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Noise

Coverage 
among all 
countries and 
occupations

Unstructured 
data

No standard

Context



Data driven approach for
Real Time Labour Market Intelligence

Sensors Models Policy Makers
Raw data from the 

web
Algorithms analyzing raw 

data to
extract information 

needed to
take better decisions

Action that interact with 
the context

Sensors receive information from the
field after the actuations
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Junior Software Developer 

As Junior Software Developer, you will develop 
excellent software for use in field mapping, data 
collection, sensor networks, street navigation, and 
more. You will collaborate with other programmers 
and developers to autonomously design and 
implement high-quality web-based applications, 
restful API’s, and third party integration.

We’re looking for a passionate, committed 
developer that is able to solve and articulate 
complex problems with application design, 
development and user experiences. The position is 
based in our offices in Harwell, United Kingdom.

Job vacancy

Occupation Skills

Time Area

Industry …Information
Extraction

2512 – Software Developer

Skills: develop software, 
implement web based 
applications, problem 
solving, develop user 

experiences

Harwell, UK

…

Information
Extraction
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Overall Data Flow - Recap

Pre-Processing



Challenges of Data Processing

How do we 
measure the 

quality of 
collected data?

How do we increase 
the quality of our 

data?

Which variables affect 
quality of data?

How do we keep 
track of quality of 

data?



Duplicate job ads

Availability of metadata

Timeliness and periodicity of the data

Complexity of data

Challenges of Data Processing

Which variables affect 
quality of data?



How do we keep 
track of quality of 

data?

Challenges of Data Processing

Merge Cleaning Information
Extraction

Continuous quality check gates



Banner and other forms nested in web pages 
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Ads for services, courses, …

List of similar jobs, 
recommendations, you might 
also be interested in ...Some examples



What are the effects of Low-quality?

Decisions are 
slowing 
down

Loss of 
opportunity

Credibility Increased costs Inefficiency in 
operating 
processes



Experimental case study
Measure of quality

Combination of primary 
and secondary portals

Primary
Job Portals

Secondary
Job Portals

Completeness 90% 68%77%

Completeness measures the availability of 
metadata



How improve the quality of the data?

Merging Cleaning Text processing
and summarizing

Pre-processing

Pre-processing is an important and critical step. During this phase, 
through a series of activities, the data will be cleaned from noise, 
summarized and prepared for the information extractions step.



Merging
Structured and unstructured data are merged with the purpose to 

create a complete dataset.
The same job ads can be crawled from several sources: using “real 

page URL” we can merge this information.

Merging

Structured and
No-Structured

data

Database

API

Crawling

Scraping
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Cleaning
The cleaning task is a sequence of activities that remove the noise and 

improve quality of the imported data.

Cleaning

Check
imported text

Drop
Duplicates

Remove
Noise with

Machine Learning
techniques



Text processing and summarizing
The text processing and summarizing phase aims at reducing the text to improve the 

process of classifications of job vacancies according to the European standards.

Job posting
text

Denoising and
processing

Vector
Space Model
representation

As Junior ⟨Software Developer⟩, you will develop excellent ⟨software⟩ for 
use in ⟨field mapping⟩, ⟨data collection⟩, ⟨sensor networks⟩, ⟨street
navigation⟩, and more. You will ⟨collaborate⟩ with 
other ⟨programmers⟩ and ⟨developers⟩ to ⟨autonomously⟩ design and 
implement high-quality ⟨web-based applications⟩, restful ⟨API⟩’s, and third
party ⟨integration⟩.

We’re looking for a passionate, committed ⟨developer⟩ that is able to 
⟨solve⟩ and articulate ⟨complex problems⟩ with ⟨application
design⟩, ⟨development⟩ and ⟨user experiences⟩.
The position is based in our offices in ⟨Harwell⟩, ⟨United Kingdom⟩.



Text processing and summarizing

All the components are developed to work in multi-language environment

For example, stop-words and our ontologies cover about 60 languages

Language Detector (Naïve Bayes classificator trained on Wikipedia corpus) 
recognizes 60 languages with

an accuracy of ~99%

Language
Detector

Job posting
text

Denoising and
processing

Vector
Space Model
representation



• NLP off-the-shelf framework
• Difficult to find resources for all languages
• Low performances
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Other techniques
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Vacancy detection

A “bunch” of 
unstructured data.

How identify job 
ads?

How extract 
information from the 
data?

How remove the 
noise?

~3 millions of job ads 
collected from 2013 
(WollyBI - Italy)

~1 million of job ads (last year) 
(WollyBI - Italy)

~7 millions of job ads 
collected in about 1 month

1

3

7



Vacancy detection

Detect
Noise with

Machine Learning
techniques

Noise?



1. Pages that are no job ads
2. Ads of training courses
3. Privacy and cookie law pages
4. Blog articles, news pages, contact forms, ...
5. List of job ads

24

Which kind of noise?



Experimental case study
Measure of quality

Combination of primary 
and secondary portals

Primary
Job Portals

Secondary
Job Portals

Completeness 90% 68%77%

Accuracy 80% 67%76%

Accuracy is the degree to which the information correctly 
describes the phenomena.



Noise filter pipeline

Job ads

Header
filter

Content
filter

Machine
Learning

filter
Looks at page 

headers (title and 
other metadata) to 
judge if forged or 

not

Scans text content of 
pages with fuzzy logic

It's particularly effective 
to filter out noise written 

in several languages.



