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Motivation

« Competitive intelligence

« Take informed decisions and to correctly evaluate risks, markets,
opportunities, their and their competitors weaknesses and
strengths

* Who is my competitor?
 The lack of a M&A ontology
« Ontology structure

« 'Googling' approach

« 90% of the information needed for competitive intelligence could
be found on the Internet (Teo and Choo, 2001)

« “collective knowledge is much more powerful than individual
knowledge” (Cimiano and Staab, 2004)
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Contribution

Information acquisition from the WWW
Company recognition (training)

Pattern based relation recognition
Company synonyms and preferred terms
Filtering mistakes

Consistent ontology building

Evaluation
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Overview

P

Input Fields, - -

Annotated Snippets

,* Search Company : [Bristol Myers Squibb

Search

acquired_direct2 -
A)

) left’s

~

Crright TS|

Type a name and press Enter/Search.

Edit Pane

cales|0 and|0 management|Q objectives|O |0 |0

Mar|2 7)9 .12 2012|192 |0 |0 ZYMOGCEMETICS| 1,1 INC|1 {0
acquired|3 b3 Bristol| L -] 1 Myers| 1 Squibl| 130 -0 |0 Atlanta] O
|0 CAID 020079100 2009]9 |0 |0 Exceeded|0 1000 %4

-

Retrain Model Refresh

Add To Train Set Now

| | Add Rellation

IymoGenetics Bristal - Myers Squibb October 13 of last year for $§9.75 pear
share , and Isilon Corp. was purchased by EMC Corp. on December 21 ...

| Edit | Ont entry
Mar 7, 2012 .., ZYMOGEMETICS | INC ( Bristol - Myers Squibb ) -, Atlanta , GA
L2007 1o 2009, ® Exceeded 100 % sales and management objectives .. .

| Edit | ont entry |

Jan 11, 2012.. . and another significant "pearl ', ZymoGenetics , was acquired . Fitch does
recognize Bristol = Myers Squibb 's efforts since 2007 to strengthen the .. .

| Edit | ont entry

[Mar L, 20011 .. Previously, he was chief executive officer at ZymoCenetics lne {
EMS 3, chief scientific officer at Seattle Cenetics , and senior vice .. .

| Edit | ont entry |

lan 11, 2012.. . and another significant ' pearl ', ZymoCenetics , was acquired . Fitch does
recagnize Bristal = Myers Squibb 's efforts since 2007 to strengthen the .. .

| Edit | Oont entry

Jul 19, 2011 ... In Cctober 2010, ZymoGenetics Bristol - Myers Squibhb .

Posted by Tracy Sferra, Course Coardinatar - Email ThisBlogThis !

MIE

1]

o, ittt T e e e e T T e e e T Tt e e e e et e e T T T T e e et e e Te e e e e e T T e e et e e et e AT e e et e AT e e T e e et e T T e e T e et T et e et et Tt e P T e )

BristolMyersSquibb acquired Zymogeneticsinc

[ »

1]

Add Company |
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Overview

Bristol Myers Squibb signed definitive agreement to acquire
Bristol Myers Squibb acquired
Bristol Myers Squibb completed the acquisition
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Overview

Novartis AG - Knowmore.org
oo Enowmore.orgiwikifindex phpPitle=Novartis AG ...

8 Jul 2011 — The Company is based in Basel, Switzerland. In July 2008. Novartis AG
acquired a 25% stake in Alcon, Inc. from Nestle SA.

MNovartis AG | Private Company Financial Research | Priv€Co.com
WWW. privco.com/private-company/novartis-ag

PrivCo's M&A Activity table for Novartis AG displays the mergers and acquisitions
involving Movartis AG, for example if Novartis AG acquired or was acquired by ...

Alcon - Advanced Vision Technologies of Golden, Colorado
www.avtlens.com/#lalcon

MNovartis AG acquired its 77 percent majority ownership in a two step transaction with
Mestle S.A. In July 2008, Novartis purchased from Nestle 5.A. ...

"Switzerland's Novartis AG" Search - The Business Journals
www.bizjournals.com/search?g=%225witzerland's +Novartis. ...

