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Domain-specific search (DSS)

The Massive YouTube Ecosystem
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Emerging opportunities for DSS
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Penny Stock Fraud Nets Millions
Scheme Mastermind Among Those Sentenced to Prison

T . .
‘ Internet opens new avenue for penny stock fraud

| NEW YORK = Most investors take e-mails advertising a 300 percent return on penny stocks

sh bin. But those Internet promotions are still irresistible for some
iise of making a killing.

Stopping
‘ o’
ommission is increasingly taking legal action against individuals and companies that
e I I I l y O C nline. In one of its recent cases, involving Ives Health Co., the SEC reported a final

mer president, M. Keith Ives, for disseminating misleading information on the Interet.

snsate investors a total of $1.25 million for, among other things, falsely claiming the
ication the company developed

Deninea by te SEC as stocks tat sell below S5 a share, penny stocks have always been considered speculative and easily
manipulated. But stock market experts, seeing an increase in penny stock promotion online, say investors should be wary of
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possible.
geopaoalitica e

terms of probabilities when exploring the likelihood of
. cific events.
f t recasting improves when individuals work in teams.
orecasting i i S e gy g
e of their projections.

5. The most successful forecasters are willing to admit error
and quickly change course on their projections.
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General Search Google Knowledge Graph

DSS Domain-Specific Knowledge Graphs

How do we construct domain specific
knowledge graphs over web data for
powerful DSS applications
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Web

Knowledge Graphs for DSS
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Challenges
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Many Document Features

. ° Dr. Steven Minton - Founder/CTO
Text Astro Teller is the CEO and co-founder of Grammatical Dr. Minton is a fellow of the American

BodyMedia. Astro holds a Ph.D. in Artificial Association of Artificial Intelligence and was
. e G |
paragra phs Intelligence from Carnegie Mellon University, where sentences the founder of the Journal of Adificial Eneral

- : 4 Intelligence Research. Prior to founding Fetch, information
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Scope

Short tail
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Pattern Complexity

Closed set Regular set
U.S. states U.S. phone numbers
He was born in Alabama... Phone: (413) 545-1323
The big Wyoming sky... The CALD main office can be
reached at 412-268-1299

Complex Ambiguous, needing context

Unusual language

U.S. postal addresses

Person names moaets
University of Arkansas ...was among the six houses Sk don’t wanna miss out on ME ;)
P.O. Box 140 sold by Hope Feldman that Perfect lil booty Green eyes Long curly
Hope, AR 71802 —— black hair Im a lIrish, Armenian and

POVYel ODO“nSk_" Software Filipino mixed princess ;) @ Kim €@
Headquarters: Engineer at WhizBang Labs. 707~7two7~7four?7 @ HH 80 roses @
1128 Main Street, 4th Floor :

. - . Hour 120 roses @ 15 mins 60 roses”

Cincinnati, Ohio 45210

Courtesy of Andrew McCallum
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647-241-1986 New Haven Escort Listing Search Box

View Escorts in other cities Search For Profiles
r) . . . Register H
647-241-1986 Upscale + Sophisticated | Busty | Curvy Asian -- Delia London - 25 | . |, o eosete
. Non Mobile Version
Escort's Phone: 647-241-1986 . Escort Blog.
Escort's Lacation New Haven, Connecticut + Key for Escort Acronyms

Escorﬂs Age: 2 »  Top 10 Escort Practices
. Escort Reviews
URL +  See Escorts on Webcam
. Prostitution Laws
. s s 4«; Most
There are 42 girls looking in . VIEW GIRLS T

Tc it 5:30pm Pacific
If you are looking for the right combination of Erotic & Sensual then you have come to the right place.Always a great personality, and environment. - .y

NO RUSH SERVICE Discreet & Upscale PLAYFUL 100% REAL PHOTOS.

