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WHAT IS A GEOSPATIAL MASHUP?

Integrated View of data combined from diverse data sources
on a Map
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MOTIVATION: CRISIS MANAGEMENT

Characteristics of decision-making in such scenarios:

» Employs multiple data sources with heterogeneous data
access and data representation types

» Takes place in time-sensitive environment: Every decision
has to be taken promptly

» Various data visualization techniques are used such as
graphs, timeline charts, etc. to understand the data better
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MOTIVATION: CRISIS MANAGEMENT

» Analyst employs multiple data sources for decision-making
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MASHUP BUILDING ISSUES

Evacuation Centers Emer. Coordinator Injury statistics in Google News Website
CSV Text File MySQL DB Excel Spreadsheet
R ivac;e‘:':::i::[_m' Address, City oy PH DaAte INJUBRlES GO()gle neWS 'Fange
i E: ::;:E Ralph Nunez City of El Monte 326-789-2738 1 / 9 / 07 20:00 18
Lisa Derderian CilyofPasaiiena _ 326-342-2396 _ 1/9/07 14:00 5
1/8/07 20:00 2 News
1/e/n7 14NN 1A

DATA RETRIEVAL
e 22—

SOURCE MODELING
R

DATA CLEANING
N ——

DATA INTEGRATION

DATAVISUALIZATION
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| Fetch CSV

EXISTING APPROACHES

Existing solutions require some prior programming knowledge

w

| Feed Auto-Discover - »

[FetchFeed 2~

(FetcnFeea ) || “URt O URL
W @ feed:iwww.digg.comirss/index.xm ©  feed:irss.slashdotorg/Sla:
(Fetch Site Feed ) b g “
(Flickr  a»)
(hemBuilder )
(Yahoo!Local )
User inputs
Operators
Url
String r
Date [ Filter . 4
:m:::" [ Block %] itemsthatmatch [all %) ofthe following
ul r
Favorites “ Rules
My pipes © item.title » [ Contains  +]IRS
Deprecated @
A
fmpe.m:pu;‘—§

|. Mostly based on Widget Paradigm

- Widgets (i.e., 43 for Pipes, 300+ for MS)
represents an operation on the data

- Locating and learning to customize widget
can be time consuming

2. None of the current tools support
customized data visualization!

Can we come up with a framework that addresses all of the
issues while still making the Mashup building process easy?



OUR APPROACH

» In our earlier work, we introduced Programming-by-
Demonstration approach to Mashup building.

Does not require any programming or widget knowledge.

Enables user to create a mashup by simply demonstrating the
system on one or more concrete example.

» We present a Programming by Demonstration approach
to support customized Data Visualization.



KARMA USER INT

Karma
Table

CRFACE

B=1E3

4

-

Sourcel | Source? |

PR-TimeDuration PR-Number

Data Type

Data Ty|

Date StockValue

Column Name

Column|

2009-07-31 00:00:00 446.04

2009-07-24 00:00:00 429.88

2008-07-17 00:00:00 41617

2008-07-10 00:00:00 406.5
2008-07-02 00:00:00 426.0
2008-06-26 00:00:00 416.95
2008-06-19 00:00:00 4215
2008-06-12 00:00:00 4395
2009-06-05 00:00:00 418.73
2009-05-29 00:00:00 391.95
2008-05-22 00:00:00 394.73

2008-05-15 00:00:00 402.8

200 17

Various Information
Integration
Operations

/_

[4]

Data Table — Spreadsheet
Type Interface

-

[1*]

Import [ Clean I Integrate I Publish

[ Wrapper | Database [ Excel | TextFile | KMLFile |

Choose Excel File

Data Source Types

N

Currently Supported

by Karma




DATA R]

L TRIEVAL

» Karma facilitates retrieval of data from structured data-sources, such as
Excel spreadsheets, MySQL databases and CSV files.

» Karma also facilitates the extraction of data from semi-structured data

sources such as web pages.