When Switzerland's Novartis AG acquired Chiron Corp. in 2005, investors, city
planners, and Chiron's then-2,300 local employees were wondering what would ...
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Input Fields

Overview .

Annnl@t.etfénippels N
RN firistol Myers Squibb | ZymoGenatics Bristal - Myars Squibb October 13 of last year for §3.75 } Par sl
acquired_direct2 ¥ | Search ,+"|share , and Isilon Corp. was purchased by EMC Carp. on December 21 ., “E
® left '," Edit ant entry ‘\‘
7 right ',' Mar 7, :'”'l: CZYMOCEMETICS , INC ( Bristal - Myers Squibb J - . Atlanta , GA \‘
r L2007 1o 2009, @ Exceeded 100 % sales and management objectives ... '
Type a name and press Enter/Search. K Edit ont entry '
Edit Pane :' Jan 11, 2012.. . and another significant ' pearl ', ZymaoCenetics , was acquired . Fitch does ".
Mar|3 7]9 |9 2012(9 ..|0 |0 ZYMOGENETICS|1 |1 INC[1 0 T B recognize Bristol — Myers Squibb 's efforts since 2007 to strengthen the !
acquired|3 b3 Bristol]1 -1 Myers| 1 Squitblb| 130 |0 |0 Atlanta] 0 Edit ont entry ,
] 1
slgecsi&éﬂanlc%02?Efr!ggteorlnoeri?g?nltieguggE)Exi?)ETSdm 10010 %|4 Mar 1, 2011 ... Previously, he was chief executive officer at ZymaoGenetics Inc ( '
‘. BMS ), chief scientific officer at Seattle Cenetics , and senior vice ., | '
1 1
' Edit ont entry N
“‘ Jan 11, 2012.. . and another significant ' pearl ', ZymaoCenetics , was acquired . Fitch does S
“‘ recognize Bristol - Myers Squibb 's efforts since 2007 to strengthen the | ','
B Edit Ont entry R
Rl Jul 19,2011 .. . In Cctober 2010, ZymoCenetics Bristol - Myers Squibb . ’,"
‘Rosted by Tracy Sferra, Course Coordinator - Email ThisElogThis ! O
e PR PR P PR PSPEoeS T
Bri stnlMyEi"squihh acquired ZymogeneticsInec It -

-

Retrain Model

Refresh
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Overview

Input Fields

Annotated Snippets

Search Company : [Eristol Myers Squibb

acquired_direct2 | Search

i left
) right

Type a name and press Enter/Search.

Edit Pane

Marl@ 79,12 2012|9 |0 |0 ZYMOGEMETICS| 1 |1 INC|1 (0
acquired|s byl 3 Bristol|1 -] 1 Myers| 1 Squilbb|1 3|0 -0 |0 Atlantal O Edit ont entry
[0 CA0 020079 t0]0 2009|2 |0 #|0 Exceeded| 0 100)0 %4
sales|0 and|0 management|d objectives|Q |0 .0

Retrain Model Refresh

| ZymoGenetics Bristol - Myers Squibb October 13 of last year for $9.75 per |=
share , and Isilon Corp. was purchased by EMC Corp. on December 21 ... 1=
Edit Oont entry
Mar 7, 2012 .. ZYMOGEMETICS , INC ( Bristol = Myers Squibb ) - Atlanta, GA
L2007 1o 2009, ® Exceeded 100 % sales and management objectives ..
Edit Oont entry
Jan 11, 2012... and another significant ' pearl ', ZymoGenetics , was acquired . Fitch does
" recognize Bristol - Myers Squibb 's efforts since 2007 to strengthen the ...
Mar L, 2011 ... Previously, he was chief executive officer at ZymoGenetics Inc {
EMS ), chief scientific officer at Seattle Cenetics , and senior vice ., .
Edit Oont entry
Jan 11, 2012... and another significant ' pearl ', ZymoGenetics , was acquired . Fitch does
recognize Bristol - Myers Squibb 's efforts since 2007 to strengthen the .. .
Edit ont entry
Jul 15, 2011 ... In Qctober 2010, ZymoCenetics Bristol = Myers Squibb .
Posted by Tracy Sferra, Course Coordinator - Email ThisElogThis | -
e e T T e T T T T T T T T e T B T e T e T e T e T T B T A T T A S T T A A T T A S T T S T T A T T A T T A T T S T T A S T
/[ |BristolMyersSquibb acquired Zymogeneticsinc \,' B
Add Rellation Add Company |

