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—xtraction and Knowledge Graph

- Web data extraction has gained prominence In the last
two decades, Knowledge Graph (KG) Management in the
last decade.

the web.

Both tasks are of major importance for all companies that
nave to process and structure large amounts of
neterogenous data from different data sources, including

- These two tasks are often interconnected.



Overall structure of the talk

- Web Data Extraction: Problem and State-of-the-Art for Approaches.
- DIADEM: Domain-Centric System for Fully Automated Web Data Extraction

- DIADEM demo.

- Knowledge Graph Creation and Management: Problem and State-of-the-Art
Approaches.

- VADA: a Novel System for Data Wrangling and KG Creation and Management.

- DeepReason.ai: an Oxford University Spinout, a KG platform with Unparalleled
Reasoning Power.



Data Extraction




“Without big data analytics, companies are blind
and deaf, wandering out onto the Web like deer on
a freeway.”

The McKenna Group, VC, Author of Crossing the Chasm & Inside the Tornado
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FindersKeepers #

Search Tenants Landlords

AboutUs ContactUs Careers My Shortlist Login / Register

cfunda‘y Fimes 2012
Letting Agent of the Year
News & Blog

Building Furnishing Investing Property Reference No:

1. Minimum Bedrooms? n 2 3 4 5+

2, Select Your Monthly Rent: £550 to £3000 & up

» «
2500 3000 & up
3. Where? Select All Areas = Clear All
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Y Justlet...

Outstanding apartment in the Brew
» Tower development, Abingdon.

Find out more
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Sunday Times letting agent of the year

Search Properties by School
l - Select School Type |z|l
Finders Keepers is a family-run, independent
l - Select School B‘ property letting and management agent As featured in
with eight offices in Oxfordshire. We launched
in 1079 ae an arnnicitinn caniicra and ennn
ref-code postcode bedrooms bathrooms available price

33453 OX2 6AR

33433 OX4 7DG

3 2

2 1

15/10/2013 £1280 pcm

18/04/2013 £995 pcm




Information Extraction

THE SILVER CHAIR

| > 34 by C.S. Lewss
CHAPTER ONE
Subscriptions to Stock in the Aete Churc) PEHIND THEGYM
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g | ;i n day and Jill Pole was crying behind the gym. cca Schneider
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| {subscriptions we severally agroe, whenever One Hundred Thousand Dollars are subscribed hereto, including such amount nool they weren't. Or even if they were, the people who did them were not ) , N
as present Pew holders may consent to receive in certfi ‘ne - hetel : Ie 5 media, such as photography. Recently, I've been engaged in trying to
the amount of our respective subscriptions, payable at one of the Banks in Buffle 1 s oy ! Ty notes for *d. The Head said they were interesting psychological cases and sent for
F Ri0¢ ntn, ity et I et themofn i alo, in six equal payments—at four, eight, them for hours. And if you knew the right sort of things to say to the Head, 1k some of our long-sedimented distinctions between medial forms
The Church when completed, is to be dedicated and set a it : : that you became rather a favourite than otherwise
; part exclusively as a place of public worship, according 1o the oo ’
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B i gty kL t‘!;e :::ns Elemlmﬂﬁr(;pelmﬁed,.(o all of which the corporation above named, by Pole was crying on that dull autumn day on the damp little path which runs tegory of the Vlive’, to the degree that it pretends to delimit a present
i P eclare their assent, and to bind themselves, and their suo. f the gym and the shrubbery. And she hadn't nearly finished her cry when a '

cessors in office, to the just and faithful performance of the same.
When the said New Church Edifice shall be completed, or sooner if the Trustees shall deem it expedient, the Trustees

shall affix a valuation to each of the Slips in it, except those reserved as fr
. . ) 2 ee seats, and shall, upon due notice, offer the Vi . . . .
Slips, to which valuations are afixed, for competition of choice at LRI Sabiact 4o s w’:; Rt :w;m; :[:‘w ory of the ‘live’ to reify a supposed antithesis: very often posited as the

e corner of the gym whistling, with his hands in his pockets. He nearly ran int to instantaneity. I have also been suspect of the habit of the
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# ;'ﬂﬁ"f:ﬁiiﬂﬁ :ildt:: cfﬁif;'él'dﬁ:::nmwfby thehc,lerk: which certificate, when said notes shall be fully paid, : boy, "you needn't start =" and then he noticed her face. "I say, Pole.” he ly a recard, as It appears to survive something that can be called the
i > thereof as cash in payment for Slips in said Church, at the firt 1ublic ing i . ' '
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ondition u he Trstes shal precribo. but sl such oo, ot s o o Slipsuwilhin :\r::ﬂr:llr;‘d s, the sort you make when you're trying to say something but find that if you irthes would have it) but ‘is’ no longer. Does this way of thinking about

%' after the Church shall be dedicated, shall be deemed a donation to the Church. fying again. imi
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I i sers, reenactors, re-performers, re-photographers?
| said the boy, "there's no good us all -" It may be that thinking about performance as taking place only in a
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and disappearing present limits our thinking in significant ways. Why
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! . he did talk rather like someone beginning a lecture. Jill suddenly flew into a

