, guitarist) ,
artist actor subclassof

River Phoenix poisoning



Graph Queries By Example

Such queries are called Conjunctive Regular Path Queries (CRPQs)
They are at the core of modern graph database query languages

- S
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Classic Types of Research Questions

graph tupgbe . } delay
tuple 2 } del ay
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tuple 4 } delay

Enumerating answers with small delay

+~ M., Trautner ICDT'18, Arenas et al., PODS'19]

Answer testing, counting number of answers

+~ [Arenas et al. WWW'12, Losemann, M. PODS'12]




Classic Types of Research Questions

Query 1 3 Query 2

important task in
- query optimization
- reasoning about queries in knowledge bases

Containment of Conjunctive Regular Path Queries is EXPSPACE-complete

+~ [Calvanese et al., KR'00]



Classic Types of Research Questions

There is MUCH more!

Just check the

SIGMOD /PODS/VLDB/ICDT /EDBT /ICDE
proceedings for papers on graph databases

Nice overview on theory aspects:

|Barcel6 PODS'13]



Why Are We Not Done?



Three New Aspects to Stir The Pot

There are different semantics of regular path queries in the literature
and in graph database systems!

( 1 ) every path trail

simple path shortest path

The differences between these are significant

( 2) We now have data about which kinds of queries are used in practice

( 3 ) There is a new standardization effort for graph-structured data

(which brings up many new questions)
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- Construct & project graphs
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.......... 1
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- Create, Read

- Advanced complex path expressions
- Construct & project graphs
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Regular
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3): GQL Influence Graph

- RPQs with data tests (node & edge properties) ]

- Read only
- Path macro (complex path
expressions)

- Create, Read, Update, Delete

- Advanced complex path expressions
with configurable matching semantics
- Construct & project graphs

- Composable

Reading graphs

Complex path expressions

Reading graphs

g SQL PGQ

CRUD, Construct & project, Composable

Reading grap
AdvancegefBmplex path expressions

—-/

Creating, constructing and projecting graphs,
Advanced complex path expressions, Composable

| https://www.gglstandards.org/existing-languages|



https://www.gqlstandards.org/existing-languages

(1): Simple Paths and Trails

Path v
Trail v
u V" Simple path ¢/
. u
Path v Path v
Trail X Trail v
Simple path X Simple path X



(1): Impact of Simple Paths / Trails

The complexity of answer testing / query evaluation changes drastically!

Reason:
- Reachability is easy
- Finding long simple paths is hard

Some papers on simple paths / trails:

|Cruz et al. SIGMOD'87, Mendelzon, Wood SICOMP'95, Bagan et al. PODS'13,
M., Trautner ICDT'18, M., Niewerth, Trautner STACS20]



(2): Expressions Used in Practice

Expresswn Type Expression Type
*b?

48.76% <0.01%
A 32.10% abc* <0.01%
ai... dx 8.66% Aj... Ak <0.01%
a*b 7.73% ab*+c <0.01%
A 1.54% a*+b <0.01%
a? ... ax? 1.15% a+ b+ <0.01%
aA? 0.01% a+ + b+ <0.01%
a; az?...ax? 0.01% (ab)* <0.01%
A? <0.01%
k<6 Disjunction Single symbols:
of symbols: a, b, c,a, ...
A, A, ...

| Bonifati, M., Timm PVLDB'17, WWW'18, WWW'19, SIGMOD"20]



(3): Standardization Effort

Graph: @ a »@

~

(Married
from: 01-01-1990

to: 02-01-1990
Property graph: m ~ < m

(@ ) (@ )
Person Person

FirstName: Burt FirstName: Liz
LastName: Reynolds LastName: Taylor

\_ J \_ J




(3): Standardization Effort

- Query language (GQL)
- Update language
- Schema language

- 'Type system

- Key / cardinality constraints
- Data model!

L TTeee— —

A lot of theory / practice interaction
is taking place here

Keep an eye on gqlstandards.org!


http://gqlstandards.org

To Conclude



Logic and FL Topics

There are plenty of nice topics in database theory that connect to logic!

- Information Extraction - Query (i.e., formula) evaluation
- Graph Databases - Query optimization

- Tree-Structured Data (e.g., JSON) - Data exchange

- Tabular Data (e.g., CSV-like data) - Schema languages

- Probabilistic data
- Incomplete data S
- Data management & Al

Moreover,

(1) the field nourishes connections to practice

(2) database theory has a very nice community

(3) you can find some really nice problems to work on



Thank You!
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