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Integrated Information Systems
Database Management Systems vs.  
Integrated Information Systems
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Integrated Information SystemsIntegrated Information Systems

Integrated Information
System

Oracle,
DB2…

Web 
Service

Appli-
cation

HTML 
Form

Integrated
Info. System

File
System

Query
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Integrated Search EnginesIntegrated Search Engines

Meta Search Engine

Intranet
Index

Thesaurus

Query
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Redundancy  (Yang’s Pothole #2)Redundancy  (Yang’s Pothole #2)

Is good for you
More information
More detailed information
Verifiable information
Thus: INTEGRATE!

But yields problems
More alternatives mean more 
complexity.
Technical and structural 
heterogeneity
Redundancy is only conceptual: 

– Object identity
– Conflicts (010203 !)

Mixed and low quality
Additional errors (duplicates)
Thus: Listen further.
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OutlineOutline

Databases vs. Integrated Information systems
Motivating Examples
Components for IQ-driven query processing

IQ measure + IQ model
IQ-driven optimization – A new paradigm
IQ-driven integration
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DBMS vs. IISDBMS vs. IIS

Single source
Local
Controlled
Structured
Data

short
Professional user

Multiple sources
Distributed
Autonomous
Semi-structured
Information

text, images, tables
Professional and casual 
user
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DBMS Quality vs. IIS QualityDBMS Quality vs. IIS Quality

Complete (assumed)

Accurate
Trusted
Fast
Free

Incomplete
Inaccurate
Untrusted
Slow
Possible cost

High expectations 
High quality

Low expectations 
Low quality

Let’s change this!
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Optimize IQ!Optimize IQ!
Fixed quality

complete & correct
Optimize cost

time & throughput

Fixed cost
price, patience, …

Optimize IQ
IQ criteria
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Motivating ExamplesMotivating Examples

Searching
Meta Search Engines
Information Retrieval

Data Fusion (Integration)
Data conflicts
Genome Databases
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Example: Meta Search EnginesExample: Meta Search Engines

MetaGer

Mamma

MetaCrawler
Google:Title, Summary, Descr.,Category, URL, Size
Fast: Title, Summary, Descr., URL, Size
Inktomi:Title, Summary, URL
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HiQIQ Meta Search EngineHiQIQ Meta Search Engine
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Example: 
IQ for Information Retrieval
Example: 
IQ for Information Retrieval

Quality in IR is an old concept
Quality = Relevance

Problem
Given a set of documents (text) and a set of keywords,
rank the documents according to their relevance wrt. the 
keyword (and return the best N documents).

Relevance defined by user.
Precision vs. Recall
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Example:
IQ for Information Retrieval
Example:
IQ for Information Retrieval

Apply IR ideas to IIS
Parts of IIS are documents anyway
Web-pages are documents

Relevance as another IQ dimension
Existing measures and techniques

Apply IQ ideas to IR
Replace “relevance” with “quality”.
E.g. author-reputation influences quality of document, just 
like source-reputation influences quality of the sources data.
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Example: Data FusionExample: Data Fusion

a, b
a, -

=> a, b

a, b
a, b

=> a, b

a, b
a, c

=> a, r(b,c)

a, -, d
a, c, -

=> a, c, dMeaning of 
nullnull?

Conflict-
Resolution

Source 1    →
Source 2    →
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Example: Data FusionExample: Data Fusion

amazonamazon.de.de

bolbol.de.de

IDID max lengthmax length MINMIN CONCATCONCAT

$5.99Moby DickHerman Melville0766607194

$3.98H. Melville0766607194

These are IQ considerations!These are IQ considerations!These are IQ considerations!
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Example: Data FusionExample: Data Fusion

Genome Databases
Many research labs produce many conceptually redundant 
results.
Quality of experimental results vary (poor IQ is intrinsic).
Quality of human (and machine) annotations vary.
Biologists are very opinionated about IQ of information 
sources.
⇒ Perfect application for IQ-driven information integration
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Example: Data FusionExample: Data Fusion

Genome databases 
today

Identification of 
redundancy very 
difficult (no standard 
representation)
No IQ metadata,
only human-
readable annotation
Some annotation on 
methods used

RNA sequence entry from EMBL
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OutlineOutline
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Optimize IQ!Optimize IQ!
Fixed quality

complete & correct
Optimize cost

time & throughput

Fixed cost
price, patience, …

Optimize IQ
IQ criteria
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A New Optimization Paradigm –
Many Changes
A New Optimization Paradigm –
Many Changes

Cost criteria 
Cost model
Optimization algorithm

Quality criteria
Quality model
Optimization algorithm
+ Information integration
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DB Cost CriteriaDB Cost Criteria

Response time
Execution time
Latency
Throughput
Cardinality
…

Assessed through system parameters and statistics.
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IIS Quality CriteriaIIS Quality Criteria
IQ :=

“Even though quality
cannot be defined, you
know what it is.”

