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Entity View of the World

= Data Is prevalent

— Business Data:

« Company filings to regulatory bodies
« Security market (e.g., stock, fund, option) trading data
* News articles, analyst reports, ...

— Government Data:

« US federal government spending data, earmarks data
« Congress data (voting, members, ...)

= Users and applications prefer an entity view of the
underlying data

— Entities (Companies, People, Securities, ...)
— Relationships (Employment, Investment, Ownership, ...)
— Events (Mergers, Acquisitions, Bankruptcy, Appointment, ...)
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Sample questions posed over the entity view

Questions posed over Business Data

= Which public companies currently share one or more board member?

= Which high-level federal government officials moved between federal government
and industry recently?

= How has Berkshire Hathaway’s investment profile changed recently?
= How has bank lending to small businesses changed over time?

= Which companies do business together a lot (e.g., banks making joint loans to
other large institutions) ?

Questions posed over Government Data
= What is spending by each government department for each geographic region ?

= How many (or total value) earmarks in 2009 were solely sponsored by Republican
(or Democrat) congress members ?

= Who are the Top k congress members with the most number of earmarks tied to
the Department of Defense ?
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Why do we need entity integration ?

= A significant portion of business data is in unstructured format

= Financial service firms use manual methods to analyze regulatory files,
news articles etc.

— Error-prone, cost ineffective, not scalable

Errors made while manually converting corporate actions information into electronic format annually cost financial services firms
from 5400 million to $300 million a year, according to UK. consulting firm Oxera.

However, a company's respansibility ends once it releases its announcement and makes any required filings. “The issueris
obviously concerned if there is an error in the redistribution of that infarmation, but the fact is, any redistribution is not the issuer's
responsibility,” Morgan said, adding that company press releases are not regulated so companies won't be required to put them

in XBRL.

= Users have to “search” data sources to obtain answers

— Hard to answer questions that need to

« combine facts from multiple places of the same data source or multiple data
sources, or

« aggregate all data with certain properties
— For each question asked, manual post-processing of related facts is needed
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Business Data Is exchanged frequently in unstructured format

Unstructured data
(text/html/paper formats)
are predominant
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Complications in understanding multiple “related” facts

Oracle Corp. [ORCL)

MoRE ON DROL

—
2cal Time

Insider Transactions

WET SHARE PURCHASE ACTIVITY
Inskdsr Purshasss - Loal & Monfa

Abars

5 Lrans

TRADET
FREE::.«

T

Om Ao 15: 2266 # oz e

3

[ amErrraaDE

Szl Imyider Tremection fzr: [GO]

Crwrmmra hip
Majer Holdcra

IPLn:h:uu

Eales SE5L, 100 13
et Shares Purchased
V5,552,100 13
(Soid) : !
Toral insider Shares Held 1188 B
% Mat Shares, Punchssed .
L= ] BA
fr 0.55)

et Insithstional Purehasss - Pricr O o Lalcal G

et Shsres Purchsssd
Sl

% Change In insSiutional Shares Held

(39,338,500

Ehares

1.25%)

Duala provides By Thommon Moanca

IH BIDER TRAN BACTION 8 REPORTED - LA ST TWD YEAR 2

Dans e

Aug 4, 2010 SPLAIN MICHAEL E
==

Aug 4, 200 FOWLER JOHM F
=i

S2 Direct Acguisiion (Mon Open Marice?) at
FI4 42 Eia- N

33 Direct | Acquisiion (uon Dipen Mare?) a7

Purchase numbers and number of transactions differ
across aggregate report and individual transactions list

BE0E
S24 49 per share

¥ Inaidficr Trasmaciicna
lemder Sesi=r
rinoncick
Imzzee Mstemmen
Salames: Sheet
Caal Hew

Jull 30, 2010 | SPLAIN MICHAEL E
=

il 30, 2010 | ECNLER JOHM F
==

Jull I7, 2010 FOWNLER JOHM F
=

Jud 26, 2610 | ROTTLER JUERGEN
==

-l 76, 218 | ROTTLER JUERGEN
==y

Juil 19, 210 ROTTLER JUERGEN
=

Jul 19, 2010 ROTTLER JUERGEN
=

Jul 15, 2010 PHILLIPS JR
CHARLES E

i

Jul 15, 2010 PHILLIPS JR

455 Direc  Disposiion (don Open Maree?) a7 511.018
3535 Dirsct Disposiion (Mon Open Marked) ot S55,002

1523 Direct  Disposition (Non Open Marie?) &7 5352

250,000 Direct

250,000 Direct

250,000 Direct

2500000 Direct

3,500,000 Direct

3,500,000 Direct

2354 per share.
FITUS4 per share.