[=] EwvacCenters List.txt |

1 hvacCenter_ID, Address, City

2 Evac Center 1, 31 W Woodruff Ave, Arcadia
Evac Center 3, 12116 Hallwood Dr, El1 Monte
Evac Center 4, 8805 Marshall 3t, Rosemead
Evac Center 7, 131 W Cypress Ave, Monrovia
Evac Center 5, 12021 Exline 5t, El Monte
9, 857 Chapea Rd, Pasadena

-] o N b W

Evac Center

CSV Text File

A 3 C
Date INJURIES FATALITIES
1/9/07 20:00 18 12
1/9/07 14:00 5 8
1/8/07 20:00 2 3
1/8/07 14:00 14 7
1/7/07 20:00 25 |
1/7/07 14:00 34 9
1/6/07 20:00 52 15
1/6/07 14:00 34 11

0 Excel Spreadsheet

NAME___ | CITY | PHONENO.
Ralph Nunez City of El Monte 326-789-2738
Lisa Derderian City of Pasadena 326-342-2396
John Baenen City of Burbank 232-323-4356

.......

MySQL Database

Got)gle NEWS los angeles earthquake (_Search )
News
Top Stories e - UN appeals to members

k| Press TV - 2 hours ago

% "Before last month's disaster, we
# reconstruction," Ban said, accord

More sections v

> All news L 4 AR

HTML Web Page



DATA RETRIEVAL

» The retrieval of data from structured data-sources, such as Excel sheets
and CSYV files is done through a drag and drop mechanism.

» The user is only required to select a sample data-element and drop it into
Karma’s data table.

‘ Sourcel & Source2

PR-String Data Type
EvacCenter_ID Column Name
S Evac Center 1

|==| EvacCenters List.txt Evac Centor3 |

EvacCenterdly Add [E¥acCenterd
< Evac Center 7
Evac Center 1, Evac Center 5
Evac Center 3, 121|EvacCenterd
| Evac Center 4, 880 <]
Evac Center 7, 131 OPEN OUTE
Evac Center 5, 120
_ ~ | Import ' Clean | Integrate | Publish
‘ Evac Center 9, 857
Wrapper | Database | Excel | TextFile | KML File

Choose Text Filel v | First line contains column names



DATA R]

» Extraction of data from HTML web-pages is done using software wrappers.

L TRI

VAL

Table

[(Source1 | Source2 |

PR-String PR-String PR-String PR-String |PR-String Data T~
Headline Summary Url Datetime Source Colum
UN appeals to member... "Befare last month's dis... |hitpinews.google.com/... |9 hours ago Monsters and Critics.com

LOS ANGELES EARTH... |Author: AP. Doctars hav... |hitp:finews.google.comi... |1 hour ago Los Angeles Times

Not guilty plea...Digging... |LOS ANGELES (AP) — ... |hitp:iinews.google.comd... |17 hours ago 9&10 News

Style Star: Rihanna Rihanna performs on st... hitpifnews.google.com!... |2 hours ago Access Hollywood =
6.0 Earthguake in Califo...|According the the US G... |hitp:finews.google.com/... Feh 4, 2010 Gather.com

Haiti is a reminder of ho.../In the aftermath ofthe d... |hitp:finews.google.com/... |Feh 8, 2010 Los Angeles Times

Earthquakes Weekly Up...|... former Seattle Sound... |hitp:iinews.google.comd... |17 hours ago OurSports Central (pres...

US & World News, Tue... |Meanwhile, about 500 r... |hitpiinews.google.com/... |1 hour ago WV —
Shake, Shake, Shake But the US Geological S.. |hitp:ifnews. google.com/... |15 hours ago Nyttt = =

At a Haiti school's reop... |(Carolyn Cole / Los Ang... |hitpiiinews.google.com/... |Feb 1, 2010 Ly

<

[ Import | Clean | Integrate | Publish |

[ Wrapper | Database | Excel | TextFile | KMLFile |

[Load Fetch Agents Repository|

Wrapper Library: Karma lists
all the available wrappers on
the local machine.

~

/

Fetch Agents

Wrapper Name Input Parameter Names |Output Parameter Names Input values Xecute
Alacra2 CompanyType, Compan...|CompanyName Addres... Execute
flightStats2 airpor, aitlines Execute
GoogleNews Headline, Summary,Utl,... |Los Angeles Earthquake Execute
GoogleSearch searchinfo Execute
LATimes SearchQuery Execute
SICCodeDescription psic Category IndustryGroup, ... Execute

Enter values for input parameters in yellow column to execute wrapper!




