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Big Data = Volume, Velocity, Variety, Veracity

Variety = Semantics = Meaning Veracity = Pragmatics = Utility
Retrieval, data integration, information Data quality, credibility, authority, trust,
extraction, ...

Stating the obvious: every semantic and pragmatic
information processing task related to human concerns
requires human input

For example: Google is a huge relevance feedback engine
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Observation

Big Data analysis today

= Key innovation: capacity to automatically process and
analyse huge volumes of data

= Key bottleneck: human input to make the processing
meaningful

Example: recent progress in machine translation and image
recognition with deep learning

= Rely on huge corpuses with “ground truth”
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A person riding a Two dogs play in the grass. A skateboarder does a trick A dog Is jumping to catch a
on a ramp

motorcycle on a dirt road.

A refrigorator filled with lots of

A group of young people food and drinks

ing a game of frisbee

A herd of elephants walking A close up of a cat laying
across a dry grass field.

A red motorcycle parked on the A yellow school bus parked
Ldo_ of the road, 7= “es==in a parking lo

SN

on a couch.

somemtit retes o e mage RN

Vinyals, Oriol, et al. "Show and tell: A neural image caption generator."
Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition. 2015. 4
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EEEEEEEEEEEEEEEEE | An extreme perspective
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THE END OF THEORY: THE
DATA DELUGE MAKES THE
SCIENTIFIC METHOD
OBSOLETE — noreoes

No causality!
No understanding!
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= But often no ground truth available, in particular for applications
with “not so big data” and involving expert knowledge

Implementations of Entity Extraction

100% — 5 -

= R ule-
Based

50% —

= flachine
Learming
All Vendors  Large Vendors Based

MLP Papers
(2003-2012) Commercial Vendors (2013)

Chiticariu, Laura, Yunyao Li, and Frederick R. Reiss. "Rule-Based Information Extraction is Dead! Long Live Rule-Based Information
Extraction Systems!." EMNLP. No. October. 2013.
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Three case studies

1. Web credibility
How human input enables machine learning
2. Data integration

How humans and machines cooperate efficiently in a problem
solving task

3. Social Media Analytics

How humans interpret latent structures found by machine
learning
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CASE STUDY 1: WEB CREDIBILITY
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“ BUZZIB cum Intelligent Life on the Web

Home | Topics @ Featured Articles

SN ELC RS Atkins Diet

JEIELE LR Atkins diet tips, information and guide to Dr. Atkins weight loss diet program.
Weight Watchers

] . Follow

Weight Loss Diets -

Diet Plans
The Atkins Mutritional Approach, more popularly called the Atkins diet, is becoming increasingly popular. While there are many low
carbohydrate diets to choose from today, the Atkins Diet receives the most press and implementation.

Low Calorie Diet

Low Carb Diet

The Atkins Diet is the brainchild of Dr. Robert Atkins, who developed it from a new nutritional approach he studied in the '60°'s. His

Liquid Diet reference base was reportedly the Journal of the American Medical Association. Interestingly, Dr. Atkins used his diet on himself with
Obesity considerable success before he began advocating it. He successfully used his diet on ten of thousands before he began writing about
=== it in a series of books_ In 1989, Dr. Atkins established the company Atkins Mutritionals in Ronkonkoma, Mew York. However, the

Diet Fills company's initial success was not sustainable and he filed for bankruptcy inlmid—Z[]UE Dr. Robert Atkins himself died of a fatal injury
Crash Diets to his head sometime in ]

When you browse a webpage, how do you know it’s content
is valid and accurate?
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Increasingly difficult to assess credibility of Web content

= Economic incentives to manipulate information
— Marketing, fraud, political motives, etc.

= Enormous volume of web information

User: Believe or not?

Presentation
features g

ulooksn benign T non'credible site

Adversary: Put SSS to make it look credible?

10
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Which features indicate credibility?

= Numerous candidate features could indicate credibility?

= How to determine?

= Let experts annotate a collection of documents

www.time.com /time /health/article /0,8599,1920745,00.htm|

ﬁ-v,tw.n[a
UNFREE

[Tt ll) Magazine Video LIFE Personof the Year

TIME
Health & Family

Kluke 50 W Twest 0 g4 0 in E5

Fifteen years since the last discovery of its kind,
scientists have finally identified a new set of genes

gene connected
n E (ApoE), was

relessly

incurable disease is genetically based.

elderly.)