24 5T per share.
Option Exercise &t 82073 per | 851
e

Sale ot 524 55 per share BE.ETE00

Option Exercise ot 521.04 per 260,000
shane.
Sabs o 52559 par share. BTS00

Option Exerciss at 514 57 - NA,
E21.04 |par shane.
Ealle ot BIZ B2 par BEZEE0.000

CHARLES E
e
Jul 32010 MEISLER LUE 3500 Direct  Purchase at 523 14 per share BE0590 I
Sificar
=
Jul 2,200 AU YEUMG STEVE 13355 Dirsc Enanement of Ownershilp LA,
=
Jun 23, 2010 CATZ SAFRA TSO000 Direc: | Awmomatic Sabe of §21.56 per | §16485,000
i shure
Jum 23, 200 DALEY DORLAM 32500 Direct | Opilon Exercise st §12.34 per 401 050
= shane.
JUN 23, 2010 DALEY DORLAN 2500 Direct | Awnomatkc Sabe & E22.06 per BT1E.350
i ks
» -
- -
-
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» Aggregate Data and individual transactions list

provided by different data providers!!

» Possible semantic differences on what is a
purchase across the data providers

» Understanding multiple facts can be complicated
even on a single document !!
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The Value of Entity Integration

- SEC Data

*

. FDIC Data

Integrated ﬁ
@ Entity Data ?

Private
Data

Data

= Obtain an entity view of the world

= Entities, relationships and events are represented as structured objects

= Can answer complex questions over the Integrated Entity Data:
— Which public companies currently share one or more board member?

— Which high-level federal government officials moved between federal government and
industry recently?

— How has Berkshire Hathaway'’s investment profile changed recently?
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Example: Government and Corporate Positions

Questions we can answer by extracting the Technical Challenges:

employment history of key financial officers:

= What are the (past) government positions
held by directors of different companies?

= What is the employment history of key |:>
government officers?
= How significant is the interlock between

companies receiving TARP funding and
government officers?

Citigroup’s Proxy Statement filed on April 22 2008

Extraction of current/past positions from biographies
and appointment/resignation of special officers

Entity resolution of person and companies mentioned
in the biographies (and other locations)

Fusion of employment history,

Selection of government positions from the

employment records

Examples:

| Robert E. Rubin | Chairman of the Executive Commirtee
Cirigroup Inc.

I — A 2 1
= Secretary of the Treasury of the United States — 1993 to 1999
+  Assistant to the President for Economic Policy — 1993 1o 1985

Chairman of the Executive Committee, Citigroup Inc. — 1995 to present

= Robert E. Rubin: Former Secretary of
the Treasury and Former officer in
/ both Citigroup and Goldman Sachs.

= Arthur Levitt: Former Chairman of the
SEC and officer in AlG.

YT

* Vice-Chairman and Co-Chief Operating Officer — 1987 to 1880
* Management Committee — 1980

+ General Partner — 1971

* Joined Goldman, Sachs & Co. — 1966

Bl

* Co-Semior Partner and Co-Chairman, Goldman, Sachs & Co. — 1990 1o 1592

AIG’s Proxy Statement filed on April 05 2006

In July 2005,

Arthur Levitt, a former Chairman of the Securities and Exchange Commissionjwas
named a special advisor to the Board of Directors and the Committee. Mr. Levitt has worked closely with
the Committee advising on corporate governance initiatives and possible independent director nominees.

9 NFIC 2010
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How to Bridge the Gap?

Multiple Raw Unstructured Datasets = Consolidated Entities?

