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* Decision makers have lots of data available

* Difficult to fuse this information into an integrated view

— Even harder to apply various reasoning techniques

Satellite imagery

Street maps

Structured online sources (e.g., phone books)
Cyber data (e.g., domain registration sites)

Social network data (e.g., facebook)

* Our goal

USC
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— An integration framework where users can interactively fuse

geospatial and other types of data
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* Karma [R. Tuchinda, C. A. Knoblock, P. Szekely, Building mashups by demonstration, 201 |]
* A fusion-by-example approach for extracting, modeling, cleaning and integrating geospatial sources
—  Does not require any programming or widget knowledge.
—  Focus on data, not on the process
—  Users specify fusion tasks by examples
—  Fusion results automatically displayed on a map

ano Karma e oo kminetworklink_example.html
Table Script Ontology Column N e - - -
1)) (e) ) (#) (B hup://iocalhost: 8080/ infofuse/Demo.ntml 72 v) @ Googe Q)
Most Visited ~ Getting Started Latest Headlines » Apple Yahoo! Google Maps YouTube Wikipedia News~ Popular~ > |
["yellowpage.csv  whitepage.csv  Beo_pointskml  Beo_streetskml  Source5 | ] kminetworklink examplentml ||+ =

@ yellowpage.csv ¥ whitepage.csv ¥ Beo_points.kml # Beo_streets.kml
Coordinates PlacemarkType Name Description Column r " O 3 3 s 0
. - > P4 : W B 4
20.453399419784546,44...|Line String ICARA LAZARA V. N, [
20.45507311820984,44.... |Line String NIKOLE SPASICA > R/ g
20.45578122138977,44.... |Line String USKOCKA R .

[nmn Clean  Integrate  Publish |

| Wrapper  Database  Excel CSV  KML  WebService |

Choose KML File|

|
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* Problem: Identify the address associated with each building that
can be identified in the satellite imagery

g
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Solution:
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After

— Step |:ldentify the street vector data, building locations and the phonebook data for

the given area (data retrieval task)

— Step 2: Reasoning over the data to generate a mapping between the addresses and
building locations (geospatial reasoning task)



USC Viterbi  Motivating Example (cont.) /ISI/

School of Engineering Information Sciences Insfitute

(‘

<

Data Sources

NI

Reasoning Services

z

Points Streets Yellow Pages White Pages
Locations of Labeled road Businesses info People info in
buildings network in area area
Find Closest Vector Parse Address
Find the streets that each Takes address and extracts
building could be located street name and building number
[Building Coordinat et Name(s)] uilding Number]
°
Map Points to Addresses
Returns possible address of ‘
each building
. - How to integrate
[Coordinate, Building Number; reasoning algorithms

and services into Karma?
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* Build a semantic model of reasoning services based on provided
ontology

— Data types of inputs and outputs, plus relationships between
them

* Interactively invoke services using semantic model of sources and
services

— Which services can be invoked using available data?

— Which sources can satisfy service inputs?

* Integrate outputs of service invocation with the other data

USC ;




Importing Sources

Data Cleaning g 5

Importing Sources

Source Modeling

Service Modeling

———
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Visualization

B W W Wy A B . P
Table Script Alignment Column
Sean__wanany ) A " whitepage.csv_| yell csv | Beo_pointskml | Beo_streetskml | Source5
Format to Exontt ~ i | Strina -
T& name ategory i |address
o DrA%avna Lutrija Srhije igre na sreAtu Phone: 011 202 9292 Serbia,Beograd,
9 8 8] n O rS ] Fun casino kazina Phone: 011 627 605 Serbia,Beograd,
L] Grand t.t. turistiAZke agencije Phone: 011 328 4955 Serbia,Beograd, U=
. . MenjaAZnica srbijalot menjaAZnice Phone: 011 263 1346 Serbia,Beograd,
Telefonski imenik Optika optika Phone: 011 263 3625 Serbia,Beograd,
UdruA%enje samostalnih u... [fotografi Phone: 011 263 2562 Serbia,Beograd, U—
3 \AniAZiA$ Slavko advokati Phone: 063 372 034 Serbia,Beograd,
or Fizicka lica | Apropo knjiA%are _ Phone: 011 262 5839 Serbia,Beograd,
;‘;-;";7 - DAI 2 74 Atlantik igre na sreAtu Phone: 011 262 3053 Serhia,Beograd,
‘ Eve“owpages_rs BM! ok Chip card bankarski sistemi Phone: 011 262 8961 Serbia,Beograd,
Ako nije ovde, mo2da i ne postofi \j‘"“ﬂ*‘"‘@ DrakuliAt Branko obuAtari Phone: 011 625 157 Serbia,Beograd, (v |
4 Il >
Mr

