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Text is everywhere …

Sentiment Analysis

Customer Profiling

Cohort Identification

Language Modeling

Text Understanding Tasks

Data Sources
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Algorithms

Information Extraction
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History
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C1 … Cm

v11 … vm1
v12 … vm2
v1j … vmj

Extracted Views

Fading Attachment

A1 … Ag
v11 … vg1
v12 … vg2
v1k … vgk

B1 … Bn
v11 … vn1
v12 … vn2
v1f … vnf

Extraction Program
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D5D4D3

D2D1

Source Documents 

Training set

Test set

Feedback



Main Contribution: Extracted Relations as Materialized Views 

6



Research Problems

Updatable Extracted View Extracted View Maintenance
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Today’s  Talk



D5D4D3

D2D1

Source Documents 
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Document-at-a-Time Extraction



Identify and extract all occurrences of 
words, attributing qualities to some 
movies. 
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Extract Offsets

EXTRACTOR:



A T

[70, 79> [93, 97>

[84,92> [93, 97>

Extract all occurrences of words, 
attributing qualities to movies. 
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EXTRACTOR:

Span relation
Span



A T

[70, 79> [93, 97>

[84,92> [93, 97>

Extract all occurrences of words, 
attributing qualities to movies. 
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EXTRACTOR:

In each document, re-order 
Month and Day and insert 
2023/ at  the beginning of 
each instance.

UPDATE:
F M D

[4, 9> [4, 6> [7, 9>



A T

[70, 79> [93, 97>

[84,92> [93, 97>

Extract all occurrences of 
words, attributing qualities 
to movies. 
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EXTRACTION



A T

[70, 79> [93, 97>

[84,92> [93, 97>

A T

[75, 84> [98, 102>

[89,97> [98, 102>
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Extractors
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Extracted values appear in the input document.Strict

Positions of extracted values are available.Computable

Rule-based Information Extraction Systems
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Extracted  View Maintenance
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SJrn Ext. article title, pages, year, volume, and journal from journal articles

SMod Ext. titles of publications last modified in 2015

SAA+ Ext. first authors of pubs with 2+ authors

S2010 Ext. titles of publications from 2010

SVLDB Ext.  first authors of publications from VLDB

SVAA+ Ext. multi-author VLDB articles

SJ2020 Ext.  journal titles from 2010

S2010△ Ext. titles from 2010 or updated in 2015

Extraction is slow!
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Corpus: DBLP Number of documents: 3,091,270 Corpus size: 7.9 GB Threaded: Single threaded Machine: Ubuntu 20.04.1 LTS (Focal Fossa) and AMD EPYC 7502P 32-Core Processor.
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Corpus: DBLPNumber of documents: 3,091,270 Corpus size: 7.9 GB Threaded: Single threaded Machine: Ubuntu 20.04.1 LTS (Focal Fossa) and AMD EPYC 7502P 32-Core Processor.
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FREQUENT UPDATES



Research Statement

By treating extracted relations as materialized views
we can design optimization mechanisms for
information extraction process when frequent
updates happen to source documents in a large
corpus.
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Realization Setting 

• SystemT
• AQL
• Document Spanners 

SystemT

AQL

AQL
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Matching Model
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Transform

Match

Produce



Relational Operators

⋈∑∗	𝐹{ 0,9 0,9 − 𝐷 0,9 [0,9] }∑∗	 ∑∗	𝐹{𝑀 0,9 0,9 − 0,9 [0,9]}∑∗	

F M

[38,43> [38,40>

[41,46> [41,43>

F M D

[38,43> [38,40> [41,43>

[41,46> [41,43> [44,46>

F D

[38,43> [41,43>

[41,46> [44,46>
⋈

∑∗	𝐹{ 0,9 0,9 − 𝐷 0,9 [0,9] }∑∗	 ∑∗	𝐹{𝑀 0,9 0,9 − 0,9 [0,9]}∑∗	⋈
Join Semantics Efficient Construction of Spanners*

*Andrea Morciano. Engineering a runtime system for AQL. Master’s thesis, École Polytechnique de Bruxelles, Université Libre de Bruxelles, 2016.
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Update Categories

Irrelevant Updates

Autonomously Computable 
Updates

Rest 
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Approach Summary
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A T

[70, 79> [93, 97>

[84,92> [93, 97>

A T

[75, 84> [98, 102>

[89,97> [98, 102>
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Original  Relation Updated Relation



Identifying Shiftable Updates

Performs
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shiftable
Polynomial 

Time 
Complexity
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Practicality of Detecting Shiftable Updates

Theory Practice

Theoretically Efficient Verifier

Practical Extractors

Effective Optimization 

Practical Updates
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Corpus: DBLP Number of documents: 3,091,270 Corpus size: 7.9 GB Threaded: Single threaded Machine: Ubuntu 20.04.1 LTS (Focal Fossa) and AMD EPYC 7502P 32-Core Processor.

Ext. Des. Est. Num. of  Matched Doc. Est. Num. of  Ext. Records

SJrn article title, pages, year, volume, and journal from journal articles 1,422,100 10,887,480

SMod titles of publications last modified in 2015 17,820 47,480

SAA+ first authors of pubs with 2+ authors 2,304,220 23,011,440
S2010 titles of publications from 2010 302,380 1,264,360

SVLDB first authors of publications from VLDB 1,860 5,360

SVAA+ multi-author VLDB articles 1,680 4,920
SJ2020 journal titles from 2010 132,360 380,080

S2010△ titles from 2010 or updated in 2015 Time out Time out

E
xt

ra
ct

io
n 

Q
ue

ri
es

Update Des. Est. Num. of  Updated  Doc. Est. Num. of  Updated Records

Classifying Hashtags Annotate  hashtags 20 20

Enabling URLs. Update URLs  to become clickable links 881,740 6,711,640

Reversing Month and Day in Dates Convert from yyyy-mm-dd to yyyy-dd-mm 3,091,200 34,870,160

Changing DOIs Update to convert one format to the other 2,830,180 22,425,760

U
pd

at
es
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Corpus: DBLP Number of documents: 3,091,270 Corpus size: 7.9 GB Threaded: Single threaded Machine: Ubuntu 20.04.1 LTS (Focal Fossa) and AMD EPYC 7502P 32-Core Processor.

min avg max

8,400 ± 725 50,943 156,400 ± 26042*

*of those < 450,000 

Extraction Time (sec)

Update Verification Shift

min avg max min avg max

Classifying Hashtags 20 64 127 0.2±0.4 10.2 39.2±76.8

Enabling URLs. 36 108 212 1.1±0.1 67.1 239.3±1.8

Reversing Dates 1 33.6 64 1.5±0.2 78.7 273.5±6.5

Changing DOIs 18 58.2 110 1.2±0.2 72.4 252.4±7.6

Maintenance Time (sec)

Independent of the Database size Faster than Re-extraction



Exposed Research Directions

• More complex update models

• Necessary conditions

• Alternative extraction settings

• Unstructured Data Cleansing

• Graph as information source
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