(See ofa y in the of for

the

\|’. REGISTRATION CLOSING SOON - SECURE YOUR PLACE TODAY *': \
ING T & GNL 17 !

Breakthrough Discoveries of Alzheimer's Genes

Subscribe

Pope of the Americas

: 10 ideas That Make A Ditference

& The Real March Madness?

B 10 Questions for Jody Williems

Table of Corments
Subscrba Now

Onine Baue Archive

Social Features
Fetched from third-party websites

Facebook Likes
Facebook Shares

Twitter Tweets u
Bitly Clicks bitly
Alexa Rank 6 Alexa
Google PageRank 9’

50

o

676

Content Features

Computed from webpage content or metadata

Readability

Size of Ads

Number of Ads

Number of Spelling Errors
Objectivity

Domain Type

Category

6™ Grade
24%

3

10
Objective
.com
Health




(P

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

Credibility Features

Distributed Information Systems Laboratory

Top S Mgnew're.m Expert URL Filters % of Users
e Corpus of 1000 documents Wt e e,
. e o
e Evaluated by domain experts o et et
* (prepared by MS Research) Do s i |
EEL%M economist.com
Celebrity News E}:{%:l?}lz%m :.zglslg:cz:;com 692,611
All Users (none) 50,473,520
Statistical tests
. = >
Informativeness & L
Google Search Ranking 5 7 Number of Bookmarks
» |dentification of features providing the Domain Type (.gov, .edu) « < 3 Ads Prominence  Objectivity
signals on credibility Use of Punctuation £ > @ Webpage Design
Web Graph Structure g ‘= & Popularity on Facebook
Browsing Patterns ‘% 'g Text Complexity
¥ O Wwebpage Topic
2 O

12
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The content of a webpage as well as the social popularity offer

signals for credibility o
@ 075
5 07
8 065
- 06
Webpages with Credibility Assessment  Credibility-Labeled “ 0.55 “
Unknown Credibility Module Webpages 0.5 - — : :
Qo & 2> &
- Classification i » ' ;E:; 60@\0 006& ‘ooo 6'5“&
i \.‘y~ \‘y \),L & &
L Features A ‘W ‘& 15
Q| B Extraction Regression _;j“‘ (D 2.3
y %2 _.,,;‘ R | P
O & N NN
@ D O o Eo
VORI ARAAH WA <97
c .
go.s I —
o 6@& %oé’} &
& &
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Wybierz jezyk % | Technologia Google Tlumacz » .f & @

Join | Login

ge erationrescue ABOUT  RECOVERY  NEWLY DIAGNOSED = RESOURCES  BLOG EVENTS  STORE

Blake's Journey
Diagnosis to Recovery
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T enter keywords ﬂ
L
generationrescue
(’\-OP& for récovery
Home Recovery Newly Diagnosed Resources Blog Events Store Donate

< Recovery » € Biomedical Treatment » Treatments to Explore

Treatments to Explore  EEEE

Get Started
Three Steps . . . Steps to Support and Recovery.
Conventional medicine treats the symptoms of autism. e
ig Pi i i iomedical Gran
The Big Picture Biomedical treatment addresses the root cause. Aoply for & Grant Onlie.

Treatments to Explore
There is a wealth of biomedical therapies that treat the underlying issues of autism

inside the body. Eve ntS

The following is a list of biomedical treatments to explore with a physician in order to
help heal the body:

Feb. 20,2014
#ChatAutism with Dr. Bo Wagner

Feb. 22 - 23,2014
1. Follow the gluten-free, casein-free, soy-free diet and remove other food Gluten Free Allergy Free Expo
allergens. Phoenix

The yeast-autism connection can be a result of candida (type of yeast) overgrowth in Mar. 20, 2014
the system. This leads to many different behaviors such as, fogginess, sensory #ChatAutism with Dr. Douglas Bibus

issues, negative behaviors.

