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Project Profile: Smart Harvesting II

Partners:

dblp, GESIS, TH Köln

Motivation:

extract bibliographic data with OXPath

facilitate maintenance of scientific literature databases

Solution:

provide working environment and tools to use OXPath

OXPath:

simple, declarative language for web data extraction
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Sources of Raw Digital Data
Oxford Academic:

moved to new platform

Winter 2016 - Spring 2017

gradually moving individual
journals

3 content platforms in use at
the same time
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Problem of Data Heterogeneity

Sources of raw bibliographic data vary largely in quality and format, e.g.:

website layouts

change
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Problem of Data Integration

question of feasibility: automated vs. manual harvesting

expensive maintenance
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DBLP as a Case Example

stream monitoring

text-based extraction

standardisation

wrapper framework

author-name disambiguation mergingcorrection
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DBLP as a Case Example

regular expressions

static-content handler

output formatter

DBLP API

Used across several steps, e.g.:
publisher-key validation

retrieving lists of issues

retrieving tables of content

retrieving records:
<tr[^>]*>.*?</tr>
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DBLP as a Case Example

regular expressions

static-content handler

output formatter

DBLP API

OXPath expressions

controllable browser

output-handler interface

OXPath API
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DBLP Author-Name Disambiguation
Disambiguating author names while inserting new raw publication
record:

simple, global search for matching names (entire database)

reduce candidate set

search for additional candidates, weighted additive factors:
co-author graph (similar names in vicinity)
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Example: Co-Author Graphs

A

C B

E

D

Figure 1: Co-Author Graph for dblp

B

E

D

Figure 2: Partial graph for new record
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Example: Co-Author Graphs
Disambiguating author names while inserting new raw publication
record:

simple, global search for matching names (entire database)

reduce candidate set

search for additional candidates, weighted additive factors:
co-author graph (similar names in vicinity)

stream activity (similar journal, conference)

publication year activity

publication topic

rating of candidate set for each author of the new publication

manual post-processing of ranked list of candidates with dblpi
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What Is OXPath?

simple, declarative language for web data extraction

XPath extension:

actions

iteration

extraction
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What Is XPath?

query language

XML document as a tree of nodes

XPath expressions as location paths
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What Is XPath?
C:\

Program Files\

Atom

Eclipse

Microsoft Office

Users\

Jane Doe

John Smith

1C:\Program Files\Microsoft Office
2C:\Users\Jane Doe

File-Path Examples
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What Is XPath?

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <record class="current">
4 <volume>30</volume>
5 <issue>11</issue>
6 <year>2016</year>
7 <url>http://.../tadr20/30/11</url>
8 </record>
9 <record>

10 <volume>30</volume>
11 <issue>10</issue>
12 <year>2016</year>
13 <url>http://.../tadr20/30/10</url>
14 </record>
15 <record>
16 <volume>30</volume>
17 <issue>9</issue>
18 <year>2016</year>
19 <url>http://.../tadr20/30/9</url>
20 </record>
21 </results>

Queried XML File
1/results/record/issue

XPath Expression

Result Set
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What Is XPath?

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <record class="current">
4 <volume>30</volume>
5 <issue>11</issue>
6 <year>2016</year>
7 <url>http://.../tadr20/30/11</url>
8 </record>
9 <record>

10 <volume>30</volume>
11 <issue>10</issue>
12 <year>2016</year>
13 <url>http://.../tadr20/30/10</url>
14 </record>
15 <record>
16 <volume>30</volume>
17 <issue>9</issue>
18 <year>2016</year>
19 <url>http://.../tadr20/30/9</url>
20 </record>
21 </results>

Queried XML File
1/results/record/issue

XPath Expression

1(
2 <issue>11</issue>,
3 <issue>10</issue>,
4 <issue>9</issue>
5)

Result Set
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What Is XPath?

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <record class="current">
4 <volume>30</volume>
5 <issue>11</issue>
6 <year>2016</year>
7 <url>http://.../tadr20/30/11</url>
8 </record>
9 <record>

10 <volume>30</volume>
11 <issue>10</issue>
12 <year>2016</year>
13 <url>http://.../tadr20/30/10</url>
14 </record>
15 <record>
16 <volume>30</volume>
17 <issue>9</issue>
18 <year>2016</year>
19 <url>http://.../tadr20/30/9</url>
20 </record>
21 </results>

Queried XML File
1/results/record/url/text()

XPath Expression

Result Set
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What Is XPath?

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <record class="current">
4 <volume>30</volume>
5 <issue>11</issue>
6 <year>2016</year>
7 <url>http://.../tadr20/30/11</url>
8 </record>
9 <record>

10 <volume>30</volume>
11 <issue>10</issue>
12 <year>2016</year>
13 <url>http://.../tadr20/30/10</url>
14 </record>
15 <record>
16 <volume>30</volume>
17 <issue>9</issue>
18 <year>2016</year>
19 <url>http://.../tadr20/30/9</url>
20 </record>
21 </results>

Queried XML File
1/results/record/url/text()

XPath Expression

1(
2 "http://.../toc/tadr20/30/11",
3 "http://.../toc/tadr20/30/10",
4 "http://.../toc/tadr20/30/9"
5)

Result Set
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What Is XPath?

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <record class="current">
4 <volume>30</volume>
5 <issue>11</issue>
6 <year>2016</year>
7 <url>http://.../tadr20/30/11</url>
8 </record>
9 <record>

10 <volume>30</volume>
11 <issue>10</issue>
12 <year>2016</year>
13 <url>http://.../tadr20/30/10</url>
14 </record>
15 <record>
16 <volume>30</volume>
17 <issue>9</issue>
18 <year>2016</year>
19 <url>http://.../tadr20/30/9</url>
20 </record>
21 </results>

Queried XML File
1/results/record[@class="current"]

XPath Expression

Result Set
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What Is XPath?