70 T, g 7 7y mtea likely thing to happen if you have been interrupted in a cry). performance not take place as a photograph? We are habituated, for
EAR Stk :—The above is the form of the subseription to the Stock in the New Church, as adopted by the Trustees.
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| ou n;e gaq;:w:ed_w em’ln':ne it, nnfl be ;{replred to act when called upon by the Committee appointed to circulate the | 21 o inking efthe ‘present:as snoular, unfolding In 2 finear
E ,.M'- o': .nl b::uons. e Co.mmmee will have an onerous duty to perform, and it is hoped that you will aid in facili- '
: ing their Iabors as far as practicable. Very Respectfully,

H. SHUMWAY,

President of Board of Trustees,

subject predicate object

Trump headOfState USA

Elisabeth Il headOfState UK







Data Extraction feeds
Big Analytics and Verticals
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Price Intelligence

Price intelligence :=

Discovery: finding product pages on competitor sites

Extraction: gather price, shipping and availability data

Matching: determining comparable products in your own catalogue



“plan to use competitive

Retailers price intelligence”

Home depot bought data extraction startup Blacklocus
McKinsey bought data extraction company Lixto

Successful funding for several data extraction startups



BIG ANALYTICS

rice guarantees hotel.de

check & book

Hotel reservation

Homepage | Vicinity search | Cancellation | @ Reservation by phone

() detect violations of price guarantee

() track contingent trends

Ethos Hotel
59 Western Road 640
OX1 4LF Oxford, United Kingdom RN
) Hawkwell House Hotel W
Cc)';:mm United Kingdom s
| =
Destination: () Holiday Inn Express Oxford- ww
Kassam Stadium 730
i Grenoble Road RN
OX4 4XP Oxford, United Kingdom
nutel [E' | {Holiday Inn OXFORD i 22
5 [ Peartree Roundabout 750
simply book for lns + [|§Ox2 84D Oxford, United Kingdom mm
Price
Comparisan |
M bl | Price vamaacs | | ase | | J Cotswold Lodge Classic Hotel L2 s
o Banbury Road
Email ' ' o O 8JP Oxford, United Kingdom o ©

e [l momcn [T ] excototion eve (S 5] adverimemens

Fant Bzl [Rrvw =] [Cof 52 =kl |
Chips B D S g O D g Cipmc.

123...155=
Date  HMID



Market intelligence

online market intelligence

replace manual or semi-supervised collection

HOW THE BRANDS COMPARE

¥ THE INCREDIBLE SHRINKING PACKAGE § LSS 4.
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Financial Analytics

Hypothesis: Big data trumps manual curation

Result: With MAN analysts: agricultural futures
With 40 web sources: 94% trend prediction accuracy

Beats manually crafted algorithm



BIG ANALYTICS

House price index

BEST PLACES TO BUY A HOUSE

FIXR.COM wants %o lllustrate the top 10 best small cities to live.
The ranking takes into account income, population, education, leisure, culture & more.

TOP

SMALL

A History of Home Values 19
The Yale economist Robert J. Shiller created an index of American housing prices going back to 1820, it is based
on sale prices of standard existing houses, Not new Consruclion, O rack the value of housing as an INvesiment "
over ime. It presents housng values in consistent jerms over 116 years, factonng out the effects of inflahon

FIXF

The 1830 benchmank is 100 on the charn. i a standard house $oid in 1830 for $100,000 (infiation- adusted 10 1”7
w0oday’s dollars). an equrvalent standard house would have soid for $66.000 in 1920 (66 on the ncex scale) and
$199.000 in 2006 (129 on the index scale, ofr 99 parcent higher than 1880)

16
DECLINE AND RUN-UP Fricos croppad as BOOM TIMES "wo gans in recent decades 5
mass produchion 1echmgues appeared were followed by returns to levels consistent -

MEDIAN early in the 20th century. Prices spked snce the lale 1950s. Snce 1997, the ndex
HOME PRICE wih post-war housing demand has nsen about &3 percent 4

0 LOUISVILLE, CO K(“ NY DAYS PER YEAR o - R
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BIG ANALYTICS

Procuring Tenders

() Find tenders in relevant areas

() Expensive, low quality services

e

| || | O Jeml L

ome Categories Search Publish Tenders

yabsite Marketing
ffactive SEO
mprove Search EnginwRanmxing

Global Tenders - world's

African Teaders latest tender informatic

Amerncan Tenders
Aslan Tenders
Australian & Oceania
Canbbean Tenders

Directory TP

in Oxford

All Tenders

Global Tenders has one of the laraes |

Live Tenders | Closed Tenders

witnin search : [ ECTTEED G

Tender ID & Tender Brief

TR 2104776 (1) Improvements %o Road from Tayakanahalli to
Chowtayyanahatti (KM 0.00 1o 2.50) l) Improvements 1o Road from Kadekola
10 Nelabommanahalll (KM 0.00 %o 2 20) in Kudligl Taluk. (Package No.: BLR-
KDL-)

TR 2386052 Repair and Maintenance of Main Road from Badam Pahar
Comer to Jharnadih CISF Colony Gate at CTPS.

TR 2377019 Request for Qualification for Short-Listing of Concessionaire for
Development and Operation of Basti-Mehndawal-Tamkuhi Road Section on
PPP basis.