Core Technology Requirements for Understanding Unstructured Data

= Information Extraction
— Information is present in multiple formats (e.g., Text, XML, HTML)
— Extract entities, events, relationships from unstructured documents

— Unstructured data = Structured data

= Entity Integration

— Resolving mentions to same real-world entity across filings
— Normalize and cleanse extracted values

— Aggregate related facts extracted from multiple filings

= Scalable Architecture

— Millions of documents of varying size and format

— New documents arrive daily

Above challenges to handle unstructured data sources are complementary

to issues discussed in earlier talk by Prof. Felix Naumann on “Web Data Integration”
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Midas Architecture: A Detailed View

Core Extraction & Integration Technology: Platform:

Developed over 5 years in IBM Research

= |Integrate core technology with Hadoop

Deployed and validated in multiple IBM products =  Drive large volume of data through extract and

integrate stages

= Refresh incrementally and continuously

Applications

Analytic +
Search Ul

Domain-Specific
Applications

Healthcare

Finance Telecom Government

Insurance |

Midas

Crawl —» Extract

Local _ Global |_’ Map/Fuse —» Temporal

Extraction & Integration Flow

Resolve Resolve Analyze
\ Local Global Temporal
Resolve Resolve Map/Fuse [=» Analyze

Platform

Nutch

Jagl + SystemT DB Export

NFIC 2010 8/14/2010

Hadoop (Map/Reduce)
Distributed File System _

Cognos :
Reports =¥

Analytic
DB

© 2010 IBM Corporation




Use case : Midas Financial Insight

Entity Integration Over Financial Data

Other Data
News I e Extraction and cleansing of financial data and linking

Fi ial Inf ti NEWS information across multiple sources
inancial Information . . . . o
Providers » Uncovering non-obvious relationships between organizations
\% » Computation of key financial metrics using data extracted
ne

Internet — blogs, onli from multiple sources of public data
discussions, boards

| )

rds )
- Midas
SEC Filings Financial
OTS Thrift Insight

Financial Records

= Loan officers
e Credit Committees
* Regulatory analyst

Controlled < Analyst for financial data services

Data e Investment Banker

Specific data e Individual investor

requests between
transaction parties
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O Information Extraction

Local Global _» Map/Fuse |—» Temporal
/ Resolve Resolve Analyze
Crawl |H
Midas Local Global | Map/Fuse —» Temporal
Extraction & Integratio Resolve Resolve Analyze
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Example: Extraction of loan information data

Extract and cleanse information from headers, tables main content and signatures

$800,000,000
CREDIT AGREEMENT
(364-DAY COMMITMENT)
dated as of June 12, 2009

l[ Among

Lenders:

CITIBANE. N.A. as Agent and

1
THE CHARLES SCHWAB CORPORATION

! and ~

1 ~

CITIBANKE, N.A,
as Administrative Agent |

T ~
1

THE OTHER FINANCIAL INSTITUTIONS PARTY HERETO~ R
1

\ and S

~

S e e

. UBS Loan Finance LLC
. Comerica Bank
2. Llovds TSB Bank plc

LENDERS' COMMITMENTS

Lender Commitment Amount

Citibanl, N.A.

JPMorgan Chase Bank, N.A.

Bank of America, W.A.

PNC Bank, National Asszociation

Wells Fargo Bank, National Association
Credit Suisse, Cayman Islands Branch
The Bank of New York Mellon

Calyon New York Branch

State Street Bank and Trust Company

L
=3
a BBl s

LI LA LA LA LA LT LA L L LA LA LA

90,000,000

£0,000.000
£0,000,000
£0,000.000
60,000,000
60,000,000
60,000,000
60,000,000
30.000000
30,000,000 ,
’

’
The Charles Schwab Corporation 5800,000,000 Credit Agreement (364-Day Commitment) dated as of June 12, ’ B_‘-"Z

individually as Lender

Maureen P. Maroney

, Name: Maureen P. Maroney
)/ Title: Vice President

)/ JPMORGAN CHASE BANE, N.A

7
/ Bv:,’ Cathenne Grossman

-/ . B
N Wame: Catherine Grossman

N II’itle: Vice President
A} 7

N /| BANK OF AMERICA N.A

\ / 7’