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <record class="current">
4 <volume>30</volume>
5 <issue>11</issue>
6 <year>2016</year>
7 <url>http://.../tadr20/30/11</url>
8 </record>
9 <record>

10 <volume>30</volume>
11 <issue>10</issue>
12 <year>2016</year>
13 <url>http://.../tadr20/30/10</url>
14 </record>
15 <record>
16 <volume>30</volume>
17 <issue>9</issue>
18 <year>2016</year>
19 <url>http://.../tadr20/30/9</url>
20 </record>
21 </results>

Queried XML File
1/results/record[@class="current"]

XPath Expression

1(
2 <record class="current">
3 <volume>30</volume>
4 <issue>11</issue>
5 <year>2016</year>
6 <url>[...]</url>
7 </record>
8)

Result Set
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What Does OXPath Add?

Action:

fill in forms

click links, buttons, etc.

Extraction:

add markers to extract selected nodes

Iteration:

loops, e.g. for paginated content
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Example: Navigating Google Scholar

1 doc('https://scholar.google.com')

OXPath Expression
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Example: Navigating Google Scholar

1 doc('https://scholar.google.com')
2 //input[@id='gs_hdr_tsi']/{"OXPath"}

OXPath Expression
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Example: Navigating Google Scholar

1 doc('https://scholar.google.com')
2 //input[@id='gs_hdr_tsi']/{"OXPath"}
3 /../following-sibling::button/{click/}

OXPath Expression
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Example: Navigating Google Scholar

1 doc('https://scholar.google.com')
2 //input[@id='gs_hdr_tsi']/{"OXPath"}
3 /../following-sibling::button/{click/}

OXPath Expression
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Example: Navigating Google Scholar

1 doc('https://scholar.google.com')
2 //input[@id='gs_hdr_tsi']/{"OXPath"}
3 /../following-sibling::button/{click/}
4 //*[@id='gs_res_ab_yy-b']/{click}

OXPath Expression
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Example: Navigating Google Scholar

1 doc('https://scholar.google.com')
2 //input[@id='gs_hdr_tsi']/{"OXPath"}
3 /../following-sibling::button/{click/}
4 //*[@id='gs_res_ab_yy-b']/{click}
5 //following::*[@role='menuitemradio'][contains(.,

'2016')]/{click/}

OXPath Expression
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Example: Navigating Google Scholar

1 doc('https://scholar.google.com')
2 //input[@id='gs_hdr_tsi']/{"OXPath"}
3 /../following-sibling::button/{click/}
4 //*[@id='gs_res_ab_yy-b']/{click}
5 //following::*[@role='menuitemradio'][contains(.,

'2016')]/{click/}

OXPath Expression
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Example: Navigating Google Scholar

1 doc('https://scholar.google.com')
2 //input[@id='gs_hdr_tsi']/{"OXPath"}
3 /../following-sibling::button/{click/}
4 //*[@id='gs_res_ab_yy-b']/{click}
5 //following::*[@role='menuitemradio'][contains(.,

'2016')]/{click/}
6 //div[@class='gs_ri']//h3/a:<title=string(.)>

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <title>Tim Furche, Georg Gottlob, [...]</title>
4 </results>

XML Output
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Example: Navigating Google Scholar

1 doc('https://scholar.google.com')
2 //input[@id='gs_hdr_tsi']/{"OXPath"}
3 /../following-sibling::button/{click/}
4 //*[@id='gs_res_ab_yy-b']/{click}
5 //following::*[@role='menuitemradio'][contains(.,

'2016')]/{click/}
6 /(//*[@id='gs_nm']/button[2][not(@disabled)]/{click/})*
7 //div[@class='gs_ri']//h3/a:<title=string(.)>

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <title>Tim Furche, Georg Gottlob, [...]</title>
4 </results>

XML Output
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Example: Navigating Google Scholar

1 doc('https://scholar.google.com')
2 //input[@id='gs_hdr_tsi']/{"OXPath"}
3 /../following-sibling::button/{click/}
4 //*[@id='gs_res_ab_yy-b']/{click}
5 //following::*[@role='menuitemradio'][contains(.,

'2016')]/{click/}
6 /(//*[@id='gs_nm']/button[2][not(@disabled)]/{click/})*
7 //div[@class='gs_ri']//h3/a:<title=string(.)>

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <title>Tim Furche, Georg Gottlob, [...]</title>
4 </results>

XML Output
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Example: Navigating Google Scholar

1 doc('https://scholar.google.com')
2 //input[@id='gs_hdr_tsi']/{"OXPath"}
3 /../following-sibling::button/{click/}
4 //*[@id='gs_res_ab_yy-b']/{click}
5 //following::*[@role='menuitemradio'][contains(.,

'2016')]/{click/}
6 /(//*[@id='gs_nm']/button[2][not(@disabled)]/{click/})*
7 //div[@class='gs_ri']//h3/a:<title=string(.)>

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <title>Tim Furche, Georg Gottlob, [...]</title>
4 <title>Special Issue: Big Data [...]</title>
5 </results>

XML Output
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Example: Navigating Google Scholar

1 doc('https://scholar.google.com')
2 //input[@id='gs_hdr_tsi']/{"OXPath"}
3 /../following-sibling::button/{click/}
4 //*[@id='gs_res_ab_yy-b']/{click}
5 //following::*[@role='menuitemradio'][contains(.,

'2016')]/{click/}
6 /(//*[@id='gs_nm']/button[2][not(@disabled)]/{click/})*
7 //div[@class='gs_ri']//h3/a:<title=string(.)>