Robert Pirsig
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IIS Quality CriteriaIIS Quality Criteria
{Understandability, Reputation,
Reliability, Timeliness,
Availability, Price, 
Consistency, Coverage, 
Response time, Density,
Completeness, Amount,
Accuracy, Relevancy, ...         }

IQ :=
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IQ Criteria  (classical)IQ Criteria  (classical)
Accuracy

Definition: 
– Usually: Percentage of incorrect 

tuples
– For integration: Percentage of 

incorrect data values
Assessment:

– Domain and Constraint Testing
– Lookup tables
– Scientific measurements
– Data-input experience

Improvement: 
– Often: Deletion
– Better: “Data Scrubbing”

Response Time
Definition:

– Usually: Time until complete 
query result is received

– For integration: Latency
Assessment:

– “Cost Calibration”
– Continuous assessment

Improvement:
– Source selection
– Classical optimization
– Federated Optimization
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IQ Criteria  (new)IQ Criteria  (new)
Completeness

Definition:
– Coverage: Number of real world 

objects represented
– Density: Number of attributes 

covered
– For IIS: NULL-values

Assessment:
– Sampling
– Existing Metadata

Improvement:
– Source selection
– “Best k” vs. “k best”

Reputation / Trust
Definition (Dagstuhl WS):

– Reputation: Memory and 
summary of behavior from 
past transactions

– Trust: Expectation about 
future behavior

Assessment:
– Individual experience
– Corporate guidance
– Trust-networks

Improvement:
– ???
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IIS Quality CriteriaIIS Quality Criteria
{Understandability, Reputation,
Reliability, Timeliness,
Availability, Price, 
Consistency, Coverage, 
Response time, Density,
Completeness, Amount,
Accuracy, Relevancy, ...         }

IQ :=

Assessed in 3 classes…
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IQ AssessmentIQ Assessment

User
Questionnaires

Information Source
Parsing
Metadata

Query Process
Time 
Measurement

Information source: S1 S2 S3 
Understandability 5 7 7
Reputation 5 5 7
Reliability 2 6 4
Age 30 30 2
Availability 99 99 60
Completeness 1 1 0.5
Response Time 0.2 0.2 0.2
Accuracy 99.9 99.9 99.8
Relevancy 60 80 90
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DB Cost ModelsDB Cost Models

Operators
+ (add)
max
X (multiply)

Easy ;-)
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IIS Quality ModelIIS Quality Model

2 Problems
Many Dimensions
Multidimensional

S1
(95,0,0.7,1,99.95,60,48.2,0)

S2
(99,0,1,0.2,99.9,80,52.8,0)

S3
(95,0,0.7,1,99.95,60,38,3)(?, ?, ?, ?, ?, ?, ?, ?)

(?, ?, ?, ?, ?, ?, ?, ?)
⊓

⊔

aggregated 
IQ-vector

IQ-vector

Merging
operators
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⊔

IQ Merge Functions
Availability: A × B
Price: A + B
Response Time: max[A, B]
Coverage: Sylvester

Merge IQ in many DimensionsMerge IQ in many Dimensions

(94.05,0,1,1,99.85,48,54.86,0)

(89.35,0,1,1,99.8,28.8,76.06,3)

S1
(95,0,0.7,1,99.95,60,48.2,0)

S2
(99,0,1,0.2,99.9,80,52.8,0)

S3

merge

merge

(95,0,0.7,1,99.95,60,38,3)

⊓

20.10.2003 Felix Naumann - Humboldt-Universität 36

Multidimensional IQMultidimensional IQ

IQ-criteria have
Different units
Different ranges
Different importance

So...
convert
scale
weight

(89.35,0,1,1,99.8,28.8,76.06,3) > (82.35,0,2,1.5,95,32,71.77,2) ?