7/
4. Bv,’ Gasfield Johnson

SN l,"‘agne:{}a.tﬁeldJohnson

00.000.00f
/

\ . . - R
’ >:l'1t1e: Sendor Vice President
/

Credit Agreement % June 12, 2009

$800,000,000

Loan Information

~ / .
< Charles Schwab Corporation Borrower \\
~ / ’ Vi Ay
S II /I ’ \\
k 7 ’ N
1 Citibank, N.A. ’ ., Administrative Agent AN
/ Vi 4

7 ’ l

1 Citibank, N.A. P I’ ,’ Lender $90,000,000
’ ,,
7

1 JPMorgan Chase Bank, N.A.’,’ Lender $90,000,000
1 Bank of America, N.A. " Lender $80,000,000

Notes: Documents filed by Charles Schwab Corporation On Aug 6, 2009

Loan Company Information
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Example: Extraction of person information across documents

Do these filings refer to the same person ?

1
1

Who Is James Dimon?
L——l ommittee
\ membership

1

= variability in the person’s name . o
: - position /
| | 1 . \
lack of a key identifier ; /history
= supporting attributes vary depending on the context (form type) ! \ z
J Camgpensation Corporage’,
. - i 1 & Gavernance \
Sincerely, Pt y | Mamagement & \ Public Rivk
Director o2 ' Awdir + Develsgmens  Nowmunaring ° Responsibilin Policy
Crandall C, Bowdes /' Member v
Stephen B. Burke ) 1 Member Member
/ _--David M. Cote g ; H;her Member
Dyt -7 James §. Crown g ] M¥nber Chair
W "’,f’ ﬂm‘?s on N ’II EDJD
A ¥ (= ] 5 IVIETRDET v el
James Dimon \ L '
: : ) > Stock awards' Optisn awards -
Chairman and Chief Executive Ofl ,,’ = o
i shares of | Number of :
) stk or | securities Exgreise Grane date
Appreval ; |’1'J underiying price Juir
Nams Grant duote diglee wnies (%)Y onfions (2 {35k} value {3}
[ James Dimon 1/22/2008  1/19/2008 3&,1143 514,500,000 ]
o S—1 y’j.- 2008 Y OO0 5308 TR 000
Michael J. Cavanagh 172272008 1 ;&j-'zﬂus 94,151 3,750,000
172272008 1/15/2008 ! 300,000 30830  2.080.200
1/30/2008 ; N/A ! 54271 47835 360,577
/3072008 NiA H 10,623 47.835 01.821
Frank J. Bisignano 1/22/2008 / 1/15/2008 04,151 3.750.000
1/22/2008 / 1/15/2008 g 300,000 30830 2080200
Il
||

r

| 4

James Dimon, 53, Chairman and Chief Executive Officer of JPMorgan Chase. Director since 2000,

a.ﬂd Chief Operating Officer since JPMorgan Chase’s merger wﬂ:h Bank One Corporation in July 2004. At Bank One he had been Cha.u'man a.nd Chief Executive Officer
sitice March 2000, Mr. Dimon is a graduate of Tufts University and received an MBA from Harvard Business School He is a director of The College Fund TNCFE and
serves on the Board of Dhrectors of The Federal Reserve Bank of New York, The MNational Center on Addiction and Substance Abuse, Harvard Business School and

Catalyst. He is on the Board of Trustees of Wew York Undversity School of Medicine

8/14/2010
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= Entity Integration
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Resolving Person Names: An Example

1. Build an authoritative list of insider names for each List of insiders for Bank of America
company based on insider filings & Merrill Lynch
2. Compare extracted name references from other
filings to entries in the list and merge data to the BANKS, KEITH T.
closest match. BRAMBLE, FRANK P. SR.
COLBERT VIRGID

GIFFORD, CHARLES K.