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <title>Tim Furche, Georg Gottlob, [...]</title>
4 <title>Special Issue: Big Data [...]</title>
5 <!--[...]-->
6 </results>

XML Output
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Example: Navigating Google Scholar

1 doc('https://scholar.google.com')
2 //input[@id='gs_hdr_tsi']/{"OXPath"}
3 /../following-sibling::button/{click/}
4 //*[@id='gs_res_ab_yy-b']/{click}
5 //following::*[@role='menuitemradio'][contains(.,

'2016')]/{click/}
6 /(//*[@id='gs_nm']/button[2][not(@disabled)]/{click/})*
7 //div[@class='gs_ri']//h3/a:<title=string(.)>

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <title>Tim Furche, Georg Gottlob, [...]</title>
4 <title>Special Issue: Big Data [...]</title>
5 <!--[...]-->
6 </results>

XML Output
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Why OXPath?

XPath

static web

plain HTML

complete content

OXPath

dynamic web

AJAX

content on demand
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How Will OXPath Be Used?

Provide working environment:

integrate existing tools for XPath

collect OXPath expressions prototypical of bibliographic domain

devise and test OXPath expressions

explore use of OXPath for stream monitoring
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Tool support

Language plugin for Atom text editor

Syntax highlighting for
keywords

Helps spotting errors and
improves readability

Intended to lower barriers for
beginners
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Table of Contents

1 Project Profile: Smart Harvesting II

2 Maintaining Scientific Literature Databases

3 OXPath

4 Monitoring

5 Examples

6 Demonstration
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Monitoring

Monitor harvesting process, notify in case of failures

→ similar to e.g. REPOX

Identify incomplete or incorrect data

Retrospective monitoring of own data pool

→ schedule harvesting
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Ranking of Data Streams for Scheduling
Experiment on dblp: Howcanwe rank all our conferences such that those
most urgent for the next ingestion are on top?

Datasets:

historical dblp data

Microsoft Academic Graph

Conference Ratings

Features:

expected next entry and

overdue measure

average conference rating

conference internationality

average citation

average author prominence
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Ranking of Data Streams for Scheduling

Example data

Table 1: Example values for conference features used in the rankings,

computed for December 2016.

conf overdue rating int. disc. citations prom.

jcdl 15 3.5 5 3 5.9611 46.9888
tpdl 12 2.5 15 3 4.8133 52.9205
icadl 1 3 10 0 1.8881 52.2408
dl 48 0 1 38 18.4059 66.8803
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Ranking of Data Streams for Scheduling

Evaluation:

sliding window over months of 2016

”gold standard” defined via interval-based pseudo-relevance

for each month, ndcg is calculated for the produced ranking

comparison of influence of the different features
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Ranking of Data Streams for Scheduling

Comparison of ndcg values on different cut-offs. Statistical differences
to the baseline tested with two-sided t-test (∗ ∗ ∗ = p < 0.001,
∗∗ = p < 0.01, ∗ = p < 0.05).

system ndcg-10 ndcg-20 ndcg-100 ndcg-200

delay (baseline) 0,5270 0,5300 0,4954 0,4312
+discontinued 0,7299*** 0,7011*** 0,6341*** 0,5892***
+conf. rating 0,7613*** 0,7267*** 0,6380*** 0,5878***
+internationality 0,6520* 0,6396* 0,5979*** 0,5695***
+citations 0,5730* 0,5667 0,5468** 0,5413***
+prominence 0,6718* 0,6556** 0,5956*** 0,5683***
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ACM News Windows
metadata delivery might be unreliable
(e.g. incomplete)

observe several news windows,
unreliable as well

last 2 weeks
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ACM News Windows
metadata delivery might be unreliable
(e.g. incomplete)

observe several news windows,
unreliable as well

last 2 weeks

last 12 months

M. Neumann & C. Michels Smart Harvesting with OXPath February 22, 2018 36 / 46



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

ACM News Windows
metadata delivery might be unreliable
(e.g. incomplete)

observe several news windows,
unreliable as well

last 2 weeks

last 12 months

last 3 months
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ACM News Windows

1 doc('http://dl.acm.org/advsearch.cfm')
2 //*[@id='fld0']/optgroup[1]/option[5]/{click /}
3 //*[@id='how0']/option[4]/{click /}
4 //*[@id='dte0']/option[@value='${start.year}']/{click /}
5 //*[@id='submit']/input/{click /}
6 //*[@id='ACM_Publications_list']//a[contains(.,

'Proceeding')]/{click /}
7 //*[@id='sortmenu']//option[@value='publicationDate']
8 /{click /}
9 /(/.[not(.//*[@class='publicationDate' and

10 contains(., '${poison.pill}')])]
11 //*[@class="pagelogic"][1]/span[./strong]
12 /following-sibling::span[./a][1]
13 /{click[wait=5] /})*
14 //*[@id='results']/div[contains(@class,

'details')]:<record>
15 [? .//div[@class='source']/span[2]
16 :<header=normalize-space(.)>
17 :<title=substring-after(normalize-space(.), ':

')>
18 :<conference=substring-before(normalize-space(.),

': ')>
19 ]
20 [? .//div[@class='title']//a
21 :<section=normalize-space(.)>
22 :<details=qualify-url(@href)>
23 ]

OXPath Expression
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EDM 2014: Simple Extraction

1 doc('http://edm2014.org/?page=proceedings')

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
1 </results>

XML Output
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EDM 2014: Simple Extraction

1 <html xmlns="[...]" xml:lang="en">
2 <!--[...]-->
3 <div id="content">
4 <!--[...]-->
5 <strong>Online Proceedings</strong>
6 <!--[...]-->
7 <strong>Full Papers</strong>
8 <!--[...]-->
9 <p>Adaptive Practice of [...]