SOURCI]

. MOD]

CLING

»  Karma automatically generates the semantic types of each attribute to

learn the underlying model of the data source.

»  Supervised machine learning techniques are used to generate a set of
patterns for each semantic type from training data.

" Sourcel I"Sourcez “ Source3 I

ClPR-string ) PR-String
ress City
2353 Portland St. Los Angeles
543 Orchard Ave. Burbank
417 Glenmoor Cir. Milpitas
6472 Hawthorne Blvd Pasadena
325 Abbot Ave. Santa Clara

Initial Semantic Type

" Sourcel F Source2 | Source3 |
PR-Address PR-String
re ress City

2353 Portland St. Los Angeles
‘ 543 Orchard Ave. Burbank

417 Glenmoor Cir. Milpitas

6472 Hawthorne Blvd Pasadena

325 Abbot Ave. Santa Clara

Manually label the data with the
correct semantic type for training

i "Source2 | Source3 | Sourced
PR-Address ) PR-String
Ridress— EvacCenter_ID

31 W iWoodruff Ave

Evac Center 1

12116 Hallwood Dr

Evac Center 3

8805 Marshall St

Evac Center 4

131 W Cypress Ave

Evac Center 7

12021 Exline St

Evac Center 5

857 Chapea Rd

Evac Center 9

When the new data is imported

of same type, Karma

automatically labels it correctly



DATA CL.

CANING

» Karma performs the data cleaning by learning and applying the
transformation rules that are learnt from the user specified example.

» Example:

.1 Sourcel | Source?

|PR-String PR-String

City Coordinator_Name
City of Agoura Hills Carol Tuhelis

City of Alhambra Bat. Chief Ray Mosack
City of Arcadia Chief Dave Odell

City of Artesia Madalena Galindo
City of Duarte Brian Villalobos

City of El Monte Ralph Nunez

Initial data source

J Sourcel | Source2 | Source3 |

|PR-String PR-String

City Coordinator_Name
Agoura Hills Carol Tubelis
Alhambra Bat. Chief Ray Mosack
Arcadia Chief Dave Odell
Artesia Madalena Galindo
Duarte Brian Villalobos

El Monte Ralph Nunez

Data source after cleaning

|4

=)

¢ a

(Sourcel | Source2 [ Cleaning Table |

|PR-String Data Type

City User Defined Yalues
City of Agoura Hills Anoura Hillsl

City of Alhambra
City of Arcadia
City of Artesia
City of Duarte

~itw aF Fl Manka

User provides example

NG

[ Sourcel | Source2 [ Cleaning Table |

|PR-String Data Type

City User Defined Yalues
City of Agoura Hills Anoura Hillsl

City of Alhambra Alhambra

City of Arcadia Arcadia

City of Artesia Artesia

City of Duarte Duarte

City of El Monte El Monte

Karma applies the learned transformation rules over remaining data



DATA INTEGRATION

» Karma detects and ranks its potential integration with other sources based
on the common attribute names and matching semantic types.

» Karma suggests potential joins between the current data sources in the
form of column completions.

l Sourcel i Source2

PR-String PR-Address PR-String ata Type

EvacCenter_ID Address City olumn Name

Evac Center 1 31 W iWoodruff Ave Arcadia

Evac Center 3 12116 Hallwood Dr El Monte |

Evac Center 4 8805 Marshall St Rosemead |

Evac Center 7 131 W Cypress Ave Monrovia |

Evac Center 5 12021 Exline St El Monte |

Evac Center 9 857 Chapea Rd Pasadena 1
|

Column completion



DATA INTEGRATION

ISoll'l:el rﬁourcez rSourceS ]