TR 2391770 improvement and Widening to shetphal Medha Papans Road
MDR-18 km 0/00 to 28/00 Tal. Madha.

TR 2396806 Improvements 1o Sangola-Pandharpur-Shetphal-Kurduwadi-
Paranda RdAKm. 5400 o 55/500 (Pro.BM.CarpetSealcoat)Tal.Mohol
Dist.Solapur.

TR 2396810 Improvements 0  Pandharpur-Shetphal-Kurduwadi
Rd Km.63/00 to 65/500(Pro.Carpet sealcoat)

TR 2396815 Improvements to Pandharpur Shetphal Kurduwadi Road
Km.54/00 1o 57/00 (Pro.Carpet Sealcoat)Tal Mohol DistSolapur.

_T_R 2396817 Imprgver_neng Eolifgnldh_a_rpqr-‘Kprul Road Km.24/00 to 25/700

Tender Due
Value Date

KARNATAKA 1,21,00,000.00 15/1122011

* International Tenders

Start today to get instant access to
the latest International Tenders.

We deliver thousands of live Tender
Notices every month. Youll receive
regular Tenders from a wide range of
companies and public sector
organisations.

Start to enjoy this invaluable source of
new sales opportunties today with our

4 weeks FREE Trial
- [ CONTINUI
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Overall Content

Search Results

Web pages

What humans can process
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Search

What’s the biggest change to Google’s results in
the last decade?



Advanced Search Preferences Search Tips

‘ 0{) le |drake hotel, chicago Google Search
8 l'mFuingl.udty

ults 1 - 10 of about 13,800 Search t

CHICAGO HOTELS - Book Your Room Online - LOWEST RATES Guaranteed!  “porcored

www.hoteldiscounts.com Save Up to 65% and Reserve Your Room Instantly! Link
Category > ica > ... > Chi > T nsm > >
The Drake Hotel

Sponsored Links

...................................

Hutone Boutique Hotel1blodk from
MceComidejust blodks 1o domntomn

www. wheaelermansion.com

WY hmon com/hotels/CHlDH\d/ Similar pages

Drake Hotel, Chicago, United States from HotelBook: Your ... Interest s
... Drake Hotel Address: 140 East Walton Place Chicago lllinois 60611 United See your message here
States.

Phone: (1 312) 7872200. Fax. (1 312) 76871431, ...
condenast hotelbook com/static/welcome 02934 himl - 9k - Cached - Similar pages

2000




Search

Location

Snippets

CONCLUSION:

Web Maps Images Videos News More ~ Search tools

About 2,740,000 results (0.32 seconds)

The Drake Hotel

www.thedrakehotel.com/ ~

No other Chicago hotel has inspired more legendary acclaim than The Drake. Fine
dining, Lake Michigan views, Chicago's Gold Coast neighborhood access.

4.2 kK k - 328 Google reviews - Write a review - £129v

o) 140 E Walton PI, Chicago, IL 60611, United States
+1 312-787-2200

Accommodations - Palm Court - Packages

The Drake Hotel (Chicago, IL) - Hotel Reviews - TripAdvisor

www.tripadvisor.co.uk » ... » lllinois (IL) » Chicago » Chicago hotels ~

% %% % Rating: 4 - 1,391 reviews - Price range: ££

The Drake Hotel, Chicago: See 1391 traveller reviews, 323 candid photos, and great
deals for The Drake Hotel, ranked #50 of 166 hotels in Chicago and rated 4 ...

Drake Hotel (Chicago) - Wikipedia, the free encyclopedia
en.wikipedia.org/wiki/Drake_Hotel_(Chicago) ~

The Drake Hotel, 140 East Walton Place, Chicago, lllinois, is a luxury, full-service
hotel, located downtown on the lake side of Michigan Avenue two blocks north ...

Magnificent Mile hotel Downtown Chicago - The Drake Hotel - Hilton
wwwa3.hilton.com/en/hotels/illinois/the-drake-hotel.../index.htm| ~

The Drake Hotel, a Magnificent Mile hotel in downtown Chicago, offers historic luxury
Chicago hotel accommodations, first class service and diverse dining.

The Drake Hotel, Chicago. lllinois | Hotels.com

uk.hotels.com » United States Hotels » lllinois Hotels » Chicago Hotels ~
Location. The Drake Hotel is located in downtown Chicago, adjacent to Michigan
Avenue's renowned shops and restaurants. This property stands three blocks ...

The Drake Hotel in Chicago: Hotel Rates & Reviews on Orbitz
www.orbitz.com » Hotels » United States » lllinois » Chicago Hotels ~

% %%k %3 Rating: 4.3 - 172 reviews

The Drake Hotel, Chicago, lllinois: Find the best deals with user reviews, photos, and
discount rates for The Drake Hotel at Orbitz. Get our lowest rates or cash ...

The Drake Hotel (Chicago, United States of America) | Expedia
www.expedia.co.uk » ... » lllinois » Chicago Hotels ~

% %% %3 Rating: 4.5 - 1,579 reviews

The Drake Hotel - read reviews, look at the photos and get great deals. Book the The
Drake Hotel with Expedia now and save!

