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Refdundancy (Yany's Fothole #2)

= Is good for you © But yields problems

= More alternatives mean more
complexity.

= More detailed information = Technical and structural

= Verifiable information heterogeneity

= Thus: INTEGRATE! = Redundancy is only conceptual:
— Object identity
— Conflicts (010203 1)
= Mixed and low quality
= Additional errors (duplicates)
= Thus: Listen further.

= More information
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2 Databases vs. Integrated Information systems
2 Motivating Examples

2 Components for IQ-driven query processing
= |Q measure + 1Q model
= |Q-driven optimization — A new paradigm
= |Q-driven integration
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DEMSUS. 1S

2 Single source €==) > Multiple sources

© Local 4==m) ° Distributed

> Controlled 4==) > Autonomous

2 Structured 4=m) > Semi-structured
- >

o Data Information
= short = text, images, tables

= Professional user am) © Professional and casual
user
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IENMS OuanyvsAIsouan

> Complete (@assumed) <= = Incomplete
© Accurate <4=m) © Inaccurate

> Trusted 4==) > Untrusted

2 Fast 4m) © Slow

2 Free <4==m) ° Possible cost

High expectations Low expectations
High quality Low quality

Let’s change this!
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optimize 10!

Fixed quality
complete & correct
Optimize cost
time & throughput

Fixed cost

price, patience, ...
Optimize IQ

1Q criteria
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2 Databases vs. Integrated Information systems
2 Motivating Examples
2 Components for IQ-driven query processing

= |Q measure + 1Q model

= |Q-driven optimization — A new paradigm

= |Q-driven integration
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Mohvaung exampies

2 Searching
= Meta Search Engines
= Information Retrieval
2 Data Fusion (Integration)
= Data conflicts
= Genome Databases
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Exampie:MersearchEngines

2 MetaGer

2 Mamma

2 MetaCrawler
= Google: Title, Summary, Descr.,Category, URL, Size
= Fast:  Title, Summary, Descr., URL, Size
= [nktomi: Title, Summary, URL
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[—'}‘ Metater, Suche nach: Humbaldk Universitat ] i Mamma meta search I % MetaCrawler® Resuts | Search Query =h... W ]

metacrawler " . sech e Soarch Enginest® Check Mal | Tools & Tips

[Ty Directory Listings  Audio™P3 lmages Multimedia Shopping Hews = Message Boards

humbolcit universitst =l
®oy Qa
Are you looking for: Hurbold: Hunsbeld: Count, Hurboldt Courky Calfornia Hurbold: Unpversit
Humbold: State Universits Humboldt Sate

MetaCrawler searches these sites:
Google = FAST = Ask Jeeves = Inktomi = About - Looksmart - FindWhat - Overture - Teoma

Meta.Search results for ! iversitat" (1 - 20 of 51) page: 1-2

Search by: Relevance | Source [ Send these results to a fiend

MetaCrawler Results  about recuns

Humboldt-Universitat zu Berlin
English version, Humboldt-Universitét zu Berlin. Studium, Forschung, Angebote Zugang ... Humbeldt-Universitit zu Berlin

H Humboldt-Universitat ... it hu-berlindef (Gosgle, Fast, Inkdemi, Looks mart Revizswed §ites) | More lice this

2. Universitatsbibliothek: der HU Berlin
Willkammen auf der Hauptseite der | der iversitat zu Berlin: Kataloge, Dienstleistungen,
\Webinfarmationen. .. hip fimus ub hu-bsrin def (Boogle, Fast, LookSmar Reviswsd Sites) | More like this

3 ftliche Fakultat der Uni itat
Berlin (Deutschland) http:fmmumivi.hu-bedinder (Sooale, Fast, Inktomi) | More like this

4.1 ftlich. Fakultat der HU zu Berlin
Die Landwirtschaflick he Fakultst der Humboldt-Unis itat zu Berlin benutzt fur ihr Webangebot die
Frametechnologie. .. httphmn.agrarhu-berlin. e/ (Gaogle. Fast, Inktom) | Mare lis this