• Noise Filtering can be seen as a specific text 
categorization: It’s a classification problem (supervised 
learning)!

• Like Spam detection
• Particular words have particular probabilities of 

occurring in spam pages and in job ads
• The filter doesn't know these probabilities in advance, 

and must first be trained so it can build them up
• To train the filter, we can use thousands of pages 

crawled in web and thousands of job ads from API and 
legitimate sources.

27

Machine learning filter
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Algorithms Used in Noise Detection
Which Algorithm is Better?

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

Naïve	Bayes	 Linear	Support	
Vector	Machine

Decision	tree Random	forest Gradient-boosted	
tree

Logistic	regression



• Train Data: ~14.000 pages; ~50% noise (balanced
dataset) for each language

• Training time: about 30 minutes
• Evaluation Data: ~6.000 new pages for each

language
• Naïve Bayes reported to do very well

• Results: Job Ads precision 99%, Job Ads
recall 97%

• More complex algorithms performs similarly, but
need more time (!!!) to train

29

Which Algorithm is Better?
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Preliminary results - Experimental Case Study
Multi country, Single source, Multi language

others

en

fr

es

it

de

others en fr es it de
N. 34 9443 210 60 1004714 246

Job	Ads	- Language

Job Ads
Noise

Job Ads Noise
N. 1196435 12628

~2%

Primary
Job Portals
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Problem
Examples of job ads
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Goals

Avoid that the same job ad, published on various 
sources, appears in the database several times



• When a job vacancy could be considered a 
duplicate of another one?

• When a job vacancy could be considered 
“consistent” and do not be subject to the 
deduplication process?

• Is it necessary to make both an intra-source and 
an extra-source process to recognize the job 
vacancies duplicates?

34

Problems



Deduplication

Job ads

Physical 
deduplication or 
fuzzy matching 

Metadata matching

Made on the 
description (or 

content) part of the job 
vacancy.

Using metadata coming 
from job portals to 

remove job vacancies 
duplicates on the 

aggregators websites
(e.g. reference id, page 

url)
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Deduplication filter
Preliminary results - Experimental Case Study

84% 

16% 

Multi-source, single-country, 
single-language

80% 

20% 

Single-source, multi-country, 
multi-language

Job Ads Duplicate

82% 

18% 

Multi-source, single-region, 
multi-language

Due to vacancy redundancy, duplication values with 
complete data source will be higher
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Consistency

The same job ad can be published several times by 
the same source: copy/paste of the description, re-

post of an old job ad.

The release date is an important feature to be 
considered during deduplication steps.



1. Context
2. Data processing pipeline
3. Vacancy detection with machine learning 

techniques
4. Deduplication issues

5. Date detection and vacancy’s 
duration
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Not in all job ads are explicitly report the release date 
and the expired date

• How detect, if reported, the release date?
• How cover all languages and formats of a date?
• How disambiguate between release date and 

expired date?

39

Challenging issues



Experimental case study
Measure of quality

Combination of primary 
and secondary portals

Primary
Job Portals

Secondary
Job Portals

Completeness 90% 68%77%

Accuracy 80% 67%76%

Complexity 82% 64%80%

Complexity measures the availability of data 
structures and data formats.
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Examples
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Pattern matching

Reg-ex
repository

Raw
Content

(e.g. HTML source)

Content
Meaning

Filter

Release date
Expire date

Find one of a specified set of strings in text.

A regular expression is a notation to specify a 
set of strings. 
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Preliminary results - Experimental Case Study 
Multi-language, Multi-country, Single-source

nl
de
fr
en

nl de fr en
N. 3748 27158 5951 45135

Job	Ads	- Language

82% 12%

Release date
from structured

data

Expire date
from structured

data
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nl
de
fr
en

nl de fr en
N. 3748 27158 5951 45135

Job	Ads	- Language

82% 12%

Release date
from structured

data

Expire date
from structured

data

Date
Detection

100% 54%

Preliminary results - Experimental Case Study 
Multi-language, Multi-country, Single-source
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Challenge

Ok, finding the release date is relatively simple.
But the expired date of job ads is often absent. 
In many case, job portals leave close job ads 

when they expire



Experimental case study
Measure of quality

Combination of primary 
and secondary portals

Primary
Job Portals

Secondary
Job Portals

Completeness

Timeliness	and	periodicity	of	the	data

90% 68%77%

Accuracy 97% 72%74%

Complexity 82% 64%80%

Timeliness and 
periodicity 72% 80%70%



47

Challenge: expire date auto-detection

Ok, finding the release date is relatively simple.
But the expired date of job ads is often absent. 
In many case, job portals leave close job ads 

when they expire

Data with outliers and asymmetry
Inter-Quartile Range is a measure of spread: 

IQR = Q3 - Q1

A job ad is an outlier if:
duration is greater than Q3 + 1.5 x IQR



• Multilevel approach
• IQRs area apply for

• All job ads
• NUT0 (e.g. country code)
• NUT3 (e.g. regional area)
• NUT3 / Esco Occupation Level 3

48

Job ads duration cleaning
Level of application
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Preliminary results - Experimental Case Study
Multi-source, Single-country, Single-language

111
days

18%
Of jobs adsQ3	+	1.5	x	IQR
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Preliminary results - Experimental Case Study
Multi-source, Single-country, Multi-language

50
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Thanks for your attention