Mar. 27 - 29,2014
MAPS Spring 2014 Clinician CME

“Rlhitan anAd Nainr eaam tn affart a lnt Af Anir shildran with antiem and thiie wa ecaa a TraininAa MAanfaran~n
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Feb. 22 - 23, 2014
1. Follow the gluten-free, casein-free, soy-free diet and remove other food Gluten Free Allergy Free Expo

allergens. Phoenix

The yeast-autism connection can be a result of candida (type of yeast) overgrowth in Mar. 20,2014
the system. This leads to many different behaviors such as, fogginess, sensory #ChatAutism with Dr. Douglas Bibus
issues, negative behaviors.

Mar. 27 - 29, 2014
MAPS Spring 2014 Clinician CME
“Gluten and Dairy seem to affect a lot of our children with autism and thus we see a Training Conference

lot of children respond terrifically when these are removed from the diet. The goal
behind changing diets is to remove chemicals, toxins and potential
neurotransmitters, which are liberated when food are broken down. These
substances could be toxic for the brain and cause behavioral trouble in kids who are

sensitive. Whether kids test as allergic or not, often they are causing a negative
effect on the child and they must be removed. Each child has his or her own set of
sensitivities that he or she can’t deal with properly. When we change their diets, 80
percent of the kids with autism seem to respond.” - Dr. Jerry Kartzinel, from “Healing
and Preventing Autism” by Jenny McCarthy and Dr. Jerry Kartzinel.

ShITRIoA

= Effectiveness of the gluten-free, casein-free diet for children diagnosed with % %
autism spectrum disorder: based on parental report. INY
ANGELICA ‘
= Nutrition Guide and how to implement the GFCF diet;
= Dr. Jerry’s blog on why to implement the gluten free, casein free diet - Parts 1 blk
& Part2 ¢
More Resources:
intelliclClD
Perfmting dhe Scwace of i $hoep

= GFCFDiet.com
= The role of Clostridia and Autism

= The Yeast Problem and Bacteria By-products 7
= Improved Diet Helps Children with Autism C y ¥
HEASTHEN

srtable Myperbarics

16
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'ﬁv REmILE Type in to check credibility of any web content... Q 2 SomeExpertUser

, Not credible OLogout
Domain Page Statement
Statement details Preview
© Your account RECENTLY VIEWED
# Your interests feed Gluten and Dairy seem to affect a lot of our children with autism and thus we see a lot of 'geafmef‘fs to Explore »
W Comments o children respond terrifically when these are removed from the diet. eneration ..

www.generationrescue.org

4L Your profile . _ _
. Page: http:/www.generationrescue.org/recovery/biomedical-treatment/treatments-to-explore/

# Your achievements " - . . . . ’
Linked claim: “Gluten and Dairy seem to affect a lot of our children with autism and thus we see a lot of children respond SUGGESTED PAGES
terrifically when these are ... .

& Settings Metastatic Colorectal Cancer

Treatmen...
¢ Logout www.xeloda.com
. @© Statement details gollmldal Sll;fer - Natural
© Discover content upplement...

www.regenerativenutrition.com

Quests Follow What Is a Path?
Quizzes www.users.pjwstk.edu.pl
Bets Dimensions . medpedia.com
Credibili [ | www.medpedia.com
2.0 Migraine Triggers May Not
Intentions | | ' Always Trig...
H H . www.webmd.com
Reconcile project: comploences I s
http://reconcile.pl/ e 10
0.5
0.0

1 2 3 4 5
Raters: o See all

(claims) Controversy: (EIEETETD) revert coniroversy
EII L] Supporting: 0 | Weakening: 0 | Neutral: 0

Transfer evaluation to semantically similar statements
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Page
credibility

User
credibility

Features

Expectation-
Maximization
Algorithm

User
reputation

Statement

Statement oy
credibility

18
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Conclusions 1

= Human evaluation is at the origin of every automated
credibility evaluation task

= Same is true for any semantic or pragmatic task (e.g.
translation, image labeling etc.)