Add To Train 5et Mow
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Members list finferred)

Members list

Overview

fAnnotations rUsage

Annotatic

BoneCarelnternationallLlc |

BostonMedicalDevicelnc
BostonScentificCorpBus
BostonScientificCorporat
BovieMedicalCorp
BovitrumAbAntiobesityD
BoxerAcquisitioninc
BrahmsDiagnosticaGmbh
BrahmsDiagnosticallc
BrahmsHoldingGmbh
ErasilLtuda

EraskemSa
BraunMedicallnc
BraunMelsungenAg
BravoHealthinc
Ereathltd

Annotations

synonym  [language: en]
Bristol - Myers . Squibb
synonym  [language: en]
Bristol - Myers Squibb

synonym - [language: en]
Bristol - Myers Squibb Co
SO [language: en]
Eristol - Myers Squibk Co.
synonym  [language: en]
Eristol - Myers Squibb Company
synonym  [language: en]
Bristol - Myers Squibb Company.
synonytm  [language: en]
Bristol - Myers Squibb.

wnonwim lanauane: enl

Fe

DOPPPCPP000000000000000000000000000%00 00

BridgeMedicallnc
EBridgecolnc Description: BristalMye gquibbCompany Propert, ertions: BristalMye quibbCom pany
BristolLIc
BristolMeyersSquibbPhar Types Object property assertions
EristolMyersSquibbAb Company = hasSubsidiary )
BristolMyersSquibbArgen BristolMyersSquibbEelgiumSa
BristolMyersSquibbAustr Same Individual &5 = hasSubsidiary “Conclusions
BristolMyersSquibbEelgiu = hasSubsidiary

5 f EBristolMyersSquibbFPharmaceutica
BristolMyersSquibbBv Different Individuals |SLimilE:|r q
BristolMyersSquibbCanacg

f f f = hasSubsidiary
BristolMyersSquibbCarib

- v a - BristolMyersSquibbMzLimited
BristolMyersSquibbComp| hasSubsidi

- - m hasSubsidiary
Br!stoIMyersSqu!theCo OncologyTherapeutichetworkinc
BristolMyersSquibbDeGu == hassubsidiary
Br!stuIMyersSqu!DDDuml EBristolMyersSquibbinternationalC
BristolMyersSquibbEcuad ompany
Br!stﬂlMyErSSqu!thESllf’ = hasSubsidiary
EBristolMyersSquibbFarma BristolMyersSquibbHoldings2002
BristolMyersSquibbFarma Limited
BristolMyersSquibbGmbh ™ hasSubsidiary
BristolMyersSquibbHoldi BristolMyersSquibbHoldingGerma
BristolMyersSquibbHoldi nyGmbhCoKkg
BristolMyersSquibbHoldir = hasSubsidiary
| I I ’|_ *BristolMyersSquibbPolskaSp |

Figure: Screenshot of our ontology opened with Protege 4.2 3/17



Triplet Extraction

« Triplets are property assertions stored as 3-tuples
« (subject, relation type, direct object)
« 3-step triplet extraction
« Tag companies
- Tag indicator words for relations
« Match semantic patterns

« Company annotation
« Conditional random fields (courtesy to Dr. Katrin Tomanek)
« Trained on ~2000 snippets

« 85% precision (5 folds cross validation)

 Bristol-Myers Squibb has acquired Adnexus Therapeutics, developer of a new
class of ... Bristol-Myers Squibb also acquired Medarex Inc., a biotech company
and a ...
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Triplet Extraction

« Triplets are property assertions stored as 3-tuples
« (subject, relation type, direct object)
« 3-step triplet extraction
« Tag companies
- Tag indicator words for relations
« Match semantic patterns

