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SUM is about managing large amounts of uncertain data.
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Outline

1 Uncertainty in the Real World

2 Managing Uncertainty
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Sources of uncertainty
Certain data Uncertain data

The temparature is
25.634589 ◦C.

Sensor reported 25 ± 1 ◦C. Precision of devices

Bob works for Yahoo. Bob works for Yahoo or
Microsoft.

Lack of information

MPII is located in
Saarbrücken.

MPII is located in
Saarland.

Coarse-grained
information

Mary sighted a finch. Mary sighted either a finch
(80%) or a sparrow (20%).

Ambiguity

It will rain in Saarbrücken
tomorrow.

There is a 60% chance of
rain in Saarbrücken
tomorrow.

Uncertainty about
future

John’s age is 23. John’s age is in [20,30]. Anonymization

Paul is married to Amy. Paul is married to Amy.
Amy is married to Frank.

Inconsistent data

6 / 26Das Sarma, Stanford Infolab Seminar, 2009.

http://infolab.stanford.edu/infoseminar/Archive/WinterY2009/


Where does uncertainty arise?

Everywhere!

Information extraction (D5 research)

Sensor networks

Business intelligence & predictive analytics

Forecasting

Scientific data management

Privacy preserving data mining

Data integration

Data deduplication

Social network analysis
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Entity disambiguation (AIDA)

Disambiguate each mention of an entity in a piece of text.

Example

Find web pages concerning “The King of Rock’n’Roll” (entity search)

How much fuzz about “Santorum” in each month of 2012? (entity
tracking)

8 / 26AIDA website

http://www.mpi-inf.mpg.de/yago-naga/aida/


Text segmentation

Segment a piece of text into fields. E.g., “52-A Goregaon West Mumbai
400 062”.

Id House no Area City Pincode Prob
1 52 Goregaon West Mumbai 400 062 0.1
1 52-A Goregaon West Mumbai 400 062 0.2
1 52-A Goregaon West Mumbai 400 062 0.5
1 52 Goregaon West Mumbai 400 062 0.2

Example

Send a promotion to customers in West Mumbai.

Find all papers containing YAGO in the title (faceted search)

9 / 26Sarawagi, Information Extraction, 2008



Relation extraction (NELL / Yago2)

Extract structured relations from the web.

Example

What is known about Albert Einstein? (fact search)

Who has won a Nobel Prize and is born in Ulm? (question answering)

10 / 26Nell website

http://rtw.ml.cmu.edu/rtw/
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Reasoning with uncertainty (URDF)

11 / 26URDF website

http://urdf.mpi-inf.mpg.de/


Google Squared (discontinued)

Find and describe items of a given category.

Example

Directors that directed at least one comedy movie?

Birthplaces of directors of comedy movies with a budget of over
$20M?
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Information integration

Example

Turnover in San Francisco? And in California? (OLAP)
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Same?
{ }

Which one?

Sismanis et al., ICDE09.



Predictive analytics

Example

What is the effect of changing the price on future sales?

What is the risk associated with my portfolio?

14 / 26Haas, MUD10.

http://www.almaden.ibm.com/cs/people/peterh/MUD2010web.pdf


RFID & moving objects

Example

How many people are attending John’s lecture?

Where are choke points when moving items through my storage
facility?

15 / 26Ré et al., SIGMOD08.



Statistical & uncertain rules

Example

Does John smoke? (social network analysis)

“Mississippi” most often refers to the state of Mississippi. (entity
disambiguation)

16 / 26Kolata, The New York Times, 2008.

http://www.nytimes.com/2008/05/22/science/22smoke.html


Anonymized data

Example

Medical research, trend analysis, allocation of public funds, . . .

17 / 26Machanavajjhala et al., TKDD07.



Outline

1 Uncertainty in the Real World

2 Managing Uncertainty
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How to deal with uncertainty? (1)

Clean it (then deny it)!

E.g., data warehouse systems

Advantages
I Lots of expertise and tools for cleaning data
I Can be stored and queried in traditional DBMS

Disadvantages
I Loss of information
I No risk assessment
I High expense of cleaning
I New data may “break” the clean database

Important, but not covered in this lecture!