= The Big Question: where is the ground truth?
= The answer: ask the crowd or experts

Supervised Learning

19
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CASE STUDY 2: DATA INTEGRATION

20
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* Integration of heterogeneous data sources

— Every project on Big Data analysis first has to integrate data from
different, heterogeneous data sources

— One of the long-standing open problems in data management (both
industry and research)

= How to find good “matches”?
= How to choose the “best matches”?

cl

—>» Person_name
Name m==—"p

c2 —> Company_name

21
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= Manual matching

— still common practice today

= Schema matching tools

Repository Match Mapping View Help
117 -0 se—— 0.0 ping1_PART (2) 3
— Based on structural an SR Business Pariner 5 (C5D) X MOH Business_ Pariner (X50) x
¢ RddressInformation |~ | ? Mainkddres; = -~
: ¢ Rddress i ;
i aref0fName : string
content features T aaresss - e i
¢ RAddressUsageInformaticn / . Housell r : string
? RddressUsage / TransportaticnZone : string B
o AddressUsageDatakey 7‘ s . X )
d i ¢ PostalRddress i -Ballding : string
[ ] t t ; F1 : stri
names, domains, structure, paersrrr i e e
CareQfName : strim 2 H . .
. I ity : string
va | ues Streetlame : étrln );’/_—chsr.rlcr. : string =
7 HouseID : string A /_-Reginn : string
. LA~ :
BuildinglD : strim // PostalCode : string
FloorID : strim / / cuntry : string
RoomID : string E}/-cpanx : string

— Establish correspondences
and rank according to quality

* Errors are frequent and

unavoidable

Works well for small schemas

CityName : strim
DistrictName : strin
RegionCode : astrim
StreetFostalCode :
CountryCode : strim
POBoxID : string

@~ RoleInformation
¢ TaxNumberInformation
9 RdditionalTaxNumber
¢ hAdditicnalTaxNumberData

Harnral ParannTndicaraor

CompleteTelephoneNumber @
CompleteFacsimileNumber :
EMailAddress : string——— |

StandardhddressIndicator :

strim
strim

stri

[4]

POBoxPostalCode : string
RddressUsageCode : string
TaxJurCode : string
CommType : string

/PhnneCDmleteNquber : string

MobilePhoneNumber : string
FaxCompleteNumber : string

(——=EMzilRddress : string

PartnerNumber : string

CategoryCode : string
IndustrySectors
ddresses
are0fllame : string

Street : string

[

4] Il

[1v]

)

| »

lect a node to display its correspondences

22
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Wisdom of the Network

Data integration networks:
different experts may contribute partial matches

23
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Which one would you choose?

cl
. B — Person_name
b M
* 2 —> Copfpany_name
c5
Pname
CName

Instead of considering only one mapping, consider whole networks of
mappings: leverage knowledge from the network!

24
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= By combining different matches in a network we can
construct evidence for the correctness of those matches

— For example, a matching contributing to a “bad cycle” less likely
to be correct

= |dea: combine all this evidence and use probabilistic
reasoning to select the most likely matchings

variable = to local factor f:

poos@ = JI  snea(@ matches
hen(z)\{f}
local factor f to variable »
pi—al@) =) (f(X) I1 va—*f{y})
~{=} ven(F\(=} features
P. Cudré-Mauroux, K. Aberer and A. Feher. Probabilistic Message Passing in 25

Peer Data Management Systems, ICDE 2006.
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Empowering the User

* Probabilistic reasoning results in reasonable improvement of matching

quality, but

— a posteriori analysis can only identify potentially bad choices by experts, but not

correct them

e Better approach

— Let experts make better local decisions by providing them information on global
consistency and asking targeted questions

Q. V. H. Nguyen, T. Nguyen Thanh, Z.
Miklos, K. Aberer and A. Gal et al.
Pay-as-you-go Reconciliation in Schema
Matching Networks. ICDE 2014.

Schemas

/

Probability

Computation

Pay-as-you-go Framework

Instantiation

.
T

Probabilistic matching network

@ User assertions l

Uncertainty Reduction

(Approximation of)
Selective matching

26
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= Asking the right questions is important

Two possible solutions:
{c1,c2,c3} and {c1,c4,c5}

» Ask c, first
— the network is unchanged
—> no uncertainty reduction.
» Ask c, first
— only 1 solution left
- the network becomes certain.