100% Independent | Dedicated | Verified Providerdateche ck dl6472fp 411 p98690
phone:773 431 8174 __ REFERENCES REQUIREDBDSM, Domme, & Fetishes Available | www.delialondon.com |. Call 647-241-1986. See my menu of services on my rofil
EZsex Find me... BackDoorOpen

419-283-6378
Call me on my cell at 647-241-1986. Detroit
Date of ad: 2016-06-17 16

rified Upscale + Sophi | Busty | Curvy Asian -- Delia London - 25
£25,2016 Verified Upscale + Saphis | Busty | Curvy Asian - Delia London NOW IN TOWN.
647-241-1986 Oct 09, 2016 Verified Upscale _ Sophisticated | Busty | Curvy Asian -- Della London - 253
016 Verified Upscale + | Busty | Curvy Asian - Delia London In town TODA
016 Visiting .Today Only ::; Verified + Reviewed - i/ Delia London ... In town for
Jerified Upscale + | Busty | Curvy Asian -- Delia n NOW IN TOWN.
ug 16,2016 NEW PICS Upseale + 1 Busty | Curvy Asian -- Delia London - 25
16 Upseale + Sophisticated | Busty | Curvy Asian - Delia London - 25
16 Upscale + Sophisticated | Busty | Curvy Asian - Delia London - 23
6NOW IN WRJ Upscale + Sophisticated | Busty | Curvy Asian -- Delia London - 25
Iu ©1In & outealls Upscale = Sophi | Busty | Curvy Asian -- Delia London - 25
ay_16. 2016 Upscale + Sophisticated | Busty | Curvy Asian -
A 2016 Upscale + icated | Busty | Curvy Asis
r 30, 701 (, Upscale + Sophisticated | Busty | Curvy Asian -- Delia London - 24
A ale + 1 Busty | Curvy Asian -- Delia London NOW IN TOWN - 24
"mu Upscale + Sophisticated | Busty | Curvy Asian -- Delia London - 24
016 Erotic x Busty Asian Companion Verified + Reviewed + Safe In town now - 24
i usty Companion + Kinksiress :: New Pics + Verified Provider . - ..
| Busty | Curvy Asian -

Top Escort Cities

f relevant

small

Las Vegas, Nevada
Miami, Florida

.
.
.
.
.
. Chwag,o Tilinois (312 500- 3623) « Detroit, Michigan
CM Get PAMPERED - 22 * Los Angeles, California
« Ft Lauderdale, Florida (786-504-1860) * San Diego. California
you will ME. GORGEOQUSLY sexy LATIN - 21 * Orange County, California
o Atlanta, Georgia (401-324-938) « Houston, Texas
- « Phoenix, Arizona
b, it ) « Philadelphia, Pennsylvania
$cials BuSTy BaBe (( 5 SeRvICe )) Pretty 36DDDs ( ) ( ... + Boston, Massachusetts
A i -849-8140) « Washington DC,DC
desiresCALL ME 100% Real Curvy White Girl. - 21 * Orlando, Florida
914-9667) .
i he One And Only(: - 21 -

« Phoenix, A.ﬂmna (623-500-7076)
NEW GIRL PERSIAN Gem EXotIC Blend - 21 Recent Blog Posts
« Toronto, On[ano (416 -554- 3337)

i
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Spreadsheets Created For Human Consumption

e MDdw->» @& ©-
Home Insert Page Layout Formulas »» &t Share v
B o] D E F
; Nutzungsbestimmungen o [B E oo ] a- @‘
Sofem Sie diese Daten nutzen, bitten wir um komekte Zitierung als "Forschungsgru
3 der Angabe zum Home Insert Page Layout Formulas Data »»  &* Share v
4
A B c D E
5 Die Bund gii g macht ihre Arbeit eher ... _—
6 1 Crude Oil Production Qatar Maonthly
; ut p—— 2 https://www.eia.gov/opendata/qb.php?sdid=STEO., o ME w-3 - Ru O ©-
] 3 11:19:00 GMT-0800 (PST) n — n Home  Insert Pagelayout Formulas Data > &+ Share ~
10 11714 60 25 4 Source: U.S. Energy Information Administration
11 1131114 74 16 5 Month Series ID: STEQ.COPR_QA.M million bal A B c D E
:]‘2 gﬁlﬂ“ g: ;7 6 17-Dec 0.61 1 Extracted frg United Nations High Commissioner for Refugees
4 S od: o - B
1 32814 &7 26 7 17-Nov 0.6 2 Date extracted: 2018-01-09 21:00:22 +01:00
15 41114 70 23 8 17-Oct 0.6 3
16 5/9/14 73 22 9 17-Sep 0.61 4 Country / tel Origin Year Month Value
17 6/5/14 73 20 "
ol 27082014 6 2 10 17-Aug 0.61 363 Albania Bangladesh 2017 March 0
19 711814 79 15 11 17-Jul 0.61 364 Albania Bangladesh 2017 April o]
20 8/22/14 79 15 12 17-Jun 0.61 365 Albania Bangladesh 2017 May o]
4 » Tabelle Tabelle2 Tabelle3 + 13 17-Mav nm1 366 Albania Bangladesh 2017 June 0
Peay e @ - S (P | umeekent | 367 Albania  Bangladesh 2017 July 0
Ready N B B - ——— =—— 358 Albania Bangladesh 2017 August 0
-~ 369 Albania Baneladesh 2017 Seotember 0
@ MAEw-J ~ B imfCPI_example Q-