« Company annotation
« Conditional random fields (courtesy to Dr. Katrin Tomanek)
« Trained on ~2000 snippets

« 85% precision (5 folds cross validation)

« Bristol-Myers Squibb has acquired Adnexus Therapeutics, developer of a new
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and a ...
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Triplet Extraction (2)

e Tag indicator words
« Exact formulations are prior defined by hand
e Search expressions are a subset of the indicator expressions

» Bristol-Myers Squibb has acquired Adnexus Therapeutics, developer
of a new class of ... Bristol-Myers Squibb also acquired Medarex Inc.,

a biotech company and a ...
e Match semantic patterns
* Inspired by Hearst, 1992
e company (otherTerms){0, 5} indW (otherTerms){0, 5} company

e Check the other terms

« (BristolMyersSquibb, acquired, AdnexusTherapeutics),
(BristolMyersSquibb, acquired, MedarexInc)
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Triplet extraction (3)

« Whole snippets (like in the previous example)
« Contextually decomposed snippets

« “Merial, the Animal Health division of Sanofi, has acquired
NewportLaboratories, a privately held company based in
Worthington, Minnesota.”

« Context O: Merial has acquired NewportLaboratories.
« Context 1: Merial the Animal Health division of Sanofi
e Context 2: Worthington, Minnesota

o Context 3: NewportLaboratories, a privately held
company based in Worthington

« Courtesy to Elmar Hausmann
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Ontology building

e Structure

e 1 Class

« 4 relation types acquired, hasSubsidiary,
hasMergerPart, holdsSharesBy

* Main problems

 |dentity matching (Novartis = Novartis AG)
 |njectivity violations, cycles, incorrect/incomplete information
e Entity tagging problems

7117



ldentity matching

 |dentification and merging of different name variaitions
which refer to the same individual e.g.

(AbbottLaboratories, acquired, KosPharmaceuticalCo);
(AbbottLabs, acquired, TapPharmaceuticals)

» Assign synonyms & preferred terms

NovartisPharmaceuticalsCorporation: NovartisPharma,
NovartisPharmaceuticals; NovartisAg: Novartis

Group names by root, get suffixes, assign preferred &
synonyms

Based on the number of hits
Restriction: preferred terms always have a company suffix
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Other Issues

Named entity filtering
Triplet filtering
o treeSize_parent [ treeSize_child < 0

o hits_parent [ hits_child < a

« (JohnsonSoninc, acquired, BayerAg) and h_JohnsonSoninc = 35,600 ,
h_BayerAg = 2,790,000; st _JohnsonSoninc = 1 and st_BayerAg = 40

Check for cycles

= . = . = = = .-"'---Jf- HH
Solve potential injectivity violations ]
« Choose the most specific triplet (deepest leaf) Ni‘“‘w scurea K
MowvartisAnimalHealth
« Prioritize companies with suffix amir;ﬁ\\\‘ .
« Occurence number of the triplets VericoreHoldingsLimited

- occNo(triplet i) | occNo(triplet_j) > 5
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Evaluation Measures

« Standard precision, recall, F1 score
* The triplet-wise recall is a self made measure
« Important that a triplet is retrieved, but not that it is retrieved
from every single snippet in which it occurs

« Aprl, 2009 ... Sanofi acquires Brazilian generics firm Medley for 500mm
on Strategic Transactions , Apr-01-2009 . (snippet 1)

- (Sanofi, acquired, Medley)

« Dec 21, 2009 ... Sanofi has acquired generic - drug makers HelvepharmAg
of Switzerland, MedleySa of Brazil and LaboratoriosKendrickSa of
Mexico,... (snippet 2)

- (Sanofi, acquired, HelvepharmAg)
 T-wrecall =2/3

e Standard recall = 2/4
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Evaluation: Triplet extraction

We used 500 hand annotated snippets as gold standard.

all
Precision 84.97 %
Recall 58.10 %
F1 score 69.01 %

Triplet-wise recall 86.21 %

acquired
82.93 %
61.26 %
70.47 %

hasSubsidiary
87.21 %
59.06 %
70.42%

Tablel : Evaluation of our triplet extraction with contextual sentence

decomposition of the snippets.