5. edoc - Dok und Pubilikati der Humbold
edac - der Dokumenten- und Publikationsserver ist ein Serice fiir alle i der i itdat zu Berlin zum

lek hen Publizieren ihrer ... iz hu-berin.ded (G eegle, Fast, Inktemi) | Mere like this

B. Universitat zu Berlin - Fakultat

Das Gebade der J hen Fakultat, Humbold i zu Betlin, Welcome Studium LA&F Fakultat Studenten Alumni Online

Service. FEHLER. ... hitpeiivmn rem. hu-bedin. des (8 0ogle, Fast | bors |iks this
Institut fiir hathematik
Institut fior Fakultat Il iversitat zu Berlin, Uni Homepag
Allgerneines. Unser Institut hitp:fassms.mathematic hu-berlin def (Google, Fast) | Mare like this
H ldt-Universitat zu Berlin; Institut fir

7

Institut far Bit der iversitat zu Berlin Direktor Prof. Dr. Konrad Urnlauf
itptmos b hu-belin.ded (Google, Fast | More like this =
E & A OF [ | Datendberiragung von swilch stdmbcom... = == [

ELEIS=TE]
. Datei Bearbeiten Arzeigen Gehe Lleseceichen Extras Fenster Hife

b I |

s MetaGer, Suche nach; Humbeldt Universkst | ‘. Mamma meta search | MetaCravier® Resuks | Search Query = h...

Fur detaillierte Anfragen empfehlen wir Thnen die direkte Benutzung dieser Suchdienste

IR [X]

Fahoo.de 10 Treffer
Forschungspozeal 22 Treffer
Uni-Hann-Hazvere 20 Treffer
Qualil ME-Tricus 0 Treffer
Tricus 20 Treffer
Canpus-seazch.de 20 Treffer
errem 10 Tragger
Qualico.ch 20 Traggar
QualiLimk.on 0 Treggex
T-online 1z Traggar
e 2 Tresgex
Tipprp: 10 Trefger
TiERTT 10 Treffer
Gezantanzahl 156 Treffer

HINWEIS: Sie hahen SEHR viele Ergebnisse erhalten. Miglicherweise ist es sinnvoll:

+ Thre Suchanfrage m verfeinern, indem Sie weitere oder speziellereftreffendere Suchworte eingsben, oder
+ die Ergebnismenge zu verringern, indern Sie "Ausschiussworte" vorgsben Flicken Sie hisrzs die MetaGer-Tips an, und lesen dort gaf die Ziffer 3 oder
+ Sie fassen Ergebrisse zusammen, indem Sie auf der MetaGer-Startseite anklicken " Ausgabe  chistern” und gef zusatzlich "nur Kompald-Darstellung ausgeben”

Enthalten die Suchergehnisse wirklich das, was Sie suchten?
-= Klicken Sie auf "QCheck" (QuickCheck, Schnellprifing) links wor dem jeweiligen Treffer

Volltreffer: Humboldt Universitit

QCheck

hitp e berl defhumb oldt him
* (gafunden von Tricus) HUMBOLDT UNIVERSITAT Berlin MMitte Bezirke: Mitte & wurde won 1748 bis 1766 von J. Boumann nach Entwifen von Georg
Wenzeslaus von Knobelsdorff als Palais fir Prinz Heinrich erbaut & 1810 wird dieses Palais fir die von Wilhelm von Humboldt gegrindete

Volltreffer: Humboldt Universitit in Berlin

QCheck

hittplfwrvrw keeichel Augberlinhumb oldt hirnl
* (gafunden von Tricus) Sehenswirdigkeiten in und um Berlin HUMBOLDT UNIVERSITAT in Berlin Die HUMBOLDT UNIVERSITAT in Berlin wurde 1748
1766 als Palais fir Prinz Heinrich, einen Bruder Friedrichs des Grofien gebaut. 1809 wurde das Gebaude der Universitat ibergeben, die 1943

(@ (@ A OF B) | Datenibertragung von switch atdmt.com [ [ == [P




. Datei Beatbelten Arzeigen Gehe Leseseichen Extras Fenster Hife
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|humbu\dl Go mamma!