Home Insert Page Layout Formulas Data Review View A+ Share v PR 140%

Cross-Country Indexes, Period-over-Period Change
2002M11 2002M12 2003Q1 2003M01 2003M02 2

Ecuador Consumer Price Index, All items
Egypt Consumer Price Index, All items
El Salvador Consumer Price Index, All items
Equatorial Guinea Consumer Price Index, All items
Eritrea Consumer Price Index, All items
Estonia Consumer Price Index, All items -0.16 -0.16 110 039
Ethiopia Consumer Price Index, All items 0.84 098 1.67 0.96
Faroe Islands Consumer Price Index, All items
Fiji Consumer Price Index, All items
Finland Consumer Price Index, All items
France Consumer Price Index, All items 0.00 017 0.19 0.69
French Southem Temitories Consumer Price Index, All items —,

4 » Cross-Country Indexes, Period-o +

Ready H Neiyl — — — 140%




Databases with PDF Code Books

MEdw- & ~ B acled_raw_data Q- ©-
Data

Home

View &t Share v

Insert Page Layout Formulas Review

3 F G H | J K L M N o P Q R
1 event_date year ‘time_precisi event_type actorl \assoc_actor_inter1 \actor2 ‘assoc_actor_inter2 \interaction region country  admin’

2 1/13/18 2018 1 Battle-No ch Military Forces of Democi 1 ADF: Allied Democratic Fc 2 12 Central Afric Democratic | Nord-Ki
3 1/13/18 2018 1 Battle-No ch Military Forces of Democi 1 ADF: Allied Democratic Fc 2 12 Central Afric Democratic |Nord-Ki
4 1/13/18 2018 1 Battle-No ch Military Forces of Democi 1 ADF: Allied Democratic Fc 2 12 Central Afric Democratic | Nord-Ki
5 1/13/18 2018 1 Battle-No ch Al Shabaab 2 Police Forces of Kenya (2C 1 12 Eastern AfricKenya

6 1/13/18 2018 1 Riots/Protest Rioters (Kenya) 5 Police Forces of Kenya (2( 1 15 Eastern AfricKenya

7 1/13/18 2018 1 Riots/Protesi Protesters (L Tawergha Cc 6 0 60 Northern Afr Libya

8 1/13/18 2018 1 Violence agaUnidentified Armed Grouj 3 Civilians (IntIOM: Interna 7 37 Northern Afr Libya

9 1/13/18 2018 1 Riots/Protest Protesters (Morocco) 6 0 60 Northern Afr Morocco

10 1/13/18 2018 1 Riots/Protest Protesters (Nigeria) 6 0 60 Western AfriNigeria

11 1/13/18 2018 1V  Civilians =7 17 Western AfriNigeria

12 1/13/18 2018 2R 50 Western Afri Nigeria

13 1/13/18 2018 1B Qutside/external force (e.g. UN) =8 3 Eastern Afric Somalia

14 1/13/18 2018 1B Eastern AfricSomalia

. fiantan orae *~  These single numbers represent the actors noted in “Actor 1” and “Actor 2” columns,

4 » acled_raw_data +

Ready and are placed in “Inter 1”” and “Inter 2" respectively. “Inter 1” and “Inter 2” are the
S pasis of the “Interactions” column. Interaction numbers are always the smallest
possible number (for example, 37 instead of 73), regardless of the order of “Actor 17
and “Actor 27, For single actor events, the empty second actor category is coded as
“g.
Interaction codes include:
10- SOLE MILITARY ACTION
11- MILITARY VERSUS MILITARY P D F
12- MILITARY VERSUS REBELS