10 <br/>
11 <em> Jan Papousek, [...]</em>
12 <br/>
13 Pages 6-13 [
14 <a href="uploads/[...].pdf">pdf</a>
15 ]
16 <!--[...]-->
17 </p>
18 <!--[...]-->
19 </div>
20 <!--[...]-->
21 </html>

HTML Source
1 doc('http://edm2014.org/?page=proceedings')

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
1 </results>

XML Output
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EDM 2014: Simple Extraction

1 <html xmlns="[...]" xml:lang="en">
2 <!--[...]-->
3 <div id="content">
4 <!--[...]-->
5 <strong>Online Proceedings</strong>
6 <!--[...]-->
7 <strong>Full Papers</strong>
8 <!--[...]-->
9 <p>Adaptive Practice of [...]

10 <br/>
11 <em> Jan Papousek, [...]</em>
12 <br/>
13 Pages 6-13 [
14 <a href="uploads/[...].pdf">pdf</a>
15 ]
16 <!--[...]-->
17 </p>
18 <!--[...]-->
19 </div>
20 <!--[...]-->
21 </html>

HTML Source
1 doc('http://edm2014.org/?page=proceedings')
2 //*[@id='content']/p[./em]:<record>

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <record></record>
4 <record></record>
5 <!--[...]-->
6 </results>
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EDM 2014: Simple Extraction

1 <html xmlns="[...]" xml:lang="en">
2 <!--[...]-->
3 <div id="content">
4 <!--[...]-->
5 <strong>Online Proceedings</strong>
6 <!--[...]-->
7 <strong>Full Papers</strong>
8 <!--[...]-->
9 <p>Adaptive Practice of [...]

10 <br/>
11 <em> Jan Papousek, [...]</em>
12 <br/>
13 Pages 6-13 [
14 <a href="uploads/[...].pdf">pdf</a>
15 ]
16 <!--[...]-->
17 </p>
18 <!--[...]-->
19 </div>
20 <!--[...]-->
21 </html>

HTML Source
1 doc('http://edm2014.org/?page=proceedings')
2 //*[@id='content']/p[./em]:<record>
3 [./em:<authors=string(.)>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors> Jan Papousek, [...]</authors>
6 </record>
7 <!--[...]-->
8 </results>

XML Output
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EDM 2014: Simple Extraction

1 <html xmlns="[...]" xml:lang="en">
2 <!--[...]-->
3 <div id="content">
4 <!--[...]-->
5 <strong>Online Proceedings</strong>
6 <!--[...]-->
7 <strong>Full Papers</strong>
8 <!--[...]-->
9 <p>Adaptive Practice of [...]

10 <br/>
11 <em> Jan Papousek, [...]</em>
12 <br/>
13 Pages 6-13 [
14 <a href="uploads/[...].pdf">pdf</a>
15 ]
16 <!--[...]-->
17 </p>
18 <!--[...]-->
19 </div>
20 <!--[...]-->
21 </html>

HTML Source
1 doc('http://edm2014.org/?page=proceedings')
2 //*[@id='content']/p[./em]:<record>
3 [./em:<authors=string(.)>]
4 [./text()[1]:<title=string(.)>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors> Jan Papousek, [...]</authors>
6 <title>Adaptive Practice of [...]</title>
7 </record>
8 <!--[...]-->
9 </results>

XML Output
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EDM 2014: Simple Extraction

1 <html xmlns="[...]" xml:lang="en">
2 <!--[...]-->
3 <div id="content">
4 <!--[...]-->
5 <strong>Online Proceedings</strong>
6 <!--[...]-->
7 <strong>Full Papers</strong>
8 <!--[...]-->
9 <p>Adaptive Practice of [...]

10 <br/>
11 <em> Jan Papousek, [...]</em>
12 <br/>
13 Pages 6-13 [
14 <a href="uploads/[...].pdf">pdf</a>
15 ]
16 <!--[...]-->
17 </p>
18 <!--[...]-->
19 </div>
20 <!--[...]-->
21 </html>

HTML Source
1 doc('http://edm2014.org/?page=proceedings')
2 //*[@id='content']/p[./em]:<record>
3 [./em:<authors=string(.)>]
4 [./text()[1]:<title=string(.)>]
5 [./br[2]/following-sibling::text()[1]

:<pages=substring-after(., "Pages ")>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors> Jan Papousek, [...]</authors>
6 <title>Adaptive Practice of [...]</title>
7 <pages>6-13 [</pages>
8 </record>
9 <!--[...]-->

10 </results>

XML Output
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EDM 2014: Simple Extraction

1 <html xmlns="[...]" xml:lang="en">
2 <!--[...]-->
3 <div id="content">
4 <!--[...]-->
5 <strong>Online Proceedings</strong>
6 <!--[...]-->
7 <strong>Full Papers</strong>
8 <!--[...]-->
9 <p>Adaptive Practice of [...]

10 <br/>
11 <em> Jan Papousek, [...]</em>
12 <br/>
13 Pages 6-13 [
14 <a href="uploads/[...].pdf">pdf</a>
15 ]
16 <!--[...]-->
17 </p>
18 <!--[...]-->
19 </div>
20 <!--[...]-->
21 </html>

HTML Source
1 doc('http://edm2014.org/?page=proceedings')
2 //*[@id='content']/p[./em]:<record>
3 [./em:<authors=string(.)>]
4 [./text()[1]:<title=string(.)>]
5 [./br[2]/following-sibling::text()[1]

:<pages=substring-after(., "Pages ")>]
6 [./a:<url=string(@href)>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors> Jan Papousek, [...]</authors>
6 <title>Adaptive Practice of [...]</title>
7 <pages>6-13 [</pages>
8 <url>uploads/[...].pdf</url>
9 </record>

10 <!--[...]-->
11 </results>

XML Output
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EDM 2014: Simple Extraction

1 <html xmlns="[...]" xml:lang="en">
2 <!--[...]-->
3 <div id="content">
4 <!--[...]-->
5 <strong>Online Proceedings</strong>
6 <!--[...]-->
7 <strong>Full Papers</strong>
8 <!--[...]-->
9 <p>Adaptive Practice of [...]