I»

& Web (" Mews (~ Images ( Audic (* Kids  Power Search

Search Tips | EAQ » Submit your Kewwords

The Mother of All Search Engines™

P maMMa's meta-search results - about these results ¥ refine your search

Search Results 1-15 of 72 for humboldt 12345 [Next] Humboltt Courty

1. Humboldt State University Front Page - ... About Hurmbaldt. Admissions. Alumni. Athletics. Calendars Alexander Yon Humbolet
Depariments. Employment. . Humboldt State University is part of the California State University system

‘School District

[%¥oogle, Looksmart Direstory, Teoma, MEN ] htty humbeldt.edy Humbolett State University
2. County of Humboldt - Site Map ... Humboldt County Government .. About Humboldt County . About Toiyabe National Forest
Hurmboldt County. Doing business with the County. Child Suppont Services. Humibalet Courty California
[%oogle, Teoma, MSN, Business.com ] httphwwy.co humbeldt ca.us
Humboldt County Guide: HumGuide / Index - A guide to web sites in the redwood country of Humbaoldt
County, California, including jobs, real estate and tourism infarmation.
[ Teama, Open-Directory, M3H | httphmm.humguide.com

Humboldt University of Berlin - Main website - Links to information on study programs, research, and

i departments of the Humboldt UniversitAat zu Berlin. Limited English-language information
[ %o0gle, Open-Diractory ] hittp:iimhu-berlin, derindexe. htm|

Humboldt University
Humboldt State

w

.

@

IC Hotels Group - Holiday Inn Berlin-Humboldt Park Hotel - Use this official reservations site to book
a hotel room at the Holiday Inn in Berlin-Humboldt Park, Germany. Offers details about the Priority Club
rewards program

[Losksmart, L 1 hitp: s, 2_IAT, [Sponsored Source Listing]
Humboldt, 1A Hotels - Expedia.com - Make hotel reservations in Humboldt, lowa. Check for availability
and special rates, see a list of amenities, and book & room,

[Losksmart, L 1 hitpirslick. atamt o [Spansored Saurse
Listing]

@™

7. ips, awards. scholar, won Hi F. dation - ... - The Alexander von
Humboldt Foundation grants research fellowships and research awards to highly gualified scholars and
scientists of all nationalities nat
[ o0gle, MEN ] hittp /s avh. defen

@

Humboldt Hotels - Hotel Locators.com - Offers resavations at hotels in Humboldt, 14, Book online and
get discounts at hotels such as Super 8

[ Losksmart, Laoksmart Direetory ] ht; himref= [Sponsared Source Listing]
Humboldt County Convention & Visitors Bureau - Come see the world's tallest trees! Eurekal You've
discovered the official website for the Humbioldt County Canvention & ‘isitors Bureau.. now discover.

[ Teama, Business.com | hitp:fuan.redwas dvisitor.arg

S & £ OF [J | Datentbertraguna ven switch atemt.cor

@

=

Hi0I0 MerasearchEngine

hitp i ledtorgl (14 [ Altavista ] @ [ Morthern Light | 1 [ Fast ] 1 [ Hotbot | 5 [ Google ] |

1COT Home Page [ Altavista | five search engines found this page
ICDT Home Page [ Morthern Light |

ICDT HomePage | Fast |

1CDT HomePage [ Hotbot | the descriptions differ

ICDT HomePage | Google |

+ Download your FREE evaluation Cgp( auscomp.com.., [ Altavista |

Is\amlc Cemre for Developrent of Trade. Islamic Centrg for Developrment of Trade web site was built
to facilitate your business and trade with OIC, Trade. /[ Northern Light ]
BusinessOpportunities|EconormicOperators(TradeGuides|Events&F airs|Indicators| Statistics|Publications
Islarnic Centre for Developrment of Trade has built this web site to facilitate your business and trade
with OIC member states. For Members and NFP | Fast |
BuginessOpportunities|EconomicOperatarsTradeGuides|Events&F airs|Indicators| Statistics|Publications
Islamic Centre for Development of Trade has built this web site to facilitate your business and trade
data IC member states. For Members and NFP .. [ Hotbot |
conflict * es|EconomicOperators[TradeGuides|Events&F airs|indicators|Statistics|Publications
: Centrg hias built this web site to .. [ Google |

071901299 [ Altavista | 071941999 [ Morthern Light | 1/18/2000 [ Hotbot ] size Gk [ Altavista ]
8k [ Google | language English [ Altavista | category Mon-profit site [ Northern Light | rating 54%

[HorhorniLght] different aftributes from different engines
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Examnie:
0 ioriniormationRetreval

© Quality in IR is an old concept
= Quality = Relevance
o 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).