r Import ] Clean | Integrate | Publish |

(Wrapper | Database | Excel | €SV | KML | Web

Advanced search: (3) By address () By brand () By phone

vice | vic

Beograd vuka karadzica 2

Location Address No' o FILE

st your business Sortby: MNyga

G [choose csv File| [import Al Data| [ First line contains column names

efine search: Chinese restaurant 10

Ay category Peking N
My industry: Location: Beograd, Stari Grad, Vuka KaradZi¢a 2 TURL

ABanks Recommendations: Read recommendations; Write recommendatior)__

M . Description: U srcu Beograda, u pe3a&ko] zoni, sakriven od pogledz =
Air conditioners and air u svojoj tajnovitosti nalazi se najstariji restoran kineske kuhinje URL “

Arconditioning

' location:
- All locations
Stari Grad
Cukarica
Novi Beograd
Vracar
Obrenovac
Rakovica
Vozdovac
Savski Venac

A
S

A

Beogradu koji preko dve decenije svojim ambijentom, uslugont6Ql
kvalitetom daje poseban ugodaj gostima. Na ... >
Keywords: Restaurants Cattering

Karma uses
wrappers to extract
web pages

Alr conditioners and air conditio
Delta frigo

Location: Beograd, Obrenovac, Vi
Recommendations: Read recomi
Description: See description of cq

information

Download from URL|

Bank

Erste bank

Location: Valjevo, Vuka KaradzZic¢a 2

Recommendations: Read recommendations; Write recommendatior

" San daacrintion of Ers nk
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Source Modeling
Service Modeling
Data Fusion

Visualization

v ——
\

Data Cleaning

pemm——

ASI-

———

Information Sciences Institute

e WV W g gV T N W W e S e o ey o Y

| whitepage.csv  Source2 Oanﬁlp'l'ahl.-]';
h

String Data Type Dat
Column Name User Defined Values
| CARA LAZARA&NDsp;15/2, BEOGRAD € RA LAZARA 1I5/2.BEOGRAD

CARA LAZARA&NDsp;13/21,BEOGRAD

NIKOLE SPASICA&nbsp;2,BEOGRAD

\

LR

Karma uses learned transformation
rules to remove all instances of &nbsp

&nbsp

\ User provides examples
of address without

v rh ——— s

| whitepage.csv  Source2  Cleaning 'I'-blm](‘
{

String Data Type Dat
User Defined Values
CARA LAZARA&NDsp;15/2 BEOGRAD CARA LAZARA 15/2, BEOGRAD :

CARA LAZARA&nDsp;13/21,BEOGRAD

CARA LAZARA 13/21,BEOGRAD

4
J
}
1
|
| Column Name
E
i
}

NIKOLE SPA§ICA&nbsp;2,BEOGRAD

P SN

g

'NIKOLE SPASICA 2.BEOGRAD

SRS PRFSSN . ‘-LE

B T WU NS W A
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Visualization

* Karma automatically builds models of data according to provided
ontology

— Models help user to process data and integrate them

* ldentify the semantic types

— Supervised machine learning technique (CRF Model)

" A. Goel, C. A. Knoblock, K. Lerman, Using conditional random fields to exploit
token structure and labels for accurate semantic annotation, 201 |

* Identify relationships among the data columns

— Find the minimal tree that connects the semantic types

= C. A. Knoblock, P. Szekely, J. L. Ambite, S. Gupta, A. Goel, M. Muslea, K.
Lerman, Interactively Mapping Data Sources into the Semantic Web, 201 |

USC \
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Visualization

Modeling YellowPages ASIl

|. Karma uses CRF
technique to assign labels
to each data column
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AddressStrino @
hasName
hasCity