10 <br/>
11 <em> Jan Papousek, [...]</em>
12 <br/>
13 Pages 6-13 [
14 <a href="uploads/[...].pdf">pdf</a>
15 ]
16 <!--[...]-->
17 </p>
18 <!--[...]-->
19 </div>
20 <!--[...]-->
21 </html>

HTML Source
1 doc('http://edm2014.org/?page=proceedings')
2 //*[@id='content']/p[./em]:<record>
3 [./em:<authors=string(.)>]
4 [./text()[1]:<title=string(.)>]
5 [./br[2]/following-sibling::text()[1]

:<pages=substring-after(., "Pages ")>]
6 [./a:<url=string(@href)>]
7 [./preceding::strong[1]:<header=string(.)>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors> Jan Papousek, [...]</authors>
6 <title>Adaptive Practice of [...]</title>
7 <pages>6-13 [</pages>
8 <url>uploads/[...].pdf</url>
9 <header>Full Papers</header>

10 </record>
11 <!--[...]-->
12 </results>

XML Output
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EDM 2014: Advanced Extraction

1 <html xmlns="[...]" xml:lang="en">
2 <!--[...]-->
3 <div id="content">
4 <!--[...]-->
5 <strong>Online Proceedings</strong>
6 <!--[...]-->
7 <strong>Full Papers</strong>
8 <!--[...]-->
9 <p>Adaptive Practice of [...]

10 <br/>
11 <em> Jan Papousek, [...]</em>
12 <br/>
13 Pages 6-13 [
14 <a href="uploads/[...].pdf">pdf</a>
15 ]
16 <!--[...]-->
17 </p>
18 <!--[...]-->
19 </div>
20 <!--[...]-->
21 </html>

HTML Source
1 doc('http://edm2014.org/?page=proceedings')
2 //*[@id='content']/p[./em]:<record>
3 [./em:<authors=string(.)>]
4 [./text()[1]:<title=string(.)>]
5 [./br[2]/following-sibling::text()[1]

:<pages=substring-after(., "Pages ")>]
6 [./a:<url=string(@href)>]
7 [./preceding::strong[1]:<header=string(.)>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors> Jan Papousek, [...]</authors>
6 <title>Adaptive Practice of [...]</title>
7 <pages>6-13 [</pages>
8 <url>uploads/[...].pdf</url>
9 <header>Full Papers</header>

10 </record>
11 <!--[...]-->
12 </results>

XML Output
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EDM 2014: Advanced Extraction

1 <html xmlns="[...]" xml:lang="en">
2 <!--[...]-->
3 <div id="content">
4 <!--[...]-->
5 <strong>Online Proceedings</strong>
6 <!--[...]-->
7 <strong>Full Papers</strong>
8 <!--[...]-->
9 <p>Adaptive Practice of [...]

10 <br/>
11 <em> Jan Papousek, [...]</em>
12 <br/>
13 Pages 6-13 [
14 <a href="uploads/[...].pdf">pdf</a>
15 ]
16 <!--[...]-->
17 </p>
18 <!--[...]-->
19 </div>
20 <!--[...]-->
21 </html>

HTML Source
1 doc('http://edm2014.org/?page=proceedings')
2 //*[@id='content']/p[./em]:<record>
3 [./em:<authors=normalize-space(.)>]
4 [./text()[1]:<title=string(.)>]
5 [./br[2]/following-sibling::text()[1]

:<pages=substring-after(., "Pages ")>]
6 [./a:<url=string(@href)>]
7 [./preceding::strong[1]:<header=string(.)>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors>Jan Papousek, [...]</authors>
6 <title>Adaptive Practice of [...]</title>
7 <pages>6-13 [</pages>
8 <url>uploads/[...].pdf</url>
9 <header>Full Papers</header>

10 </record>
11 <!--[...]-->
12 </results>

XML Output
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EDM 2014: Advanced Extraction

1 <html xmlns="[...]" xml:lang="en">
2 <!--[...]-->
3 <div id="content">
4 <!--[...]-->
5 <strong>Online Proceedings</strong>
6 <!--[...]-->
7 <strong>Full Papers</strong>
8 <!--[...]-->
9 <p>Adaptive Practice of [...]

10 <br/>
11 <em> Jan Papousek, [...]</em>
12 <br/>
13 Pages 6-13 [
14 <a href="uploads/[...].pdf">pdf</a>
15 ]
16 <!--[...]-->
17 </p>
18 <!--[...]-->
19 </div>
20 <!--[...]-->
21 </html>

HTML Source
1 doc('http://edm2014.org/?page=proceedings')
2 //*[@id='content']/p[./em]:<record>
3 [./em:<authors=normalize-space(.)>]
4 [./text()[1]:<title=string(.)>]
5 [./br[2]/following-sibling::text()[1]

:<pages=replace(normalize-space(.),
".*?(\d+(-\d+)?).*", "$1")>]

6 [./a:<url=string(@href)>]
7 [./preceding::strong[1]:<header=string(.)>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors>Jan Papousek, [...]</authors>
6 <title>Adaptive Practice of [...]</title>
7 <pages>6-13</pages>
8 <url>uploads/[...].pdf</url>
9 <header>Full Papers</header>

10 </record>
11 <!--[...]-->
12 </results>

XML Output
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EDM 2014: Advanced Extraction

1 <html xmlns="[...]" xml:lang="en">
2 <!--[...]-->
3 <div id="content">
4 <!--[...]-->
5 <strong>Online Proceedings</strong>
6 <!--[...]-->
7 <strong>Full Papers</strong>
8 <!--[...]-->
9 <p>Adaptive Practice of [...]