MADM methods:
SAW, TOPSIS, ELECTRE, AHP, DEA
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OutlineOutline

Databases vs. Integrated Information systems
Motivating Examples
Components for IQ-driven query processing

IQ measure + IQ model
IQ-driven optimization – A new paradigm
IQ-driven integration
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DB-type OptimizationDB-type Optimization

Goal
Minimize response time
Maximize throughput

Restrictions
Complete
Correct (not just accurate: filter conditions…)

Find best plan!
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DB-type OptimizationDB-type Optimization

π(name, company)

emp comp

�(compID=ID)

σ(salary > 1000)

π(name, company)

compemp

�(compID=ID)

σ(salary > 1000)

SELECT name, company FROM emp, comp 
WHERE emp.compID = comp.ID AND emp.salary > 1000
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DB-type OptimizationDB-type Optimization

π(name, company)

compemp_1

�(compID=ID)

σ(salary > 1000)

emp_n...
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DB-type OptimizationDB-type Optimization

π(name, company)

comp

emp_1

�(compID=ID)

σ(salary > 1000)

emp_n...

MERGE

π(name, company)

comp

emp_1

�(compID=ID)

σ(salary > 1000)

emp_n...

MERGE

σ(salary > 1000)
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IIS-type OptimizationIIS-type Optimization

Change is efficient
But: Result can be 
incomplete.

Preferences? Quality!

π(name, company)

comp

emp_1

�(compID=ID)

σ(salary > 1000)

emp_n...

MERGE

σ(salary > 1000)
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IIS-type OptimizationIIS-type Optimization

Goal
Maximize information quality
Maximize completeness

Restrictions
Price
Bandwidth
Time (user patience)
Find K best sources – Find best K sources
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IIS-type OptimizationIIS-type Optimization

K best sources 
Simple IQ model, but
Sources may not complement each other

– at tuple level (replication)
– at attribute level

Best K sources
Finds optimal query result
Uses IQ merging
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A First SolutionA First Solution

1. Find all combinations of sources
Possibly exponentially many plans

2. IQ assessment of each combination
Merge-functions & MADM-methods

3. Execute N best combinations
4. Integrate the results
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A better SolutionA better Solution

1. + 2. Branch & Bound Algorithm
- Quality-driven branching
- Quality-bounds

3. Execute best integrated combination
4. Integrate the results
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Hi-Q Branch & BoundHi-Q Branch & Bound

Instead of 504 = 6.250.000 only 550 Sub-Plans
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OutlineOutline

Databases vs. Integrated Information systems
Motivating Examples
Components for IQ-driven query processing

IQ measure + IQ model
IQ-driven optimization – A new paradigm
IQ-driven integration



25

20.10.2003 Felix Naumann - Humboldt-Universität 49

Data Integration in DBMSData Integration in DBMS

UNION, UNION, UNION
OUTER UNION,
GROUP BY

Cannot efficiently compute similarity.
For object identification

Cannot deal with inconsistencies.
For conflict resolution
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Information Integration in ISInformation Integration in IS

WHAT?
Problem: Identify different representations of same 
real-world object.
Solution: Object identification techniques

HOW?
Problem: Merge conflicting data about same real-
world object.
Solution: Conflict resolution techniques
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Object IdentificationObject Identification

Domain-specific
Address data
Microbiological data
…

IQ weighting can help
Assumption for now

Globally consistent ID
ISBN, SSN, URL
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Conflict ResolutionConflict Resolution

amazonamazon.com.com

bnbn.com.com

IDID max lengthmax length MINMIN CONCATCONCAT

$5.99Moby DickHerman Melville0766607194

$3.98H. Melville0766607194

These are IQ considerations!These are IQ considerations!These are IQ considerations!
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Conflict ResolutionConflict Resolution

null = unknown
Internal Conflict-

Resolution Function
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Conflict ResolutionConflict Resolution

Numerical:
SUM, AVG, MAX, MIN, …

Non-numerical:
MAXLENGTH, CONCAT, AnnCONCAT,…

Special:
RANDOM, COUNT, CHOOSE, FAVOR, MaxIQ,…

Domain-specific
…Human speci-

fication of IQ
Automated speci-

fication of IQ
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Conflict ResolutionConflict Resolution

amazonamazon.com.com

bnbn.com.com

IDID max lengthmax length MINMIN CONCATCONCAT

$5.99Moby DickHerman Melville0766607194

$3.98H. Melville0766607194

slow, up-date, complete, …

fast, outdated, incomplete, …
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MaxIQ Resolution FunctionMaxIQ Resolution Function

Per attribute
Choose value of higher quality source.

Per tuple
Choose tuple of higher quality source.

Per source
Choose K best sources
Choose best K sources
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ConclusionConclusion

Integration needs IQ-Reasoning
Quality-driven information integration needs

IQ criteria & assessment
IQ model
Conflict resolution functions
New algorithms

Extend DBMS?
Develop new IS?
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Questions / FragenQuestions / Fragen

www.hiqiq.de
www.informatik.hu-berlin.de/mac/
naumann@informatik.hu-berlin.de