EEi

hasCountry hasName

hasPhone

Business hasBuildingNumber

BuildingNumber

hasCategory hasAddress

. BusinessCategory hasName
& hasVector

Legend

@@ Class hasPoints
@» DataType
@ > @ Object Property

Point

@:atit@
@ hasAltitude

hasLongitude

@ > @ Data Property
tring BusinessCategory AddressString Phone
name category address telephone
Drzavna Lutrija Srbije igre na srecu Serbia,Beograd, Vracar, Uskoc... |Phone: 011 202 9292
Fun casino kazina Serbia,Beograd, Uskocka 4 Phone: 011 627 605
Grand t.t. turisticke agencije Serbia,Beograd, Uskocka 7 Phone: 011 328 4955
Menjacnica srbijalot menjacnice Serbia,Beograd, Uskocka 4 Phone: 011 263 1846 10




Importing Sources
Data Cleaning
Service Modeling
Data Fusion

Visualization

Modeling YellowPages

Source

ll. Karma selects the smallest
tree that connects these
semantic types and shows it at
the top of the data worksheet.

hasPhone

Business

hasBuildingNumber

BuildingNumber,
hasCategory

BusinessCategory

€Iy

Legend
@» Class
@» DataType
@ > @ Object Property
@ > @ Data Property

{y.lowpam . Source2 |

”| Business

hasName/‘ &hasVector
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AddressStrine @
hasName
hasCity

LD

hasCountry hasName

hasAddress

losestVector

@
hasAltitude

ha
hasPoints

@vl_atlt

hasLongitude

E] (hasName) String

E] (hasCategory)

[Z] (hasAddress) Address

[I] (hasPhone) Phone

BusinessCategory
B (hasValue) AddressString
String BusinessCategory AddressString Phone
name category address telephone

Drzavna Lutrija Srbije

igre na srecu

Serbia,Beograd, Vracar, Uskoc...

Phone: 011 202 9292

Fun casino

kazina

Serbia,Beograd, Uskocka 4

Phone: 011 627 605

Grand t.t.

turisticke agencije

Serbia,Beograd, Uskocka 7

Phone: 011 328 4955

Menjacnica srbijalot

menjacnice

Serbia,Beograd, Uskocka 4

Phone: 011 263 1846
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Data Cleaning

Source Modeling ° ° ISV
Modeling Web Services £
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Visualization

* Semantic models of web services facilitate service invocation,
discovery, and composition

* Karma allow the user to interactively build a model
— User provides examples of service input and output

— Modeling services can be done like data sources

z

12
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Service Modeling
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Visualization

Modeling of Parse Address
Service in Karma

[II Address | - M

AS1-
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.*| (hasValue) AddressString [Z] Parse Address

[#] hasRawString
AddressString gulRERRRLELT -

AddressString String - B ’
T Strest hasBunIdlngNumber . ’

|ICARA LAZARA 15/2, BEOGRAD RA LAZ

hasStreet

[cArA LAZARA 13/21, 6] @ A & BulldmgNumber w
hasName

INIKOLE SPASICA 2, BEOG

Choose amne’
Class: m
O Add

() Business hasBuildi er (Domain: Address)
) Ciry () h in- iness)
f [.7] Address
E (hasValue) AddressString m (hasStreet) Street D (hasBuildingNumber)
BuildingNumber
[Z] (hasName) String
AddressString String % |BuildingNumber *
Address Street Number
lCARA LAZARA 15/2, BEOGRAD |[CARA LAZARA 15 e Final service
"CARA LAZARA 13/21, BEOGR... |[CARA LAZARA 13 model
NIKOLE SPASICA 2

Create new one:

13
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Source Modeling
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Visualization

* Ability for users to interactively invoke services on other data sources

* Semantic models make it possible to:

— Automatically determine which services apply to the available data

— Perform automatic transformations on data to get it into the required
format to apply a service

— Automatically compose services and sources to generate required data

[ Import | Clean | Integrate | Publish |

[ Wrapper | Database | Excel | CSV | KML |" WebService | WebServiceModeling |

Web Services Inputs Outputs

WebService Name

Find Closest AOOress(iddress) \ -StreetName

arse Address Manually Input Value |w] - BuildingNumber

Map Points to Addresses Manually Input Value
i — e —

whitepage. csv

Source3

Karma identifies which

source and which

elements of that source
satisfy this invocation.