2 Relevance defined by user.
o Precision vs. Recall

g’-z;” Q;.» 20.10.2003 Felix Naumann - Humboldt-Universitat

Examnie:
Igoriniormanonketteval

2 Apply IR ideas to IIS
= Parts of IS are documents anyway
= Web-pages are documents
2 Relevance as another 1Q dimension
= Existing measures and techniques
2 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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=l

a, bl _

=>a, b] i
Meaning of - =3 cd Conflict-
i 5 .

Resolution

+ Sourcel —
| 0} gl b =
# Source2 — 'a, b
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ExXampie:natakusion

D

0766607194 [H.Melvile | 8398 &

0766607134 | Herman Meivig [ Mootk [$599 = |

I:ﬁ These are IQ considerations!
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Example:Datakusion  [yradm

2 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

¥ 20.10.2003 Felix Naumann - Humboldt-Universitat
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DT DASMAR-Z000 (Rl 63, Last spdated, Versios 2 Date of creation and last update
S Genome databases | ——————
today -
= |dentification of
redundancy very ;
difficult (no standard § s
representation) 7 =
= No 1Q metadata,
= only human-
readable annotation

= Some annotation on
methods used

ordaca: Cranistar Vertebratas Eutelecscomi; Mamsalia: | Chrganism

Asticle the sequence
was peblished in

RNA sequence entry from



2 Databases vs. Integrated Information systems
2 Motivating Examples

2 Components for IQ-driven query processing
= |Q measure + 1Q model
= |Q-driven optimization — A new paradigm
= |Q-driven integration
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optimizel0!

Fixed quality
complete & correct
Optimize cost
time & throughput

Fixed cost

price, patience, ...
Optimize IQ

IQ criteria
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——rwr

NNEWOptimzationParadione
many l}llanges

2 Cost criteria <=m) > Quality criteria

o Cost model <= > Quality model

© Optimization algorithm s > Optimization algorithm
o + Information integration

Felix Naumann - Humboldt-Universitat

DB Cost Criteria

2 Response time

2 Execution time G
2 Latency

2 Throughput

2 Cardinality

-\

Assessed through system parameters and statistics.

SR>,
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IS OualityCritena
IQ :=

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

Robert Pirsig
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IS Quality Criteria

= {Understandability, Reputation,
Reliability, Timeliness,
Availability, Price,
Consistency, Coverage,
Response time, Density,
Completeness, Amount,
Accuracy, Relevancy, ...

. ",';@”' 20.10.2003 Felix Naumann - Humboldt-Universitat




10 Criteria [classical)

2 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
= |mprovement:
- Often: Deletion
- Better: “Data Scrubbing”

2 Response Time
= Definition:

- Usually: Time until complete
query result is received

- For integration: Latency
= Assessment:

- “Cost Calibration”

- Continuous assessment
= |mprovement:

- Source selection

— Classical optimization

- Federated Optimization

Felix Naumann - Humboldt-Universitat

0 Crtenarinew!

> Completeness
= Definition:

— Coverage: Number of real world
objects represented

— Density: Number of attributes
covered

- For IIS: NULL-values
= Assessment:

- Sampling

— Existing Metadata
= |[mprovement:

- Source selection

- “Bestk” 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

= |[mprovement:
- m

Felix Naumann - Humboldt-Universitat




IS Quality Criteria

= {Understandability, Reputation,
Reliability, Timeliness,
Availability, Price,
Consistency, Coverage,
Response time, Density,
Completeness, Amount,
Accuracy, Relevancy, ...