R-String

|PR-Address

Karma suggests the possible column completions in a drop down

list

r Sourcel | Source2 | Source3 |

PR-String |Data Type
vacCenter_ID Address City Select Column Name!
vac Center 1 31 W Woodruff Ave Arcadia Column Name
vac Center 3 12116 Hallwood Dr El Monte Name
vac Center 4 3805 Marshall St Rosemead Phone "'Kh
vac Center 7 131 WY Cypress Ave Monrovia
vac Center 5 12021 Exline St El Monte
vac Center 9 857 Chapea Rd Pasadena
Ty " PH
< I Ralph Nunez City of El Monte 326-789-2738
[ Import | Clean | Integrate | Publish | : - : : : : - :

MySQL Database loaded as a
another source in Karma

|PR-String

PR-Address PR-String ]PR-String
EvacCenter_ID Address City Name
Evac Center 1 31 W iWoodruff Ave Arcadia Chief Dave Odell
Evac Center 3 12116 Hallwood Dr El Monte Ralph Nunez
Evac Center 4 8805 Marshall 5t Rosemead Donna YWagner
Evac Center 7 131 W Cypress Ave Monrovia Dave Dennis
Evac Center 5 12021 Exline St El Monte Ralph Nunez
Evac Center 9 857 Chapea Rd Pasadena Lisa Derderian

Karma executes the join query once the user selects an option and displays the result

16



DATA VISUALIZATION

» Definition: Representation of data in a visual form to amplify
cognition.
» Example: Timeline charts, Graphs, Tables, etc.

» Application:
Summarization of large data
Providing qualitative overview
Detecting patterns, anomalies and relationships in data

|dentify regions of interest in large and complex datasets

CRITICALTOOL FOR EFFICIENT DATA ANALYSIS!

g

CRITICAL IN CRISIS AND DISASTER SCENARIOS

|7



4

Example:

DATA VISUALIZATION

Which evacuation center is handling more casualties than
its capacity?

tooo\:cnn.uwwo-o

A
Evacuation Center ID

VWoONOOTUPAWNF

B
Casualties

13
12

35
44
39
42
53
87
26
21
73
56
42

Capacity

40
40
40
40
40
60
60
60
60
60
60
60
90
90
90

100

90

80 -

70

60

50

40

30

20

10 +—

Casualties
M Capacity

BETTER VISUALIZATION!



VISUALIZATION BY D

CMONSTRATION

» The user demonstrates the desired data visualization by specifying some examples using a drag
and drop mechanism. E.g.Visualize News data as bulleted lists in final mashup:

lNewsData [ Sourcez |

[PR-String PR-Date PR-String PR-URL |Data Type [«]
“H_eadline Date Summary Li R
KILLER QUAKE: AFTERSH... |1/9/2007 The anniversary Tuesday of. Preview Generated

LOS ANGELES EARTHQU... [1/9/2007 Author: AP. Doctars have lo... | hitp: m\
Man Indicted in Earthquake... [1/9/2007 This is considered the larg... |hitp:fwwew.reuters.comfani... "_\

4.9 Earthquake Rattles Muc...|1/8/2007 A series of aftershocks fro... |hitp:fiwwaw.staugustine.co...

=y

MINOR EARTHQUAKE SHA...[1/9/2007

A moderate earthquake jolt...

hitp:fiwwaw. reuters.comiarti...

7~ Output Preview |
\\ Window
[ TT— T~ =

1

Lo l»

@ KILLER. QUAKE: AF TERSHOCKS
OF CHAOS FEAR WORLD AWAY
BUT

The anniversary Tuesday of the
terrible Los Angeles earthquake was
supposed to be a day of celebration ||

A tivna ta laols hacls smeondlsr an tha

<]

|"" Import I Clean I Integrate ] Publish I

[ w
N (Drag data to this section for List formnat)

[HTML | KML | XML | CS¥ TextFile | Database |

Publish HTML

[=] save HTML

LIST FORMAT

format)




VISUALIZATION BY DEMONSTRATION

Karma currently supports four types of visualization formats:
I. Chart Format:

Useful for visualizing:

- Numerical Statistics

- Time Based Events

Karma uses Google Charts APl to dynamically generate charts in final mashup.

Karma attempts to find the best suitable chart for data using its semantic types.