13- MILITARY VERSUS POLITICAL MILITIA




Data In Web Tables

1 1 1 1 1 1 1 1 1 L 1 1

0 o7E
1A 2A 38R 48 5H 6R (7'5) 8H 8R 1W0BR1AI12A

(8) =Z21E8REE | DeEREHEE

(%)

I ol 2
(#)
XHTE 51 41 44 44 50 37 38 29 34 68 54 51
EFLEN 34 43 39 37 34 47 49 58 55 27 35 33
PR il EERM
A ABOUT PRESIDENCY MEMBERS PROGRAMME OF WORK DOCUMENTS MEETINGS SUBSIDIARY ORGANS 2231(2015) REPERTOIRE

| BREHE

(%)

Abolt SC Documents Security Council Resolutions

= Resolutions

Presidential Statements

I ol P
(]
BERS

364 3186 314 334 343 302 318 277 274 328 340 315

Resolutions adopted by the Security Council in 2017 RER 148 133 139 120 130 151 205 260 245 188 216 198
Press Statements
. § ¥ i LA 41 33 38 40 38 35 43 35 26 41 31 33
Notes by the President (SLBESLZ&S_Z 22 o Non-proliferation/Democratic People's Republic of Korea sER 22 30 17 21 26 30 38 37 26 28 15 22
Exchange of Letters 2017 HER 13 19 14 08 10 15 13 23 13 13 15 10
Reports submitted by / EEFR 01 01 o1 o1 01 03 02 04 03 03 02 02
transmitted by the Secretary- SIRES/2396 21 Threats to international peace and security caused by terrorist acts sRAE 00 00 01 00 00 01 00 04 02 01 00 01
General fzmzy | December EofomREE 00 01 00 00 02 02 00 00 00 00 00 OI
Reports of the Security Council iﬁ#_ﬁb 348 393 378 413 389 385 221 308 348 321 321 321
Missions S/RES/2395 21 Threats to international peace and security caused by terrorist acts bR, HEF 64 74 100 63 62 76 1568 53 63 77 61 97
(2017) December
Annual Reports 2017
Volumes of Resolutions
w S/RES/2394 21 The situation in the Middle East
Round-ups 017 Sevorber | BEEE
Highlights of Security Council 2017 REER  2E0208 F0RZ
Practice HEfE  BEE (RDDEME)
S/RES/2393 19 The situation in the Middle East

Annual Highlights
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Knowledge Graph Construction:
Long-tail vs. Short-tail
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Extracting Data from Semi-structured Sources

Wrappers

M = b e S | o — ‘

Fia
k4
h.llh'
lll
M
o
o

= ‘
.= _x r w1 = ‘
TH =

0 Yellow Pages

le ome = Yellow Pages = Results

RESULTS Restaurants {1 -1 of 1)

L=
=k

iy — NAME Casablanca Restaurant

AL Casahlanca Restaurant

220 Lincaln Boulevard, Yenice, CA 90291 STREET 220 Lincoln Boulevard
- [310) 392-5751

AL CITY Venice
- Appears in the Category:
E s in the L PHONE  (310) 392-5751
7:_ o @Jurnp to Top
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Information Integration in Karma

Domain Model

Source Mappings

Samples of
Source Data

A

\
=[] |
& ()

‘ Virtual Integration

_,ﬁ-ﬂ”’*:

supports multiple
1ntegration regimes ﬁ E g I
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Karma semi-automatically builds semantic models

... and provides a nice GUI to edit them

Karma uses semantic models to create knowledge graphs
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Practical Considerations for Extractions

Long tail vs. short tall

How good (precision/recall) is necessary?

— High precision when showing KG nodes to users
— High recall when used for ranking results

How long does it take to construct?

— Minutes, hours, days, months

What expertise do | need?

— None (domain expertise), patience (annotation), scripting, machine learning
guru

What tools can | use?
— Many ...