2019

Images

1S

N Lake
E Oak St Lake Shore Dr 0,‘\‘)
2
USH & EWaltonSt E Walton Pl

Map data ©2014 Google, Sahborn
s

The Drake Hotel

£129 Book v Directions Write a review

Address: 140 E Walton PI, Chicago, IL 60611, United States
Phone: +1 312-787-2200

Hotel class: 5 stars

Reviews

42 **** 328 Google reviews

More reviews: priceline.com, insiderpages.com, blackbookmag.com,
kudzu.com

People also search for
L

g
;é"{‘* ‘ a2, -
The Omni Waldorf Chicago

Seasons Peninsula Chicago Astoria Marriott

Hotel Chicago Hotel Chicago Downtown

Chicago Hotel Magnificent

Mile
Are you the business owner? Feedback

Knowledge graph

Reviews

Search is becoming vertical to combat information overload.
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Form filling

WHITE\WALLS

people not just property

Home About us Sales Lettings/Management Free valuation EPC Careers Links

Property in Oxford search results | Save s

« Go back to postcode area map Iﬂ 2/(3/|4]||5|(6(|7]|8]||/9/(10(]|11 12 3||14((15 16 NEXT 1 -
White Road, East Hendred £1,499

Located within East Hendred, this impressive fifteen bedroom New pr
property offers fantastic business and development potential. A five

bedroom family house is accompanied by a purpose built ten

bedroom guest house extension. The five [...] Read more

ST T, R
IEAARRN

View all 10 photos

=T

Bedrooms: 15 | B3throoms: 13 | Area: East Hendred

@ View full details @ 360° virtual tour @ Arrange a viewin @ Map vi
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Tables
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Flat Text

1_ floor views over substantial private gardens. This is further accompanied an attached

. Obiject
identification

White Road, East Hendred

£1,499,950

@ Arrange a viewin

Image gallery

(®) 360" virtual tour

Floorplan

Aerial view

@ Map view

Printable brochure

S

Sales or Lettings: Sales Property Type: House Postcode Area: OX12
Bathrooms: 13 Furnishing: N/A
Tenure: Freehold Sq feet: 6648

Bedrooms: 15
Area: East Hendred

Located within East Hendred, this impressive fifteen bedroom property offers fantastic
business and development potential. A five bedroom family house is accompanied by a
purpose built ten bedroom guest house extension.

The five bedroom family house benefits from generously proportioned living space with
modern interiors, conservatory, dining room with feature bow window and stunning first
recently purpose built AA 4* rated ten bedroom guest house/bed and breakfast wing.

In addition, subject to planning, further development potential is possible.

The property is situated within its own grounds of approximately 2 acres,
Local transport links are available nearby, providing access to Oxford and Wantage. Road

users have easy access to the A34 (M40) towards London.

@ Free mortgage advic

N,

% Coming soon
| to OX2

Pre-register now

£1,295,000

Bagley Wood Rd, Kennington OX1

A substantial detached Edwardian family house with scope for Sold «
updating and improvement, set within delightful gardens and
wooded grounds extending to over five acres located on the edge of

Bagley Wood. This fine [...] Read more

Bedrooms: 6 | Bathrooms: 3 | Area: Kennington

@ View full details @ 360° virtual tour @ Arrange a viewing @ Map view

iz

First Floor

i
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White Road, East Hendred

Located within East Hendred, this impressive fifteen bedroom
property offers fantastic business and development potential. A five
bedroom family house is accompanied by a purpose built ten
bedroom guest house extension. The five [...] Read more
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Energy Performance Chart
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Sales or Lettings: Sales
Bedrooms: 15

Property Type: House
Bathrooms: 13

Energy Efficiency Rating Environmental Impact (CO,) Rating
Postcode Area: 0X12 e Corert | Potercel

Furnishing: NJA

<.

Other .o.
Provider e

Other
Provider

Area: East Hendred Tenure: Freehold Sq feet: 6648

. Flat Text
[ 4___

Other

|

Located within East Hendred, this impressive fifteen bedroom property offers fantastic
business and development potential. A five bedroom family house is accompanied by a
purpose built ten bedroom guest house extension.

The five bedroom family house benefits from generously proportioned living space with
modern interiors, conservatory, dining room with feature bow window and stunning first
floor views over substantial private gardens. This is further accompanied an attached
recently purpose built AA 4* rated ten bedroom guest house/bed and breakfast wing.

In addition, subject to planning, further development potential is possible.

The property is situated within its own grounds of approximately 2 acres,
Local transport links are available nearby, providing access to Oxford and Wantage. Road
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Why is it hard?

Variety and volume Data quality

Thousands of sources; each different ) Different attributes, terminology, ...

Velocity: costly supervision g Technically challenging
Difficult task; fast changing websites Ever changing target (HTMLS, AJAX)

CONCLUSION:

Supervised techniques lack scale
Automatic techniques lack accuracy



Landscape

Automatic
Fully algorithmic

Manual
Ad-hoc

Active research
Scrapy & Pandas

First commercial
Very common products

Supervised

Human + algorithm Most commercial products



scapinghub.com

Mozenda

Connotate

promptcloud.com

Lixto

Blacklocus

import.io

diffbot.com

DIADEM

exploration identification



http://scapinghub.com
http://promptcloud.com
http://diffbot.com

DIADEM > The State of the Game

Need for Automatic Extraction

Example: Real Estate UK > 15000 sites

“ many not covered by aggregators

“ list of all agencies easy to get (source discovery)

“ but: manual or semi-automatic wrapping too expensive
® wrapper construction
¢ testing

® tracking changes

No existing tool or methodology can do it fully automatically




DIADEM > The State of the Game

Need for Automatic Extraction

All search engine providers need it! Many work on it.