all
Precision 82.52 %
Recall 67.46 %
F1 score 74.23 %

Triplet-wise recall 92.96 %

acquired
85.39 %
69.09 %
76.38 %

hasSubsidiary
82.86 %
70.16 %
75.98 %

Table2 : Evaluation of our triplet extraction an whole snippets.
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Co-occurence

« The simple co-occurence takes all pairs of entities in a snippet as positives.
« (NovartisAG, AlconInc), unordered

« The typed co-occurence also takes into account the difficulty of relation type
disambiguation and subject/object identification.

e (NovartisAG, holdsSharesBy, AlconInc), (NovartisAG, acquired,
AlconInc), (NovartisAG, hasSubsidiary, AlconInc), (AlconInc,
holdsSharesBy, NovartisAG), (AlconInc, acquired, NovartisAG),
(AlconInc, hasSubsidiary, NovartisAG)

« Lower limit for precision and a upper limit for recall

Measure Simple co-occurence Typed co-occurence
Recall 80.55 % 80.55 %

Precision 31.96 % 5.56 %

F1 score 45.77 % 10.40 %

Table3 : Co-occurence results on whole snippets
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Ontology evaluation

Evaluated Correct Irrelevant False
relations

all 77.83 % 12.97 % 9.19 %
hasSubsidiary 93.9 % 3.66 % 2.44 %

Table4 : Ontology evaluation on 300 “child” companies owned by 4 parent companies

e Correct: Acquisitions, subsidiaries or divisions which could be found on
official web sites

 Irelevant: entity tagger problems e.g. AtPhadiaUsiInc, DoelngallsincMore
or incomplete names

e False: No relevant evidence could be found

Costs:

« On average ~2 gueries per ontology entry

« Worst case scenario would be 8 queries per entry (2 test queries and 4 normalization
gueries)

« 5% for 125 triplets
13/17



Patent Use Case

Broccoli is a semantic search engine which combines full text search
and ontology search

Developed by Prof. Bast's group
1.5 Mio European patent documents from MAREC database
Simple entity recognition, contextual decomposition

Our company ontology and YAGO ontology

Example of possible query formulations:

What patents are assigned to Company X and subsidiaries?

On which proteins does Company X work?

Which patents about protein inhibition are held by private persons?
(instead of companies)
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Patent Use Case (2)
®eroccoli

Your Query:

Debug Log

Patent (Document) *

has-occurrence-of % — inhib* — Protein *  +

has-applicant * —| Organization *
owns (reversed) * — Pfizer Inc *

Hits: 1-1ofl

EP-0291173-A3
YAGO Ontology

v Classes: EP-0291173-A3 has-applicant Embrex_Inc.
:
Social Group @) YAGO Onto!ot y o
Embrex Inc is a Qrganization.
Group @ YAGO Ontol
: 1AL Untology
Abstraction 1) ntotoc
Entity Embrex_Inc owns_(reversed) Pfizer_Inc.
EP-0291173-A3: METHOD OF TREATING A BIRD'S EGG WITH AN IMMUNOGEN AND EGGS TREATED THEREBY
1-40f4

protease inhibitor.
YAGO Ontology
Protease is a Protein.

YAGO Ontology
EP-0291173-A3 is a Patent (Document).

v Instances:

http://filicudi.informatik.uni-freiburg.de:6222/BroccoliPatents/

Which regulation methods patented Company X?

15/17



Further Work

Use a statistical model to evaluate the
“trustworthiness”of a snippet (URL, writing style)

Use a model to assign probabilities to already
extracted triplets (“trustworthiness” of the snippet,
occurrence number, hits number)

Use more relations
Solve temporal issues (i.e. reacquisitions)
Completely automatize the process
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Conclusion

* 92.9% triplet wise recall shows that the information In
snippets Is accessible to extraction tools despite their
structure and poor grammar

» given the (overall) unreliable nature of the information
on the Internet, filtering techniques are needed

<10 % false relations in our ontology shows that even
simple tests and conflict solving approaches such as
ours can be efficient
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Thank you!

For your advices, time and attention.
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