I igformation Sciences Institute USC Viterbi



Data Tables

Arséne Wenger

Table 4: Average (mean) earnings (£) of UK employees by 20 Strongest Performing Metro Areas
2010
1. San Antonio, TX
Women | Women | Men Men 2. Oklahoma City, OK
FIT PIT FIT PIT 3. Austin, TX
£ £ £ £ 4. Houston, TX
Managers and 18.66 156.74 24 .67 XXX 5. Dallas, TX
senior officials 6. McAllen, TX
; 7. Little Rock, AR
(I;’(r:gle:astl;rr\lzl 20.43 22.82 2247 27.55 8. Baton Rouge, LA
9. Tulsa, OK
Associate 14.85 14.77 16.84 15.41 10. Omaha, NE-IA
W professional 11. El Paso, TX
3 and technical 12. Wichita, KS
Administrative 1080 | 954 | 1205 | 973 }‘3‘ g’euii{ngwn E\C-VA-MD-WV
oy and secretarial - Des Moines,
Wengér |r? July 2015 : i Albuquerque, NM
Personal information Skilled trades _ Virginia Beach, VA-NC
Full name Arséne Wengerl'!

Date of birth 22 October 1949 (age 67)
Place of birth  Strasbourg, Alsace, France
Height 61t3in (1.91 m)@

Playing position Midfielder
Club information

Matrix Table List Table

Entity Table
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Table Type Classification

» Feature-based supervised classification
— Cafarella’08
— Crestan’11
— Eberius’15

* Deep Learning
— Nishida’2017
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Semantic + Structure Embedding
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Data Extraction Techniques

Glossary

Regular expressions

Natural language rules

Named entity recognition

Sequence labeling (Conditional Random Fields)
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Searching Knowledge Graphs
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Many problems with ‘strict’ execution

synonyms “red”
SELECT ?ad WHERE typos “brunette”

{ not present
?ad a :Ad ; /
-hair_color 'Auburn’ ; numbers hard to match
‘review_site id 'cg9469f';/' o
price_per_hour '500' : Clalre_ is acommon name
:name 'Claire Gold' ; /’ Gold is a domain word

:ethnicity "Asian’. ——————————— slang, e.g., “FOB” for Asian

} inference, e.g., “Japanese”
L} NOSQL store ) No
results

I nfornmtion Sciences Institute USC Viterbi



Candidate Generation

Keyword expansion * Context broadening ¢ Constraint relaxation

SELECT ?ad ?ethnicity WHERE Precision query 1

{ query 2

| query 1
| query2_
query3 |
query4 |
Lqueryn |
—

?ad a :Ad ;
‘hair_color '‘Auburn’;
‘review_site_id 'cg9469f' ;
:price_per_hour '500' ;
:name 'Claire Gold’;
-ethnicity ?ethnicity .

Query = query 3

Reformulation

query 4
Recall K4

Ranked

Candid « Elastic Search
ates 100M entities
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Knowledge Graph Completion
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For Web extractions, noise Is inevitable

Thousands of web domains
Many page formats

Distracting & irrelevant content
Purposeful obfuscation

Poor grammar & spelling
Tables

To reach Its potential, a constructed KG
must be completed or identified
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Entity Resolution

Many nodes refer to the same underlying entity

dbpedia:
Inventor

freebase:
Seattle

“01/21/1953”

I nfarmation Sciences Institute USC Viterbi



Entity Resolution is fundamentally non-linear

* Theoretically quadratic in the number of nodes, even if ‘resolution
rule’ was known

* In practice, number of ‘duplicates’ tends to grow linearly, and
duplicates overlap in non-trivial ways

« How to devise efficient algorithms?

50 years of research has agreed on a two-
step solutions

Candidate set Resolved

Knowled Execute Execute
ge — ] Vo o . [r—p entities
graph blocking similarity

I nfornmtion Sciences Institute USC Viterbi



Other research frontiers for KG Completion

« Other things explored in the literature:

Domain knowledge
— Collective ER methods have tried to exploit these systematically

Multi-type Entity Resolution
— Extremely useful for knowledge graphs, lots more work to be done

Entity Resolution+Ontologies+IE Confidences:
— Probabilistic Graphical Models like Probabilistic Soft Logic

Knowledge graph embeddings
— Useful for link prediction and triples classification
— Recall the Microsoft-founded_in-Seattle example earlier
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Information Sciences Institute

THANK YOU! QUESTIONS...
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