Assessed in 3 classes...

Felix Naumann - Humboldt-Universitat

10 Assessment

2 User

Information source: S;  S» S;
Understandability

7
Reputation 5
Reliability 6

Age 30

Availability 99 60
Completeness 1 05
Response Time 0.2 02 0.2
Accuracy 99.9 99.9 99.8
Relevancy 60 80 90

’20.10.2003

= Questionnaires

2 Information Source
= Parsing
= Metadata

= Query Process

= Time
Measurement

Felix Naumann - Humboldt-Universitat




RETURN(1) 1.95 '

DB Cost Motdels TeBow 19
SORT(3)1.95

MEJOIN(4) 1.95

2 Operators
= + (add)

® Max (TBSCAN(S) a) (FILTER(E)D.H)
' i 1

= X (mU|t|p|y) (som(a) a) (TBSCAN(B) 3.55)
i i

(TBSCAN(?) a) (somm 0 3.55)

SOURCES PROFESSOR | TESCAM(T1) 3.65

SOURCES STAFF

Felix Naumann - Humboldt-Universitat

IS Ouality'Moilel

2 2 Problems
= Many Dimensions 222,22, 2 7
= Multidimensional ongg:gitr;?s
L S,

(?,2,2,2,2,2,2,?)  (95,0,0.7,1,99.95,60,38,3)

Up B 25 80 Sy 5g Y

NN

(95,0,0.7,1,99.95,60,48.2,0) 9,0,1,0.2,99.9,80,52.8,0)

aggregated
1Q-vector
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Mergelvin mam_r{limensions

IQ Merge Functions
Availability: AxB
Price: A+B
Response Time: max[A, B]
\Coverage: Sylvester ) R, 1,1,99.8,28.8,76.06,3)

1 2
§51,0,0.7,1,99.95,60,48.2,0) ¢£10,1,0.2,99.9,80,52.8,0)

Felix Naumann - Humboldt-Universitat

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

o 1Q-criteria have 2 So...
= Different units = convert
= Different ranges = scale
= Different importance = weight

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

7 20.10.2003 Felix Naumann - Humboldt-Universitat




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

= |Q measure + IQ model

= |Q-driven optimization — A new paradigm

= |Q-driven integration

! ¥ 20.10.2003 Felix Naumann - Humboldt-Universitat

B=lyne opumizaton

2 Goal
= Minimize response time
= Maximize throughput
2 Restrictions
= Complete
= Correct (not just accurate: filter conditions...)

Find best plan!

! ¥ 20.10.2003 Felix Naumann - Humboldt-Universitat




B-Iynelopiimzaton

SELECT name, company FROM emp, comp
WHERE emp.complD = comp.ID AND emp.salary > 1000

‘ n(name, company) ‘ ‘ n(name, company) ‘

o(salary > 1000) [1(compID=ID)
[J(compID=ID) I ’ o(salary > 1000) ‘

emp

! ¥ 20.10.2003 Felix Naumann - Humboldt-Universitat

B=lyne opumizaton

‘ n(name, company) ‘

[](compID=ID)

| o(salary > 1000) |

‘ emp_1 H emp_n H comp

N ¥ 20102003 Felix Naumann - Humboldt-Universitat




B-Iynelopiimzaton

‘ n(name, company) ‘ ‘ n(name, company) ‘

[J(compID=ID) [J(compID=ID)

| o(salary > 1000) | '
% | o(salary > 1000)] ofsalary > 1000) |

| empi || empn | | emp_t || empn |

a’-:;’:“,."r 20.10.2003 Felix Naumann - Humboldt-Universitat

IIS-lype opumzanon

|_ntname, compary) | 2 Change is efficient

2 But: Result can be
incomplete.

[1(compID=ID)

| o(salary > 1000)] o(salary > 1000) |

‘ emp_1 H emp_n ‘

2 Preferences? Quality!

-«"’,’Zva”{ 20.10.2003 Felix Naumann - Humboldt-Universitat 42




IS Iypeopiimzaton

2 Goal
= Maximize information quality
= Maximize completeness
2 Restrictions
= Price
= Bandwidth
= Time (user patience)

Find K best sources — Find best K sources

= 20.10.2003 Felix Naumann - Humboldt-Universitat 43

IIS-lype opumzation

2 K best sources
= Simple 1Q model, but

= Sources may not complement each other
— at tuple level (replication)
— at attribute level