z

14
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Visualization YeI | ow
[ yellowpage.csv  Source2 | Pages
.* Business
D (hasName) String D (hasCatego D (hasAddress) Address D (hasPhone) Phone
BusinessCatgfory
B (hasValue) AddressString
\ R
String BusinessCatggory AddressString Phone
_ White
name category address telephone Points Streets P
ages
Drzavna Lutrija Srbije igre na srec Serbia,Beograd, Vracar, Uskoc... |Phone: 011 202 9292 3
Fun casino kazina / Serbia,Beograd, Uskocka 4 Phone: 011 627 605
Grand t.t. turistifkﬁencije Serbia,Beograd, Uskocka 7 Phone: 011 328 4955
Menjacnica srbijalot mepifChice Serbia,Beograd, Uskocka 4 Phone: 011 263 1846
Find Closet Parse Address
Vector

Input

Map Points to

| (hasStreet) Street Addresses

D (hasBuildingNumber)
BuildingNumber

| (hasName) String

BuildingNumber
Number
ARA LAZARA 15/2, BEOGRADRCA 15
ARA LAZARA 13/21, BEOGR..

15
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Invocation Results
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* Results of invocation are returned as another source that can be
refined, integrated with other sources, visualized or published

l

z

— Y -

Y — T —y g - —" O W s g™

e ‘—["‘G.;F,';.;',.R.‘",r*“ D e |

4

7| Point 4

£

1

D (hasLongitude) Decimal m (hasLatitude) Decimal m (hasAddress) Address ||

d

d

D (hasValue) AddressString r:

[

I

Decimal Decimal AddressString

Longitude Latitude AddressList i
20.45329213142395 44.81892469068898 4-CARA LAZARA

20.45383930206299 44.8189931839843 1-CARA LAZARA !
20.45408606529236 44.81883336616863 3-CARA LAZARA
20.454246997833252 44.81861266464735 5-CARA LAZARA

20.454407930374146

44.81848328750073

7-CARA LAZARA, 2A-NIKOLE...

20.45408070087433

44.81826638986837

4-NIKOLE SPASICA

s e Py =

A A PRALE AL DO AORLO OOt o _aomaadd®. QA OE AN E6E 680 A oo M oo

S A _ALUEOLE SDACKEAS a0 4 o et
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Visualize Final output A5l
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Visualization

(yellowpage.csv [ whitepage.csv # Beo_streets.kml ()Beo_points.kml () Find Closest vector #Parse Address #Map Points to
Addresses

C o e
Map | Satellite | Hybrid

17
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* Exploit ontologies to attach semantics to geospatial services
— [L. Di, et. al., 2006], [P. Yue, et. al., 2010]
— User has to manually annotate the services according to an ontology like OWL-S
— They model input and output types but not relationship among them

* Linked Open Services (LOS)
— [B. Norton, R. Krummenacher, 2010]
—  Services that consume linked data as input and also return linked data as output
— Use SPARQL to describe service inputs and outputs

— Describing services might be easy for Linked Data community, but not for average
Internet users

* Google Fusion Tables
— [H. Gonzalez, A. Halevy, et al. 2010]
— Import data from various source types and invoke web services
— Allows advanced visualization
— Integrating data from different sources is possible but without exploiting semantics

USC

Information Sciences Institute
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* Karma allows users to quickly and easily dynamically fuse a wide
variety of geospatial data sources

* Modeling geospatial services is a big step in geospatial data fusion

* Based on provided ontology, Karma semi-automatically builds a
semantic model of reasoning services including both input/output
datatypes and their relationships

* Semantic descriptions enable user to easily find the desired
service and invoke it using available data sources

USC 1
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* Applying the service modeling techniques to available REST web
services

— Create the service model just based on service invocation
samples

* Answer queries like “Can | have the street names of the cities
whose distance to Los Angeles is less than 50 miles?”

— Automatically compose available web services using loaded
data sources

* Publishing semantic description of web services in formats such as
LOS

USC
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