Random
Feedback

= |dea: optimize information
gain with each question

Network Uncertainty

—

User Effort 27
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Results

= Information gain ordering strategy achieves savings of up
to 48% user effort compared to random ordering

= Qutperforms the baseline with an average difference of
15% (precision) and 14% (recall)

Random -«
£ 1
Eoa}
8 06l
=
= 04t
g 02} ;
z 05— 75100
User Effort (%)

Prec (C\F=)

Heuristic -m-

T

09r

08

0.7r

062550 75 100
User Effort (%)

Random E= Heuristic Il

[-
15

User Effort (%)

0 5 10

User Effort (%)

28
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= Data Integration is a task that combines human and
machine intelligence

= The Big Question: How to minimize human effort and
maximize information gain?

Active Learning

29
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= Social Media (e.g. Twitter) contains many (hidden) signals
on the public perception of issues of general interest

— nutrition, health, politics, environment etc.

= Goal: identify influencers, their communities, their topics
of interest and their stance towards given issues

= Methods
— Semantic_content analysis to capture and classify relevant
content
— Social network analysis to capture and analyze social influence

31
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A S

Describe the interest (keywords, users, time, geographic)
Select (or collect) the data

Extract the key Concepts, Entities and Categories
ldentify Topics and Communities

Select relevant Issues, Influencers and Events

Produce insights (correlations)

32
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Extend Terminology Identify interesting terms New questions
New )
T Select and characterize
ology structures and data
of interest
® Initial Termin-
question ology Data Structures Correlations

Collect and select data Find hidden structures @

Identify interesting
correlations

33
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Creating Terminology

Input:
~50 Mio tweets

Exploring the topic “food”
the system suggest related
terms. We find terms
related to food ingredients

food ingredients
food

We create a category
“food ingredients”. The
system proposes more
related terms.

Analysis method:
Word embedding

Choose action '

Choose action -

{diet, {diet}, 41 583}
{chemicals, {chemicals}, 8725}
{cheese, food, 11969}

{fish, food, 6832}

{fat, {fat}, 32 555}

{gluten free, {gluten free}, 4959}
{calories, {calories}, 8865}
{candy, {candy}, 4625}

{grain, food, 2961}

{bread, {bread}, 11 656}
{cereal, {cereal}, 3196}

(word2vec)

{grains, {grains}, 1861}

{cereals, {cereals}, 2730}
{cooking, {cooking}, 9299}

{feed, {feed}, 15741}

{diets, {diets}, 6333}

{fruits, {fruits}, 5832}

{ground beef, {ground beef}, 300}
{eggs, {eggs}, 3554}

{drink, {drink}, 24 6684}

{cspi, {espil, *71"

{butter, {buti

@peles, @ iMensions

{convention:

{fat, food ingredients, 32 555}
{calories, food ingredients, BBB5}
{sugar, {sugar}, 34 228}
{fructose, {fructose}, 3815}
{sugars, {sugars}, 1484}
{sodium, {sodium}, 2283}
{saturated fat, {saturated fat}, 1146}
{fiber, {fiber}, 2222}
{fats, {fats}, 3886}
{cals, {cals}, 437}
{salt, {salt}, 5759}
{grains, food, 1861}
{nutrients, {nutrients}), 2517}
{chemicals, food ingredients, 8725}
{saturated fats, {saturated fats}, 262}
{low fat, {low fat}, 822}
{added sugar, {added sugar}, 590}
{protein, {protein}, 8042}
{processed foods,

{processed foods}], 1019}

itrane fate itrane fatel G80}

weerwne [iscovery of interesting

32)

iralaria Iralarial ARN11

food ingredients
food

nutritinn
We select all terms that
are related. We may
repeat this step.

Choose action d

{low fat, {low fat}, 822}
{added sugar, {added sugar}, 530}
{protein, {protein}, 8042}
{processed foods,

{processed foods), 10189}
{trans fats, {trans fats}], 680}
{hfes, {hfcs}, 1172}
{calcium, {calcium}, 2453}
{trans fat, {trans fat}, 732}
{carb, {carb}, 2232}
{calorie, {calorie}, 4801}
{added sugars, {added sugars}, 233}
{toxins, {toxins], 2033}
{sweeteners, {sweeteners}, 2030}
{artificial sweeteners,

{artificial sweeteners}, 978}
{sat fat, {sat fat}, 172}
{additives, food ingredients, 1750}
{antioxidants, {antioxidants}, 998}
{caffeine, {caffeine], 802}
{vitamins, fvitaminel 22491

{diet soda, {c

{bacteria, {b:

Ihnrmanas Tharmanaal 12R21

food

food ingredients

i kritian
Finally we have a clean list
of all terms on food
ingredients.