Customers
Sys Cust Name City State

Same!
{ 1 C1 John SFO CA

2 C2 Johnny SJ CA
1 C3 Jak SFO CA

CleanedCustomers
Cust Name City State
C12 Johnny SFO CA
C3 Jak SFO CA
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How to deal with uncertainty? (2)

Manage it!

20 / 26



Approach I: Incomplete databases

A data integration scenario
Customers
Sys Cust Name City State

Same!
{ 1 C1 John SFO CA

2 C2 Johnny SJ CA
1 C3 Jak SFO CA

Transactions
Sys TransID Cust Sales
1 T1 C1 $15
1 T2 C1 $5
2 T3 C2 $30
1 T4 C3 $30

Resolving entities via an incomplete database
ResolvedCustomers
Ent Name City State
E1 John ‖ Johnny SFO ‖ SJ CA
E2 Jak SFO CA

ResolvedTransactions
TransID Ent Sales

T1 E1 $15
T2 E1 $5
T3 E1 $30
T4 E2 $30

Some query results
Sales by city

City Sum(Sales) Status
SFO $30-$80 guaranteed
SJ $50 non-guaranteed

Sales by state

State Sum(Sales) Status
CA $80 guaranteed

21 / 26Sismanis et al., ICDE09



Approach II: Probabilistic databases

Bird watcher’s observations
Sightings

Name Bird Species
t1: Mary Bird-1 Finch: 0.8 ‖ Toucan: 0.2
t2: Susan Bird-2 Nightingale: 0.65 ‖ Toucan: 0.35
t3: Paul Bird-3 Humming bird: 0.55 ‖ Toucan: 0.45

Which species exist in the park?

ObservedSpecies

Species
Finch: 0.8 ? (t1, 1)

Toucan: 0.714 ? (t1, 2) ∨ (t2, 2) ∨ (t3, 2)
Nightingale: 0.65 ? (t2, 1)

Humming bird: 0.55 ? (t3, 1)

DistinctSpecies

#
1: 0.0315 ? . . .
2: 0.2230 ? . . .
3: 0.7455 ? . . .

Observe: Cleaning up data by most likely choice would miss Toucan!

22 / 26Das Sarma, Stanford Info Blog, 2008.

http://infoblog.stanford.edu/2008/07/why-uncertainty-in-data-is-great-posted.html


Approach III: Probabilistic graphical models

Anna and Bob are friends. Anna smokes, but does not have cancer.
What do we know about Bob?

Uncertain knowledge

1.5
{ Smoking causes cancer

∀x .Smokes(x) =⇒ Cancer(x)

1.1
{ Friends have similar smoking habits

∀x .∀y .Friends(x , y) =⇒ (Smokes(x) ⇐⇒ Smokes(y))

Build a graphical model
& perform inference
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Friends(A,B)

Friends(A,A) Smokes(A) Smokes(B) Friends(B,B)

Cancer(A) Friends(B,A) Cancer(B)

S(B) C(B) #R1 #R2 w Prob.
No No 1 1 2.6 7.7%
No Yes 1 1 2.6 7.7%
Yes No 0 3 3.3 15.4%
Yes Yes 1 3 4.8 69.2%



How to deal with uncertainty? (2)

Manage it!

Advantages
I No or little loss of information
I Uncertainty might be resolved more accurately at query time
I Risk assessment is possible
I Less upfront effort
I Arrival of new data handled gracefully

Disadvantages
I Increased cost of data processing
I Active research area with lots of open issues (and interesting results)
I No commercial DBMS systems available!

This lecture!
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Course overview

Modelling uncertainty
I Incomplete databases
I Probabilistic databases
I Probabilistic graphical models for relational data

Managing uncertain data
I Languages (relational algebra, datalog, relational calculus)
I Provenance
I Algorithms
I Complexity
I Approximation techniques
I Systems

Applications
I Information extraction, sensor networks, business intelligence &

predictive analytics, forecasting, scientific data management, privacy
preserving data mining, data integration, data deduplication, social
network analysis, . . .
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