10 <br/>
11 <em> Jan Papousek, [...]</em>
12 <br/>
13 Pages 6-13 [
14 <a href="uploads/[...].pdf">pdf</a>
15 ]
16 <!--[...]-->
17 </p>
18 <!--[...]-->
19 </div>
20 <!--[...]-->
21 </html>

HTML Source
1 doc('http://edm2014.org/?page=proceedings')
2 //*[@id='content']/p[./em]:<record>
3 [./em:<authors=normalize-space(.)>]
4 [./text()[1]:<title=string(.)>]
5 [./br[2]/following-sibling::text()[1]

:<pages=replace(normalize-space(.),
".*?(\d+(-\d+)?).*", "$1")>]

6 [./a:<url=qualify-url(@href)>]
7 [./preceding::strong[1]:<header=string(.)>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors>Jan Papousek, [...]</authors>
6 <title>Adaptive Practice of [...]</title>
7 <pages>6-13</pages>
8 <url>http://[...]uploads/[...].pdf</url>
9 <header>Full Papers</header>

10 </record>
11 <!--[...]-->
12 </results>

XML Output

M. Neumann & C. Michels Smart Harvesting with OXPath February 22, 2018 39 / 46



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

EDM 2016: Adapting from EDM 2014

1 <html xmlns="[...]" xml:lang="en">
2 <!--[...]-->
3 <div id="content">
4 <!--[...]-->
5 <strong>Online Proceedings</strong>
6 <!--[...]-->
7 <strong>Full Papers</strong>
8 <!--[...]-->
9 <p>Adaptive Practice of [...]

10 <br/>
11 <em> Jan Papousek, [...]</em>
12 <br/>
13 Pages 6-13 [
14 <a href="uploads/[...].pdf">pdf</a>
15 ]
16 <!--[...]-->
17 </p>
18 <!--[...]-->
19 </div>
20 <!--[...]-->
21 </html>

HTML Source (EDM 2014)
1 doc('http://edm2014.org/?page=proceedings')
2 //*[@id='content']/p[./em]:<record>
3 [./em:<authors=string(.)>]
4 [./text()[1]:<title=string(.)>]
5 [./br[2]/following-sibling::text()[1]

:<pages=substring-after(., "Pages ")>]
6 [./a:<url=string(@href)>]
7 [./preceding::strong[1]:<header=string(.)>]

OXPath Expression (EDM 2014)

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors> Jan Papousek, [...]</authors>
6 <title>Adaptive Practice of [...]</title>
7 <pages>6-13 [</pages>
8 <url>uploads/[...].pdf</url>
9 <header>Full Papers</header>

10 </record>
11 <!--[...]-->
12 </results>

XML Output (EDM 2014)
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EDM 2016: Adapting from EDM 2014

1 doc('http://edm2016.org/proceedings.html')
2 //*[@id='content']/p[./em]:<record>
3 [./em:<authors=string(.)>]
4 [./text()[1]:<title=string(.)>]
5 [./br[2]/following-sibling::text()[1]

:<pages=substring-after(., "Pages ")>]
6 [./a:<url=string(@href)>]
7 [./preceding::strong[1]:<header=string(.)>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 </results>

XML Output
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EDM 2016: Adapting from EDM 2014

1 doc('http://edm2016.org/proceedings.html')
2 //*[@id='content']/p[./em]:<record>
3 [./em:<authors=string(.)>]
4 [./text()[1]:<title=string(.)>]
5 [./br[2]/following-sibling::text()[1]

:<pages=substring-after(., "Pages ")>]
6 [./a:<url=string(@href)>]
7 [./preceding::strong[1]:<header=string(.)>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors>???</authors>
6 <title>???</title>
7 <pages>???</pages>
8 <url>???</url>
9 <header>???</header>

10 </record>
11 <!--[...]-->
12 </results>

XML Output
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EDM 2016: Adapting from EDM 2014

1 doc('http://edm2016.org/proceedings.html')
2 ???:<record>
3 [???:<authors=???>]
4 [???:<title=???>]
5 [???:<pages=???>]
6 [???:<url=???>]
7 [???:<header=???>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors>???</authors>
6 <title>???</title>
7 <pages>???</pages>
8 <url>???</url>
9 <header>???</header>

10 </record>
11 <!--[...]-->
12 </results>

XML Output
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EDM 2016: Adapting from EDM 2014

1 <html>
2 <!--[...]-->
3 <h1>Individual papers</h1>
4 <h3>Invited Talks</h3>
5 <p>
6 <a id="[...]" class="citation_title"

href="[...]">Data-Driven [...]</a>
7 <!--[...]-->
8 <span class="[...]title">9th [...]</span>
9 <span class="[...]firstpage">2</span>

10 <span class="[...]lastpage">2</span>
11 <span class="[...]pdf_url">http[...]</span>
12 <br/>
13 <span class="[...]author">Ra[...]</span>
14 <!--[...]-->
15 </p>
16 <!--[...]-->
17 </html>

HTML Source
1 doc('http://edm2016.org/proceedings.html')
2 ???:<record>
3 [???:<authors=???>]
4 [???:<title=???>]
5 [???:<pages=???>]
6 [???:<url=???>]
7 [???:<header=???>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors>???</authors>
6 <title>???</title>
7 <pages>???</pages>
8 <url>???</url>
9 <header>???</header>