, . TimelLine Chart
,l Wbd_l:M_4.H|S I SNEes I I/L did not find leak Replace tbg. w/ 88 jts
|PR-DateTime |PR-String nber P&A well see WEI

Date lEvent dwn split replace 40 class|A 47 yellow

1988-12-14 00:00:00 Pump Failure /L 6th Jt §plit in Poly Ibg Hydro ITest fbg OK ¢

2000-08-31 00:00:00 L 86 dwn split replace 40 clas Purap Faihre

2001-01-05 00:00:00 TiL did not find leak Replace thg.....—— |

2003-07-21 00:00:00 TIL 6th Jt Splitin Poly Thg, Hydro...

2004-11-04 00:00:00 P&A well see WBD T
|2006-07-29 00:00:00 52.0 150 " b

T AT T ATIEAS A™M

20



VISUALIZATION BY DEMONSTRATION

Karma currently supports four types of visualization formats:
2. Paragraph Format:

Useful for visualizing descriptive text data such as Wikipedia definitions.

Paragraphl: Los Angeles (pronounced Abs

[ »

J‘" Sourcel I’ Source2 I 'zndzalas/ los-AN-ja-las; Spanish: [los

= anxeles], Spanish for "the angels") is the
||PR-Str|ng largest city in the state of California and the
|Paragraph1

second largest in the United States.[1] Often
abbrewviated as L.A. and nicknamed The City
of Angels, Los Angeles has an estimated

population of 3.8 million[2] and spans over |+

Los Angeles {pronounced .JLos Angel

3. List Format;:

. Useful for visualizing information in a bulleted list such as list of summarized news
articles . =]
({Sowcenn] souce? | @ KILLER QUAKE: AFTERSHOCKS |=
: OF CHAOS, FEAR WORLD AWAY
|PR-String PR-DateT BUT
ﬂr::EIII:eQUAKE: AFTERS - ;r hé;n’}iwi? elT ue;‘;fl °ufa;<h i
LOS ANGELES EARTHQ 2007 SZ‘;;OZE d°:0 bega ;:y y ciebrzt?;s
Man Indicted in Earthquake... [1/9/2007 a time 10 look back proudly on the ’
4.9 Earthquake Rattles Muc...[1/9/2007 D =

MINOR EARTHQUAKE SHA...|1/9/2007

21



VISUALIZATION BY DEMONSTRATION

Karma currently supports four types of visualization formats:
4. Table Format:

Useful for visualizing information that is best presented in a row-and-column
format such as numerical values etc.

J/ Sourcel [ Source2 I el
Evacuation Center ID Casualti Il i |23 . l“” 5 |
1.0 : : :

2.0 2.0 |13.0 l40.0

i'g ;20'0 3.0 |12.0 l40.0

5.0 35.0 [4.0 [o.0 [s00 |~
6.0 44.0

22



RESULTS CAN BE PUBLISHED
IN MULTIPLE FORMATS

» Karma lets you export your final mashup in variety of formats:

HTML Page

Database table

KML Layer
XML File

CSV Text File

150urcel | Source2 | Source3 | Sourced |

|PR-String PR-Address PR-String PR-String PR-String
EvacCenter_ID Address City Coordinator_Name Phone
Evac Center 1 31 W iWoodruff Ave Arcadia Chief Dave Odell (626) 574-5102
Evac Center 3 12116 Hallwood Dr El Monte Ralph Nunez (626) 580-2065
Evac Center 4 8805 Marshall St Rosemead Donna Wagner (626) 569-2102
Evac Center 7 131 W Cypress Ave Monrovia Dave Dennis (626) 256-8104
Evac Center 5 12021 Exline St El Monte Ralph Nunez (626) 580-2065
Evac Center 9 857 Chapea Rd Pasadena Lisa Derderian (626) 744-7276
< i I

T Import | Clean | Integrate | Publish | T

[ HTML

ML | XML | CSY TextFile | Database |

\

Different mashup

publishing options

23




» Final mashup output in HTML web page format:

AUTOMATICALLY FINDS
GEOSPATIAL REFERENCES

e —

(PR-String

———
P PR-String . PR-String PR-String Data T~
EvacCenter_ID ddress City Coordinator_Name Phone Colum
Evac Center 1 / 31 W iWoodruff Ave Arcadia ief Dave Odell (626) 574-5102
Evac Center 3 12116 Hallwood Dr El Monte REN'\ Nunez (626) 580-2065
Evac Center 4 8805 Marshall St Rosemead Donfga YWagner (626) 569-2102
Evac Center 7 131 W Cypress Ave Monrovia Da\fIDennis (626) 256-8104 =
Evac Center 5 X 12021 Exline St El Monte Mﬂh Nunez (626) 580-2065
Evac Center 8 8957 Chapea Rd Pasadena _7Lisa Derderian (626) 744-7276
‘/ —
AN
A\
AN
A\ |
N e
d A\ D

[Import | Clean | Integrate | Publish

[(ATML | KML | XML | CSV TextFile

Publish HTML

A\

* Geospatial references automatically detected using semantic types.

@ KILLER. QUAKE: AF TERSHOCKS
OF CHAOS FEAR WORLD AWAY
BUT
The anniversary Tuesday of the
terrible Los Angeles earthquake was
supposed to be a day of celebration

A tivna ta laals hacls smeandie an tha

Line Chart

Jul-2009  Jul-2009  Jul-2009  Jul-2009

-#- Casualities -®- Injuries

* Google geocoding service used to get coordinates.
* Markers are placed on those coordinates in the final mashup.

24

PARAGRAPH FORMAT

(Drag data to this section for Paragraph
fortnat)
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CONSTRUCTS A MAP WITH
USER-DEFINED LAYOUT

» Final mashup output in HTML web page format:

EvacCenter: Evac Center 5

N R amor P Address: 12021 Exiline St
E ) City: El Monte
2 K'a':;';’a Contact: 326-789-2738
ESC Name: Ralph Nunez
Northeast [l Il c.c2 GOOGLE NEWS WEBSITE:
Madre * UN appeals to members for $1.5 bn Haiti aid
Ly "Before last month's disaster, we had a plan for Haiti's long-term
: development and reconstruction,
—— - N —_ W Footl * LOS ANGELES EARTHQUAKE BLAMED FOR HEART ATTACKS
h | @ - Foothil FWy_' Author: AP. Doctors have long suspected that sudden stress can
Y trigger cardiac arrest, and ... z
= Del Mar T T ‘f
East Arcadia | CURRENT STATISTICS g
asadena ~ oo \Zusa g
- :
/\ D R
40 AN = |NJURIES
East San - / ——CASUALTIES |
Gatins) W M|
Mayflower 10 "
Longden Ave illage ol S~ hrus
Temple Cit
P ) North EI .
Rowdand Monte
- ‘ Vincent
in Gabriel El Monte i
; £ = Covina
: P g
- El'Monte ‘
-]
Rvad ~Airport 4 3
T w— - El Monle‘ [ —e - gan Ber nal ﬁf:wy::w ;W— ! i) A
mn N, W) West Covina £ o2
N E Cameron Ave

Garvey

E Vine Ave

ALt




RELATED WORK

Existing and Past mashup building tools:

Microsoft® 439

YAHOO! 2Pipes  [Rnlg pfly ISy dapper

Lot of research has been done on data visualization, esp. within
data mining and knowledge discovery communities.

Improved Sammon algorithm for visualizing sparse data [Martin et al. 2004].

Interactive High dimensional data visualization [Buja et al. 1996]

None of the current (or past) mashup building tools support
customized data visualization in the final mashup output.

26



CONCLUSION

Geospatial Mashups can be instrumental for efficient and
judicious decision-making in crisis management.

Visualization By Demonstration approach lets the user
customize the mashup output without any programming.

Users can now construct a mashup in one seamless
integrated process including data visualization.

27



FUTURE WORK

Integrate more visualization formats such as scatter plots,
2D/3D isosurfaces, etc.

Provide the ability to save the plans for extracting and
integrating the data so that they can be applied to the
new data.

Provide the ability to support dynamic view of data (to
reflect the changes made to data in the mashup).

Support the integration of geospatial data in mashups (i.e.,
vector layers, raster layers).

28
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THANK YOU!

Any Questions! Comments!?