HAMMONDS, BRUCE L.
busineas experitnca and directorships HANCE, JAMES H. JR.
(Tohn A. Thain |

Chairman of the Board and Chief Executive Officer of Merrill Lynch & Co., LEWlS, KENNETH D
Director since December 2007 MONTAG. THOMAS K
g o

Chairman of the Board and Chief Executive Officer of Merrill Lynch & Co_,

MOYNIHAN, BRIAN T.
Chief Executive Officer of NYSE Euronext, Inc., and its predecessors, whi
{ties exchanges and offers financial products and services, from 2004 PRU EH ER, JOSEPH W.
President (frof 9 to 2004): Chief Operating Officer (from 2003 to 2004) ROSSOTTI. CHARLES O.
{from 1999 to 2003} o Goldman Sachs Group, Inc.. a financial service !
Other Public Company Directorship8lackRock. Inc. SARLES’ H. JAY
~_ SLOAN, O. TEMPLE JR.

Upon completion of the merger, the board of directors of Bank of America will consist of those directors serving imme . TILLMAN ' ROBERT L
completion of the merzer and three directors to be mutually agreed upor by Bank of -'unenca atid Metnill Lyvnch from among the p THAIN. JOHN A
d:.rector of Merrill Lynch immediately priot to TS EImCIpated that upon completion of the m ! )
obal Banking, Securities and Wealth M a.nagement for the combined company. Itis also anticipal

However, not all real-world cases are as simple...
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Entity Resolution: Context Is Important

Kansas City Life Insurance Proxy Statement (DEF 14A) List of insiders for Kansas Life
Insurance

Mr. Eixbv is P‘residenr_ CEO a.ﬂd Cha.u’man nf'the Bnﬂw
= 317 547 1] o s Procidasit 147 R4 - qeﬂinf 3 BIXBY, R. PHILIP
] Wi ; 3 i ST » BIXBY, WALTER E.
Mr. Embv is Vice Chairman of the Board. HE was elected Assistant Vice President BLESSING, WILLIAM BIXBY

Bod of the Company in 1983; Vice President, Marketing in 1990; Vice President BRAUDE, MICHAEL
Bixj Marketing Operations in 1992 and President of Old Amencan, a subsidiary, in COZAD. JOHN C
Am| 1996, Mr. Buby is the brother of R. Philip Bixby and the cousin of Nancy Bixby ' '
Hu : : : - > HUDSON, NANCY BIXBY
Fuf Ms. Hudson res-beerra Ditector of the Company since 1996, KNAPP, TRACY W.
on is an investor, and is the cousin of F. Philip Bixby and Walter E. Bixby. | | COZAD, JOHN C.

She also serves as a Director of Sunset Life and Old Amencan, subsidiaries.

How do we match the partial names with the corresponding correct directors ?
= We need to use additional attributes like position, gender and time period
= We capture these “matching” semantics as “rules”. For example,
“IF the names partially match AND the dates of the position match,
THEN link the extracted data to the known director.”
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Mapping, Temporal Analysis and Fusion : Creating Person Entities

Sample data records for John Thain extracted from various sources

Basic extracted information
cik: 0001090355
name:  John A, Thain Need to combine data into a
Transactions by John Thain company: Bank of America desired structure
; — Data extracted varies in
perSOHName: Tha|n JOhn A. Structure and Valuesl
cik: 0001090355 Appointment announcement
filingDate: 2008-01-24 - hn Thai
reportingDate:  2008-01-24 pirlsonName. Jghn Al _ _
Eelar: BlackRock Inc. cik: . N 000110;90355 Entity Integration
isOfficer: false a'lppomtment ate: 2008-01-16
LSS : filer: BlackRock Inc.
isDirector: true intedAs: Direct
Areiime 3 gppomte s: irector
filingType: 8-K
Person Entity
cik: 0001090355
Committee membership name:  John A. Thain

company: Bank of America

personName: John Thain employmentHistory: [

cik: 0001090355 { Merrill Lynch, CEO, 2008-06-30, ...}
reportingDate: 2008-06-30 { Black Rock, Director, 2008-01-16, ... }
company:  Merrill Lynch { Black Rock, Director, 2008-01-24, ...}
title: Chairman and CEO

member: Audit Committee ]

filingType: DEF14A

20 NFIC 2010 8/14/2010 © 2010 IBM Corporation




Mapping, Temporal Analysis and Fusion : Computing Current Holdings

owner_cik: 0001179111,
owner_name: "John Deutch"
recent holdings:

{ directOrIndirectOwnership: "D",
reportingDate: "2008-10-22",
securityTitle: "Common Stock",
shares: 70865.9,
type: "nonDerivative"

directOrindirectOwnership: "I",
natureOfOwnership: "See footnote (1).",
reportingDate: "2008-10-22",

~

shares: 8971,
type: "nonDerivative”

1

Must recognize when we have the
same type of holding and then take
the most recent value.
— some of the key
information identifying
the type of holding
may be in a footnote

securityTitle: "Common Stock", \

{ directOrIndirectOwnership: "D",
reportingDate: 2008-11-13,
securityTitle: "Common Stock",
shares: 70865.9,

h

type: "nonDerivative" /

{
directOrIndirectOwnership: "I",

natureOfOwnership: "See Footnote",
reportingDate: "2009-07-24",
securityTitle: "Common Stock",
shares: 9227.1,

type: "nonDerivative*

Entity Integration

NFIC 2010

current_holdings_by_insider:
{owner_cik: 0001179111,
owner_name: “John Deutch”
holdings:

{ directOrIndirectOwnership: "D",
mostRecentDate: "2008-11-13",
securityTitle: "Common Stock",
shares: 70865.9,
type: "nonDerivative*

}

{ directOrindirectOwnership: “I",
\ natureOfOwnership: “Deferred Shares — Compensation Plan

for Non-Employee Directors”
mostRecentDate: "2009-07-24",
securityTitle: "Common Stock",
shares: 9227.1,
type: "nonDerivative“

8/14/2010
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Midas Architecture: A Detailed View

Core Extraction & Integration Technology:

Platform:

= Developed over 5 years in IBM Research .

= Deployed and validated in multiple IBM products .

Integrate core technology with Hadoop

Drive large volume of data through extract and
integrate stages

Refresh incrementally and continuously

Applications

Analytic +
Search Ul

Domain-Specific |
App”C&tiOﬂS Healthcare Finance Telecom Government Insurance
Local Global Temporal
Resolve Resolve > Map/Fuse = Analyze
] Crawl |—» Extract
Midas ocal oo S0 o e |- Tomeor!
Extraction & Integration Flow Resolve y
Nutch Jagl + SystemT
Platform T DB Export

Hadoop (Map/Reduce)

Distributed File System

NFIC 2010 8/14/2010
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Handling Scalabllity

= Scalability Challenges

— Large document corpora

» Millions of documents of different formats and document types
» Documents vary in size (10KB — 10MB each)
* New documents available daily

— Maintaining a complex analysis pipeline
* Some document types require specialized analysis

* New analysis needs to be incorporated incrementally
+ Semi-structured results

— Process data updates incrementally

* Some analysis stages support incremental updates, while other stages may need to run over the
entire data.

— Tolerance to errors
» A failure when processing a document should not be fatal to the overall flow

= Scalable Platform on Cloud Infrastructure

— Jagl : Declarative language for expressing transformations over semi-structured data
— SystemT : High-performance declarative rule-based information extraction system

NFIC 2010 8/14/2010 © 2010 IBM Corporation
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Midas: Financial Insight
Scale of current running prototype

Over 1 Million documents

Filing | | I
timeline ! ! "

2005 2010 Over 32000 key officials

f Filings of \ Berso in financial companies
Financial
Companies

-

:> Extract | Integrate
(Forms 10-K,8-k, 10-Q,

DEF 14A, 3/4/5, 13F, Compa Over 2200 financial companies
SC 13D SC 13 G

\ FDIC Call Reports) J -l

L]

[ FDIC Call Data

SEC Filings
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Summary : Research Challenges

Information Extraction from Text

— Extracting entities, events, relationships from text and htmi
documents

Entity Integration
— Resolving mentions to same real-world entity across filings
— Normalize and cleanse extracted values

— Aggregate related facts extracted from multiple filings

Scalable architecture leveraging Cloud technology

— Complex analysis over millions of documents in a scalable manner

Tooling & Programmability

— Enabling easier definition, deployment and customization of Entity
Integration Flows
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