10 </record>
11 <!--[...]-->
12 </results>

XML Output
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EDM 2016: Adapting from EDM 2014

1 <html>
2 <!--[...]-->
3 <h1>Individual papers</h1>
4 <h3>Invited Talks</h3>
5 <p>
6 <a id="[...]" class="citation_title"

href="[...]">Data-Driven [...]</a>
7 <!--[...]-->
8 <span class="[...]title">9th [...]</span>
9 <span class="[...]firstpage">2</span>

10 <span class="[...]lastpage">2</span>
11 <span class="[...]pdf_url">http[...]</span>
12 <br/>
13 <span class="[...]author">Ra[...]</span>
14 <!--[...]-->
15 </p>
16 <!--[...]-->
17 </html>

HTML Source
1 doc('http://edm2016.org/proceedings.html')
2 //p[./*[contains(@class, 'cit')]]:<record>
3 [???:<authors=???>]
4 [???:<title=???>]
5 [???:<pages=???>]
6 [???:<url=???>]
7 [???:<header=???>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors>???</authors>
6 <title>???</title>
7 <pages>???</pages>
8 <url>???</url>
9 <header>???</header>

10 </record>
11 <!--[...]-->
12 </results>

XML Output
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EDM 2016: Adapting from EDM 2014

1 <html>
2 <!--[...]-->
3 <h1>Individual papers</h1>
4 <h3>Invited Talks</h3>
5 <p>
6 <a id="[...]" class="citation_title"

href="[...]">Data-Driven [...]</a>
7 <!--[...]-->
8 <span class="[...]title">9th [...]</span>
9 <span class="[...]firstpage">2</span>

10 <span class="[...]lastpage">2</span>
11 <span class="[...]pdf_url">http[...]</span>
12 <br/>
13 <span class="[...]author">Ra[...]</span>
14 <!--[...]-->
15 </p>
16 <!--[...]-->
17 </html>

HTML Source
1 doc('http://edm2016.org/proceedings.html')
2 //p[./*[@class~='cit']]:<record>
3 [./*[@class~='author']:<authors=string(.)>]
4 [???:<title=???>]
5 [???:<pages=???>]
6 [???:<url=???>]
7 [???:<header=???>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors>Rakesh Agrawal</authors>
6 <title>???</title>
7 <pages>???</pages>
8 <url>???</url>
9 <header>???</header>

10 </record>
11 <!--[...]-->
12 </results>

XML Output
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EDM 2016: Adapting from EDM 2014

1 <html>
2 <!--[...]-->
3 <h1>Individual papers</h1>
4 <h3>Invited Talks</h3>
5 <p>
6 <a id="[...]" class="citation_title"

href="[...]">Data-Driven [...]</a>
7 <!--[...]-->
8 <span class="[...]title">9th [...]</span>
9 <span class="[...]firstpage">2</span>

10 <span class="[...]lastpage">2</span>
11 <span class="[...]pdf_url">http[...]</span>
12 <br/>
13 <span class="[...]author">Ra[...]</span>
14 <!--[...]-->
15 </p>
16 <!--[...]-->
17 </html>

HTML Source
1 doc('http://edm2016.org/proceedings.html')
2 //p[./*[@class~='cit']]:<record>
3 [./*[@class~='author']:<authors=string(.)>]
4 [./*[@class~='title']:<title=string(.)>]
5 [???:<pages=???>]
6 [???:<url=???>]
7 [???:<header=???>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors>Rakesh Agrawal</authors>
6 <title>Data-Driven [...]</title>
7 <pages>???</pages>
8 <url>???</url>
9 <header>???</header>

10 </record>
11 <!--[...]-->
12 </results>

XML Output
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EDM 2016: Adapting from EDM 2014

1 <html>
2 <!--[...]-->
3 <h1>Individual papers</h1>
4 <h3>Invited Talks</h3>
5 <p>
6 <a id="[...]" class="citation_title"

href="[...]">Data-Driven [...]</a>
7 <!--[...]-->
8 <span class="[...]title">9th [...]</span>
9 <span class="[...]firstpage">2</span>

10 <span class="[...]lastpage">2</span>
11 <span class="[...]pdf_url">http[...]</span>
12 <br/>
13 <span class="[...]author">Ra[...]</span>
14 <!--[...]-->
15 </p>
16 <!--[...]-->
17 </html>

HTML Source
1 doc('http://edm2016.org/proceedings.html')
2 //p[./*[@class~='cit']]:<record>
3 [./*[@class~='author']:<authors=string(.)>]
4 [./*[@class~='title']:<title=string(.)>]
5 [.:<pages=concat(./*[@class~='firstpage'],

'-', ./*[@class~='lastpage'])>]
6 [???:<url=???>]
7 [???:<header=???>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors>Rakesh Agrawal</authors>
6 <title>Data-Driven [...]</title>
7 <pages>2-2</pages>
8 <url>???</url>
9 <header>???</header>

10 </record>
11 <!--[...]-->
12 </results>

XML Output
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EDM 2016: Adapting from EDM 2014

1 <html>
2 <!--[...]-->
3 <h1>Individual papers</h1>
4 <h3>Invited Talks</h3>
5 <p>
6 <a id="[...]" class="citation_title"

href="[...]">Data-Driven [...]</a>
7 <!--[...]-->
8 <span class="[...]title">9th [...]</span>
9 <span class="[...]firstpage">2</span>

10 <span class="[...]lastpage">2</span>
11 <span class="[...]pdf_url">http[...]</span>
12 <br/>
13 <span class="[...]author">Ra[...]</span>
14 <!--[...]-->
15 </p>
16 <!--[...]-->
17 </html>