¢ vertical search
© object search

¢ semantic search

no one really has done this successfully at scale
yel

current technologies are not good enough yet to
provide what search engines really need. [...] any
successful approach would probably need a

combination of knowledge and learning
Alon Halevy, Google, Feb. 2009




DIADEM > What?

Need for Automatic Extraction

An analysis of structured data on the web, Dalvi et al. (Yahoo) VLDB

2012
This study shows: significant long-tail effect for many

attributes

“ >1000 sites to get above 80% coverage required

Examples of these attributes:

“ phone numbers and home pages of companies
® restaurants, car sellers, hotels, banks, ...

“ |SBN of books

“ reviews of hotels and restaurants
for many kinds of information one may have to extract

from thousands of sites in order to build a
comprehensive database, even when we restrict to a
ajiven domain with known pobpular top site
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domain-centric intelligent automated
data extraction methodology




D IAD E M domain-centric intelligent automated
data extraction methodology
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domain-centric intelligent automated
data extraction methodology
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White Road, East Hendred

TOCATET W EaS T FIETOTeT, TITS TATPTESSTVETITteen bedroom New price §
property offers fantastic business and development potential. A five

bedroom family house is accompanied by a purpose built ten

bedroom guest house extension. The five [...]

@ Map \ v

rooms: 13 | Area: East Hendred

(@ View full details (&) 360" virtual tour () Arrange a viewing (%) Map view

or Lettings: Sales p Postcode Area: OX12
Bedrooms: 15 Bathrooms: 13 Furnishing: N/A -

@ @ O @ Area: East Hendred Tenure: Freehold Sq feet: 6648

Located within East Hendred, this impressive fifteen bedroom property offers fantastic
business and development potential. A five bedroom family house is accompanied by a

" Tab

Sale

purpose built ten bedroom guest house extension.

The five bedroom family house benefits from generously proportioned living space with Coming soon

modern interiors, conservatory, dining room with feature bow window and stunning first to OX2
floor views over substantial private gardens. This is further accompanied an attached ;

egist 0
recently purpose built AA 4* rated ten bedroom guest house/bed and breakfast wing. m

In addition, subject to planning, further development potential is possible.

The property is situated within its own grounds of approximately 2 acres,
Local transport links are available nearby, providing access to Oxford and Wantage. Road
users have easy access to the A34 (M40) towards London.




domain-centric intelligent automated
data extraction methodology

IADEM
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Sold &

Single entity (details) pages

Sales or Lettings: Sales

House Postcode Area: 0X12
Bedrooms: 15 13 Furnishing: NJA
@ @ O @ Area: East Hendred Tenure: Freehold Sq feet: 6648

Located within East Hendred, this impressive fifteen bedroom property offers fantastic
business and development potential. A five bedroom family house is accompanied by a
purpose built ten bedroom guest house extension.

The five bedroom family house benefits from generously proportioned living space with
modern interiors, conservatory, dining room with feature bow window and stunning first
floor views over substantial private gardens. This is further accompanied an attached
recently purpose built AA 4* rated ten bedroom guest house/bed and breakfast wing.

In addition, subject to planning, further development potential is possible.

The property is situated within its own grounds of approximately 2 acres,
Local transport links are available nearby, providing access to Oxford and Wantage. Road

users have easy access to the A34 (M40) towards London.
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domain-centric intelligent automated
data extraction methodology

Object
entification & alignment block analysis
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The five bedroom family house benefits from generously proportioned living space with Coming soon
modern interiors, conservatory, dining room with feature bow window and stunning first to OX2

floor views over substantial private gardens. This is further accompanied an attached .

recently purpose built AA 4* rated ten bedroom guest house/bed and breakfast wing bl

In addition, subject to planning, further development potential is possible.

The property is situated within its own grounds of approximately 2 acres
Local transport links are available nearby, providing access to Oxford and Wantage. Road
Users have easy access to the A34 (MA0) towards London
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White Road, East Hendred

TR n bedroom
property offers fantastic business and development potential. A five
bedroom family house is accompanied by a purpose built ten
bedroom guest house extension. The five [...]

ooms: 13 | Area: East Hendred

(@) View full details (&) 360" virtual tour () Arrange a viewing (&) Map view

Sold v

® ® C] ®

£1,499,950

© mace

Sales or Lettings: Sales Property Type: House Postcode Area: OX12
Bedrooms: 15 Bathrooms: 13 Furnishing: N/A
Area: East Hendred Tenure: Freehold Sq feet: 6648

Located within East Hendred, this impressive fifteen bedroom property offers fantastic
business and development potential. A five bedroom family house is accompanied by a
purpose built ten bedroom guest house extension