2 Best K sources
= Finds optimal query result
= Uses 1Q merging

dei 20.10.2003 Felix Naumann - Humboldt-Universitét




Akirst'solition

1. Find all combinations of sources
Possibly exponentially many plans

2. 1Q assessment of each combination
Merge-functions & MADM-methods

3. Execute N best combinations
4. Integrate the results

- 3
., % 0.10.2003 Felix Naumann - Humboldt-Universitat

Aletersoiition

1. + 2. Branch & Bound Algorithm

- Quality-driven branching
- Quality-bounds

3. Execute best integrated combination
4. Integrate the results

Felix Naumann - Humboldt-Universitat




—
=
o
(=]

Generated subplans

All Plans
HiCi), B+B
] ]

| |
10 20 30 40 50 60 70 8 90 100
Average number n of sources per bucket

Instead of 50 = 6.250.000 only 550 Sub-Plans

a‘;“ > 20.10.2003 Felix Naumann - Humboldt-Universitat

2 Databases vs. Integrated Information systems
2 Motivating Examples

2 Components for IQ-driven query processing
= |Q measure + 1Q model
= |Q-driven optimization — A new paradigm
= |Q-driven integration
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patainegranoninosms

2 UNION, UNION, UNION
© OUTER UNION,
> GROUP BY

2 Cannot efficiently compute similarity.
= For object identification

= Cannot deal with inconsistencies.
= For conflict resolution

- 7
., % 0.10.2003 Felix Naumann - Humboldt-Universitat

inormanominiegranoninis

2 WHAT?
= Problem: Identify different representations of same
real-world object.
= Solution: Object identification techniques
2 HOW?
= Problem: Merge conflicting data about same real-
world object.
= Solution: Conflict resolution techniques

Felix Naumann - Humboldt-Universitat




Ohjectinenuncation

2 Domain-specific > 2

= Address data o=\ N

= Microbiological data ﬁ E -y
2 1Q weighting can help : :

2 Assumption for now NE

wl
= Globally consistent ID A ,—H A
= |SBN, SSN, URL

Felix Naumann - Humboldt-Universitat

conticrResoliton

dfmazon.com ] \

0766607194 [H. Melville | [$398 [

0

N »,ms; 20.10.2003 Felix Naumann - Humboldt-Universitat



ifr=1andy=_1
ify=1 and x # |
ife=1andy# L

else

Internal Conflict-
Resolution Function

... ‘,Jy 20.10.2003 Felix Naumann - Humboldt-Universitat

contlicrResolution

2 Numerical;
SUM, AVG, MAX, MIN, ...

2 Non-numerical:
MAXLENGTH, CONCAT, AnnCONCAT,...

o Special:
RANDOM, COUNT, CHOOSE, FAVOR, MaxIqQ,...
2 Domain-specific

Human speci- Automated speci-
fication of IQ fication of IQ

a7 20.10.2003 Felix Naumann - Humboldt-Universitat



GoniicyResolunon

/ﬁ
4 slow, up-date, complete, ...
amazon.com j \

0766607194 [H. Melville | [$398 [l

maxdlength ﬁ I@Iﬁ CmT

0766607194 | Herman Melville

Felix Naumann - Humboldt-Universitat

MaxiDiResolutomkunction

2 Per attribute

= Choose value of higher quality source.
2 Per tuple

= Choose tuple of higher quality source.
2 Per source

= Choose K best sources

= Choose best K sources

< ! d*; 20.10.2003 Felix Naumann - Humboldt-Universitat



Gonclision

2 Integration needs IQ-Reasoning

2 Quality-driven information integration needs
= |Q criteria & assessment
= |Q model
= Conflict resolution functions
= New algorithms
2 Extend DBMS?

2 Develop new IS?

Felix Naumann - Humboldt-Universitat

Questons/ rragen

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