HTML Source
1 doc('http://edm2016.org/proceedings.html')
2 //p[./*[@class~='cit']]:<record>
3 [./*[@class~='author']:<authors=string(.)>]
4 [./*[@class~='title']:<title=string(.)>]
5 [.:<pages=concat(./*[@class~='firstpage'],

'-', ./*[@class~='lastpage'])>]
6 [./*[@class~='url']:<url=string(.)>]
7 [???:<header=???>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors>Rakesh Agrawal</authors>
6 <title>Data-Driven [...]</title>
7 <pages>2-2</pages>
8 <url>http://[...].pdf</ee>
9 <header>???</header>

10 </record>
11 <!--[...]-->
12 </results>

XML Output
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EDM 2016: Adapting from EDM 2014

1 <html>
2 <!--[...]-->
3 <h1>Individual papers</h1>
4 <h3>Invited Talks</h3>
5 <p>
6 <a id="[...]" class="citation_title"

href="[...]">Data-Driven [...]</a>
7 <!--[...]-->
8 <span class="[...]title">9th [...]</span>
9 <span class="[...]firstpage">2</span>

10 <span class="[...]lastpage">2</span>
11 <span class="[...]pdf_url">http[...]</span>
12 <br/>
13 <span class="[...]author">Ra[...]</span>
14 <!--[...]-->
15 </p>
16 <!--[...]-->
17 </html>

HTML Source
1 doc('http://edm2016.org/proceedings.html')
2 //p[./*[@class~='cit']]:<record>
3 [./*[@class~='author']:<authors=string(.)>]
4 [./*[@class~='title']:<title=string(.)>]
5 [.:<pages=concat(./*[@class~='firstpage'],

'-', ./*[@class~='lastpage'])>]
6 [./*[@class~='url']:<url=string(.)>]
7 [./preceding::h3[1]:<header=string(.)>]

OXPath Expression

1 <?xml version="1.0" encoding="UTF-8"?>
2 <results>
3 <!--[...]-->
4 <record>
5 <authors>Rakesh Agrawal</authors>
6 <title>Data-Driven [...]</title>
7 <pages>2-2</pages>
8 <url>http://[...].pdf</ee>
9 <header>Invited Talks</header>

10 </record>
11 <!--[...]-->
12 </results>

XML Output
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Demonstration: Researcher ID

1 doc("http://www.researcherid.com/rid/I-2057-2013")
2 //*[@id='resultContainer']/table[1]

//*[@id='resultsPerPage']/option[3]/{click /}
3 //*[@class='profileName']:<name=normalize-space(.)>
4 /(//following::*[@id='resultContainer']/table[1]//img

[@alt="Next Page"]
[@onclick="showNextPage()"]/{click /})*

5 //following::*[@id='resultContainer']:<publications>
6 [./table[2]/tbody/tr/td[2]:<publication>
7 [.:<title=substring-before(

substring-after(normalize-space(.), "Title: "),
" Author(s):")>]

8 [.:<auSoPaPu=concat("Author(s): ",
substring-before(
substring-after(normalize-space(.), "Author(s):
"), " DOI:"))>]

9 [.:<doi=substring-after(normalize-space(.), "DOI:
")>]

10 ]

OXPath Expression
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Demonstration: Booking

1 doc("https://www.booking.com/hotel/de/metropolitan...")
2 //a[@id='show_reviews_tab']/{click /}
3 /(//*[@id='review_next_page_link']/{clkwithchange

/})*{0,2}
4 //div[contains(@class, 'review_list_block')]
5 //li[contains(@class, 'review_item')]

[not(contains(@class, 'featured_review_item'))]
[not(@class= 'review_item_photo
review_item_photo-p')]:<review>

6 [? .//*[contains(@class, 'review_item_date')]
7 :<date=normalize-space(.)>]
8 [? .//*[contains(@class, 'review_item_review_score')]
9 :<score=normalize-space(.)>]

10 [? .//*[@class='review_item_header_content_container']
11 :<title=normalize-space(.)>]
12 [? .//*[contains(@class, 'review_item_review_content')]
13 :<text=string-join(./p/text(), " ")>]
14 [? .//*[@class='reviewer_country']
15 :<country=normalize-space(.)>]

OXPath Expression
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Demonstration: Twitter

1 doc("https://twitter.com/search-home")
2 //input[@id='search-home-input']/{'urlaub'}/{pressenter/}
3 /(//div[contains(@class,'stream-footer')]
4 /{mouseover /})*{0, 4}
5 /.:<count=count(//li[@data-item-type='tweet'])>
6 //li[@data-item-type='tweet']:<tweet>
7 [? .//strong[@class='fullname show-popup-with-id ']

:<user_name=string(.)>]
8 [? .//a[starts-with(@class,

'account-group')]/span[@class='username u-dir']
:<user_id=string(.)>]

9 [? .//a[@class="tweet-timestamp js-permalink js-nav
js-tooltip"]/@title:<date=string(.)>]

10 [? .//p[starts-with(@class,'TweetTextSize')]
:<content=normalize-space(.)>]

11 [? .//button[contains(@aria-describedby,
'reply-count')]/span/span:<antworten=string(.)>]

12 [? .//button[contains(@aria-describedby,
'retweet-count')]/span/span:<retweets=string(.)>]

13 [? .//button[contains(@aria-describedby,
'favorite-count')]/span/span:<likes=string(.)>]

OXPath Expression
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Discussion

Thank you for your attention!
Feel free to ask any questions now!

Contact us:
mandy.neumann@th-koeln.de
michelsc@uni-trier.de

Source:
Visit http://www.oxpath.org
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