The five bedroom family house benefits from generously proportioned living space with Coming soon
modern interiors, conservatory, dining room with feature bow window and stunning first to OX2

floor views over substantial private gardens. This is further accompanied an attached

recently purpose built AA 4* rated ten bedroom guest house,/bed and breakfast wing. IESEESEOYS,

In addition, subject to planning, further development potential is possible

The property is situated within its own grounds of approximately 2 acres,
Local transport links are available nearby, providing access to Oxford and Wantage. Road
users have easy access to the A34 (M40) towards London.
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Property Type: House Postcode Area: 0X12
Bathrooms: 13 Furnishing: N/A —~
rea East Hendred Tenure: Freehold Sq feet: 6648 = &
Located within East Hendred, this impressive fifteen bedroom property offers fantastic
business and development potential. A five bedroom family house is accompanied by a
purpose built ten bedroom guest house extension.
The five bedroom family house benefits from generously proportioned living space with Coming soon
modern interiors, conservatory, dining room with feature bow window and stunning first to OX2
floor views over substantial private gardens. This is further accompanied an attached .
recently purpose built AA 4* rated ten bedroom guest house/bed and breakfast wing. LS CSERIetE

In addition, subject to planning, further development potential is possible

The property is situated within its own grounds of approximately 2 acres,
Local transport links are available nearby, providing access to Oxford and Wantage. Road
users have easy access to the A34 (M40) towards London.
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Knowledge Graph Management

Location

Snippets

Web Maps Images Videos News More ~ Search tools

About 2,740,000 results (0.32 seconds)

The Drake Hotel

www.thedrakehotel.com/ ~

No other Chicago hotel has inspired more legendary acclaim than The Drake. Fine
dining, Lake Michigan views, Chicago's Gold Coast neighborhood access.

4.2 Yk KK - 328 Google reviews - Write a review - £129v

o) 140 E Walton PI, Chicago, IL 60611, United States
+1 312-787-2200

Accommodations - Palm Court - Packages

The Drake Hotel (Chicago, IL) - Hotel Reviews - TripAdvisor
www.tripadvisor.co.uk » ... » lllinois (IL) » Chicago » Chicago hotels ~

% % %% Rating: 4 - 1,391 reviews - Price range: ££

The Drake Hotel, Chicago: See 1391 traveller reviews, 323 candid photos, and great
deals for The Drake Hotel, ranked #50 of 166 hotels in Chicago and rated 4 ...

Drake Hotel (Chicago) - Wikipedia, the free encyclopedia
en.wikipedia.org/wiki/Drake_Hotel_(Chicago) ~

The Drake Hotel, 140 East Walton Place, Chicago, lllinois, is a luxury, full-service
hotel, located downtown on the lake side of Michigan Avenue two blocks north ...

Magnificent Mile hotel Downtown Chicago - The Drake Hotel - Hilton
wwwa3.hilton.com/en/hotels/illinois/the-drake-hotel.../index.html ~

The Drake Hotel, a Magnificent Mile hotel in downtown Chicago, offers historic luxury
Chicago hotel accommodations, first class service and diverse dining.

The Drake Hotel, Chicago, lllinois | Hotels.com

uk.hotels.com » United States Hotels » lllinois Hotels » Chicago Hotels ~
Location. The Drake Hotel is located in downtown Chicago, adjacent to Michigan
Avenue's renowned shops and restaurants. This property stands three blocks ...

The Drake Hotel in Chicago: Hotel Rates & Reviews on Orbitz
www.orbitz.com » Hotels » United States » lllinois » Chicago Hotels ~

% %% %3 Rating: 4.3 - 172 reviews

The Drake Hotel, Chicago, lllinois: Find the best deals with user reviews, photos, and
discount rates for The Drake Hotel at Orbitz. Get our lowest rates or cash ...

The Drake Hotel (Chicago, United States of America) | Expedia

www.expedia.co.uk » ... » lllinois » Chicago Hotels ~

% %% %3 Rating: 4.5 - 1,579 reviews

The Drake Hotel - read reviews, look at the photos and get great deals. Book the The
Drake Hotel with Expedia now and save!

) ~—
1 N Lake
E Oak St Lake Shore Dr O’&
2
USH-& E Walton St E Walton Pl
VISIOn Map data ©2014 Google, fahbomn

=g F'_

The Drake Hotel

£129 Book v Directions Write a review

Address: 140 E Walton PI, Chicago, IL 60611, United States
Phone: +1 312-787-2200
Hotel class: 5 stars

Reviews

42 **** 328 Google reviews

More reviews: priceline.com, insiderpages.com, blackbookmag.com,
kudzu.com

People also search for

Omni Waldorf Chicago

Seasons Peninsula Chicago Astoria Marriott

Hotel Chicago Hotel Chicago Downtown

Chicago Hotel Magnificent
Mile

Are you the business owner? Feedback

Knowledge graph

Reviews



The Future of Data Storage and Access:
Knowledge Graphs

Next Al frontier: automating knowledge work

e 230 million knowledge workers worldwide

e Up to $6 trillion in efficiency gains to be unlocked from automating
knowledge-heavy business processes and subject-matter expertise

e Enterprises need a knowledge graph platform to encode human expertise
and automate complex decision-making