Choose action v

{fruit juice, {f W|th term|n0|0gy }

{sugar, food ingredients, 34 228}
{fat, food ingredients, 32 555}
{sodium, food ingredients, 2283}
{fructose, food ingredients, 3815}
{fiber, food ingredients, 2222}
{added sugar, food ingredients, 590}
{protein, food ingredients, 8042}
{salt, food ingredients, 5759}
{nutrients, food ingredients, 2517}
{saturated fat, food ingredients, 1148}
{calcium, food ingredients, 2453}
{chemicals, food ingredients, 8725}
{hfcs, food ingredients, 1172}
{trans fats, food ingredients, 680}
{caffeine, food ingredients, 802}
{artificial sweeteners,
food ingredients, 978}
{sweeteners, food ingredients, 2030}
{carb, food ingredients, 2232}
{trans fat, food ingredients, 732}
112}

estedes! |nstantiation of dimensions s

1}

||acc|r|ves. 100a Ingreaients, 1750}
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Processed Food - 7 Synonyms vs. Semantic Expansion

800000 —— (FULL) - R6 - PROCESSED FOOD (7 synonyms) —— Semantic Expansion
600000
400000
200000
0 . o otz -###f___ﬁﬂhxhﬂff/hﬁhhhxk

01/01/2009 01/01/2010 01/01/2011 01/01/2012 01/01/2013 01/01/2014 01/01/2015

Using a semantically expanded terminology increases coverage significantly!
35
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Categorization

= The system clusters the terms
on food ingredients according
to similarity

= The expert sees

— A clear distinction between
positive and negative terms

— Distinction between natural and
artificial ingredients

— Clusters of related terms, e.g.
vitamins, additives etc.
= We may use this to create
sub-categories of interest

natural

chole’sterolg

fiber
]

potas‘smnprogem

calcium
°

positive

at
[ ]

calorie
®

lucose
®

olate carbohzdrates

flavor
°

Frobioti%s
supplements

alédifisial sweeteners
® [ ]

negative

aspartame
corn syrup °

sw&t.eners

bga
additives
®
allergens o
_antibiotics
. arsgnlc .. )
hormones fluo.nde W%Pceals
1)
toxins
hemical
herbicid
artificial

36
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Analyzing social interactions we can identify clear communities

Level 0 Info Users(28101) Tweets(81720) Documents(7274) Concepts(100) Hashtags(100)

. . . Keywords(205)
Collection from cluster Construct topic Remoave from collection Filter...

Minimal size 0 Maximal size Influence

5000000
# Name Description Tweets R (RT+RE+M
g
.@
= =)

og%%'o

1 8extremes Sharing Peace & Understanding with Compassion & 872 214 2367
Gratitude. Having Love & Respect for all living
things. Susan Elaine Los Angeles CA

2  GMOFreeUSA We are a national group, educating consumers 78 25 1679
about the potential hazards of Genetically
Engineered foods.
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10 SSF_BERF_DEFM  SSF = Support Small Farms -- BERF = By Eating 914 0 888
Real Food -- DEFM = Don't Eat Factory Meat
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Findings: role of food ingredients
in different countries
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ST Conclusions
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= Machine learning applied to Big Data can reveal surprising
hidden structures with valuable insights

= Big questions:
— How to guide the machines to the right data and analysis
— How to make the resulting structures human-interpretable

Unsupervised Learning
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BT LR Summary

Distributed Information Systems Laboratory

= Big Data has impressive potential to create insights and solve
hard problems

= Human intervention in the analysis processes is essential for
obtaining meaningful results

= Three main types of intervention
— A priori: supervised learning
— Interactive: active learning
— A posteriori: unsupervised learning

= No one size fits all: their specific implementation depends
strongly on the use case
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