Operational Risk & Explainable Al

e Complex, rapidly increasing obligations in compliance and regulatory
reporting: > 50,000 yearly updates in worldwide financial regulation

e Enterprises need to provide audit trail on how automated decision-making
is made (e.g. GDPR gives EU consumers the “right to an explanation™)



Urgent need for Knowledge Graph Management
Systems (KGMS)

$150 billion worldwide market for knowledge management, predictive analytics,
regulatory and compliance software, with annual growth rate of 17.8%
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Urgent need for Knowledge Graph Management

Systems (KGMS)

Knowledge Graphs

MAANA
e
Graph Databases St? dog G!;?M Reasoners
AWS Amazon Neptune LOgICBlOX

@neoy) il [, RAINBIRD

cassandra
"o Cognitum
AIIegroFGml;aﬂp:? Artificial Intelligence
BN
poolparty

ORACLE

e

Business Intelligence

Graph databases only provide limited
reasoning over domain knowledge, and
don’t allow to encode & reuse expertise
across domains

Knowledge graph vendors lock in into
proprietary data formats, with costly
data migration

Reasoners do not scale on large network
data

Machine Learning-based approaches are
black-box, non-compliant due to lack of
audit trail, and introduce decision biase§,1



MANCHESTER

1824

VA :)A p rOj eCt 83/5?8;2[) The University of Manchester

e \VADA project is a scientific
collaboration between the Universities

88
of Oxford, Manchester and Edinburgh. ¢ g e
' QR o &
e VADA aims to create a state of the art™ ;% 9 Eg TONENy
i % aris 18
system for data wrangling and KG 2 P
[ S 3
creation and management. B o
e A Reasoning Engine Vista

REASONING

‘ Rule Repository

e Database connectors
e APIs to Machine Learning, NLP,
Constraint Solvers, Web Data

Extraction Yore
e A RESTful AP «d
e A User Interface 3 SAT,
e Commercial spinout — DeepReason.ai 13
a

‘ p DeepReason.ai



|

‘ > DeepReason.ai

DeepReason.ai’'s Knowledge Graph lets enterprises automate knowledge
workflows and build next-generation Al applications

5l o &

Al applications Query answering Knowledge bases Analytics Chat bots Dashboards

> _ DeepReason Enterprise
" Knowledge Graph

Data Silos ORACLE @ Bcel  @PNEOL] «%WServer m/‘zg: W rososar R
It unifies knowledge across siloed enterprise data, It provides a rich Al language to reason over
without data migration domain knowledge & business rules
It provides an audit trail for decisions: contributing It has an open architecture: integrates with Machine
factors, data source, and certainty Learning and connects to ontologies & data workflows

4




Data Management in DeepReason.al

. ORACLE
e DeepReason.ai can reason on any data schema

(relational, document and graph databases) in PostgreSQl_
contrast to most competitors which impose data

migration (into RDF or property graphs).

@neoqj

e DeepReason.ai works as in-memory virtual

knowledge graph, on a streaming basis with % i

distributed caching. . 5QL Server
e Ifrequired, it can use a privileged materialised /\*““‘33% 3

graph — such as JanusGraph, Cassandra, cassandra

DGraph — to store Knowledge Graph facts.

@ JanusGraph



Pure ML can often fall: creditworthiness example

HSBC 94

Credit Card
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Explanation
A machine-learning program has “reasonably” learned:

People who live in a joint household with someone who does not
pay their bills are likely to fail repaying their own debts.

This ethically questionable rule was applied to wrong data.




Explanation
A machine-learning program has “reasonably” learned:

People who live in a joint household with someone who does not
pay their bills are likely to fail repaying their own debts.

This ethically questionable rule was applied to wrong data.

A human credit rating expert would instead use of the rule:

If property owners move into their recently bought one-family
property, then the previous occupiers have most likely moved out.

This rule can be used to update the database before applying
machine learning.




Knowledge Graph Management Systems (KGMS)

KGMS combine the power of rule-based reasoning with machine
learning over Big Data:

KGMS = KBMS + Big Data + Analytics

Misusing the lateralization thesis for illustration

THREE SIMPLE RULES IN LIFE

'
1.IF YOU DO NOT GO 4

AFTER WHAT YOU WANT RULE KNS‘OWLEDGE !MACH.(LEARNING \ @
e-gi'v’—' }’
gl «—>  loGicAL | NERAL | 4—b

ALWAYS BE NO REASONING . NETWORKS

3. IF YOU DO NOT STEP
FORWARD, YOU

WILL ALWAYS BE IN
THE SAME PLACE

. subsymbolic
- self-learnec




Yikes, a
fly agaric!

Slow
thinking' ”

. el
RULEKNOWLEDGE MACH. LEARNING

8~ e
N eg

-~

LOGICAL " NEURAL
NETWORKS

.........

Grandma: “Fly agarics are
poisonous mushrooms.

If you eat a poisonous
mushroom, you may die”.



DeepReason.al Integration with ML

DeepReason.ai provides a tight integration between Logical Reasoning and
Machine Learning. It supports the most popular ML frameworks and
offers 3 modes of interaction:

wEKA

Ténsor
ML for Feature DeepReason prepares a relation as ML input.
Engineering ML classifies facts and sends them into the core reasoning system.
On-demand ML package acts as a special predicate.
classification Called by DeepReason’s core reasoning system.

o Rule mining: ML infers rules from data.
Rule Mining Rules are translated into probabilistic rules.



Deep

Reason.al Integration with Web Data

—xtraction

DeepReason.ai provides native integration with automated web data extraction
and loT, using the rich querying language OXPath accessible directly from its
reasoning engine.

Example VADALOG binding, extracting unstructured company registry data from the open web

@gbind ("Own", "oxpath",

"doc (‘http://company register.com/ownerships’)

/descendant::field () [1]/{S1}
/following::a[.#='Search’]/{click/} Oxpath
/(//al.#="Next’]/ {click/}¥

//div[@Qclass='c’]: [./span[l]:][./span[3]:1")

Furche, T., Gottlob, G., Grasso, G., Schallhart, C., & Sellers, A.. VLDB Journal, 2013



Deep

Reason.al |

DeepReason.ai offers a complete IDE to create, manage, evaluate, analyse and
debug Vadalog rules. It is based on the popular Jupyter environment. o

Ul Features:

Rule authoring, execution
Interaction with Python and R
Code analysis

Explanations (Proof Trees and
Audit Trails)

Visualisation

File Fdit View Run Kernel Tabs
2018-06-28 18:57
@ T b C
& # > DeepReason_Shared
Name - Last Modified
o
€ [ Gremlin 2 hours ago
c
& [ imgs a day ago
[ 1. KG Enrichment.ipynb 3 hours ago
g * M| 2. Entity Resolution.ip... 3 hours ago
é * A 3.1. Queryintentl.ipynb 3 hours ago
E * W 3.2. QueryintentMinin... 3 hours ago
o
* (M} OneLiners.ipynb 4 hours ago
* (Al Queryintentl.ipynb 4 hours ago
2
8  * [ QuerylntentMining.ipy... a day ago
)
3
o
@
£
=

Settings Help

B+ XD O g » @ ® C Code v

In [19]:

Company Control

Company Company1 controls company Company?2 if Company1 owns directly or indirectly

K¥explain("controls(""A"",""C"") . ").
controls(Companyl, Company2)

ownsIndirectly(Companyl, Company2, Sharel2) :-

ownsIndirectly(Companyl, Company2, Sharel2) :-

ownsDirectly("A", "B", 0
ownsDirectly("A", "C", ©
ownsDirectly("B", "C", 0.4).
ownsDirectly("c", "D", ©
ownsDirectly("8", "D", ©

@output("controls").

w%explain("controls(""A"",""chr) "),

Jupyter

o

t= ownsIndirectly(Companyl, Company2, Share), Share > 0.5.

ownsDirectly(Companyl, Company2, Share),
Sharel2 = msum(Share, <Company2>).

ownsIndirectly(Companyl, Company3, Sharel3),
ownsDirectly(Company3, Company2, Share32),
Sharel2 = msum(Sharel3 * Share32, <Company3>).

controls(A, C) :- ownsIndirectly(A, C, 0.6), 0.6>0.5 |

ownsIndirectly(A, C, 0.6) :- ownsIndirectly(A, B, 0.5), ownsDirectly(B, C, 0.4), 0.6=msum(0.5%0.4, <B>)

ownsIndirectly(A, C, 0.6) :- ownsDirectly(A

ownsDirectly(A, C

ownsIndirectly(A, B, 0.5) :- ownsDirectly(A, B, 0.5), 0.5=msum(0.5, <B>)

!



DeepReason.al Implementation

Knowledge engineering

o Domain knowledge and subject-matter expertise is translated into
rules-based model by data scientists.

o DeepReason.ai provides this in the initial pilot work, together with training
and maintenance

Connecting data

o Data sources within the enterprises are connected to the reasoning
engine, via streaming data connectors. External web data can also be
extracted automatically.

o For knowledge extraction from unstructured text, a combination of
Machine Learning, NLP and reasoning can be leveraged to perform
named-entity recognition, entity linking, schema and ontology mapping.



Central

Bank

Deep Reason.ai Use Case 1

Regulation Compliance/

Snippet example of rule set

x controls y if
x directly holds over 50% of y, or
x controls a set S of companies that jointly control y

-raud

control(X,Y) :- own(X,Y,W), W > 0.5.
control(X,Z) :- control(X,Y), own(Y,Z,W),
V=msum(W,<Y>), V > 0.5.

Detection



DeepReason.ai Use Case 2
Knowledge Creation — Fact Enrichment and Constraints

Example Domain Constraint: Non-overlapping CEOs

Any company in the KG can only have a single CEO at any point in time (with possible
missing data on start and end dates)

ceoPairOK(Organization, Jobl, Job2) :- ﬁCore constraint
ceoPositionWithEndDate(Organization, Jobl, EndDate),
ceoPositionWithStartDate(Organization, Job2, StartDate),
EndDate < StartDate.

ceoPairOK(Organization, Job2, Jobl) :- Inverse rule
ceoPairOK(Organization, Jobl, Job2).
ceoPosition(Organization, Jobl), Deriving the

ceoPosition(Organization, Job2), constraint violation

kg:violation(Organization, Jobl, Job2) :- '<i
not ceoPairOK(Organization, Job2, Jobl).
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Thank you for your attention!

Questions



