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Qutline

B What is G. I. Science?
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E Edges (e.g. Application Domain Driven)

B \What is exciting about Computing?
B How | teach Computational aspects of G. I. Science?



Core G. I. Science: 3 Views

B 3 Views of G. I. S. are important

B Science of information
» Conceptual and theoretical foundations — new & adapted

B Systems: engineering of information systems
» Structure, algorithms, behavior, and interactions of systems to
» store, process, access and communicate information.

B Services: practice of information processing
» Computational, cognitive and social aspects
» E.g. study of the social impact of information technologies.

B Sources:
B Wikipedia, Dictionary.com, M. Goodchild, Personal Interpretation



Core G. |. Science : Example Questions

« How do we conceptualize Physical and Cyber (P&C) worlds?

» How do we measure P&C concepts, recognize them in (remotely) sensed information or
in the field, and identify their accuracy and quality?

» How do we represent P&C concepts with incomplete/ uncertain information, with
alternative data models, and possibly with multiple representations for the same data, in
digital environments?

» How do we store, access, and transform P&C concepts, facilitating data sharing, data
transfer, and data archiving, while ensuring minimum information loss?

« How do we explain P&C phenomena through the application of appropriate methods of
forward or inverse models of physical and human processes?

» How do we visualize P&C concepts on a variety of media such as maps on electronic
displays or animated displays ?

* How do we use P&C concepts to think about spatio-temporal phenomena, and to seek
explanations for spatio-temporal patterns and phenomena?

 Source: Adaptation from NCGIA proposal to NSF by Goodchild et al.
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THIS WODPERW WORLD

IT'S HARD To KEEP TRACK oOF ALL THE

INVASIVE
MEW TECHMNoLOGIES BEING IMPLEMENTED FOR OUR
OWN GoOD.

-=9a3l SEE, WE HOPE To IMPFLANT ONE oF THESE
GLoBAL PoSITIONING IDENTITY CHIPS 1IN THE
cRAMIUM. oF EVERY LIWING AMERICAN--

-=T0 HELP THEM FIND THEIR WAY WE ONLY WANT

HOME |F THEY EVER l'."|T L d w5

AMD IN MEW HAVEM, CONNECTICUT, THE ACME RENT-
A-CAR COMPANY RECENTLY INSTALLED A SOPHISTICATED
G.P.5. TRACKING STSTEM IM ITS FLEET-=-AND BEGAN
CHARGING CUSTOMERS 2150 EACH TIME THE STSTEM
CAUGHT THEM SPEEDING...*

BY THE AUTHORITY VESTED IM ME AS A SMALL
BUSINESS OWNER., I HEREBY FINE +Youw HY450!
LET THIS BE A LESSON To You, YouMs MAN!

o

HqoIma rmar
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. [AND THANKS FOR CcHOOSING ACME!
APPRECIATE ~ourR BUsINESS!
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IN TAMPA, FLORIDA, HIGH-TECH 5P CAMERAS LINEED
To A POLICE DATABASE SCAN CROWDS oM PUSBLIC

STREETS, SEARCHING FOR WANTED CRIMINMALS,. WHICH
MEAMS YoU CAN BE STOPPED BY POLIKE AT ANY TIME
IF o

I HAD Mo IDEA
M HUSBAND WAS
A PSYCHOPATHIC

KILLER, OFFICER!

HAPPEN To RESEMBLE A FKNOWN FELOM..™

WEVE GOT AN EIGHTY=-FIVE
PERCENT BIOMETRIC IMAGING
MAAM T YOU'RE Lucky

MATC

TTHIS 15 TRUE, IF THE YISUAL RECOGHITION 3S0FTWRARE SLORES A

MATEH oF &.5 oF HIGHER (oW A 5SCALE oF E=-10), OFFICERS RARE

GISPATEHED To GUESTISH THE “SUSFECT,”

oF COURSE, PROPOMENTS OF SUcCH TACTICS ALWAYS

JUSTIFY THEM IN THE HAME oF PUBLIKE SAFETY...
AND ANTWAY, IF YOU'RE NOT DOING ANYTHING WRONG,
You DoN'T HAVE AMNYTHING To WoRRY ABouT...

RIGHT?

2R, YouUR &, P.5 CRANIAL IMPLANT PLACES alu AT THE
CORMER OF BROADWAY AND FOURTEEMTH AT 11:07 P.W,
YESTERDAY--CROSSING AGAINST THE LIGHT!

= S s W o
JATWALKEING 15 A CRIME 1M
THIS CITY, SIR! T AFRAID
You'LL HAVE To COME WITH us!?

.
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{WE'VE ALS0 GoT

JIP o' THE PEN(GUIN) To THE NEW MAVEN ADVOCATE...

SoOME QUESTIONS
ABouTt YoUR RE-

TM TR W@ 7-11=01 .,
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What is Exciting about Computing for G.1.Sc.?

B Continued improvement in computing technology
B Ex. 2020 Projections [M. Gough, CEO (NCC)]

>

YV V VYV VY

PC - Terflop CPU, Terabyte memory, Peta-byte disks, internet 2.0,
cyberinfrastructure

Ubiquitous computing and sensing
Spatial Sensors: location + orientation + posture
Web 2.0, social networking, virtual life

B Q? What implication on G.1.Sc. in 2020?
Point and ask in real world (w/ laser pointer ?)

Increase computing capacity
» Scale up spatial models (e.g. spatial autoregression, agent based)
» Wider use of LIDAR, Global-Hawk UAVs

Will web 2.0 change importance of location ?
>

Impact on clustering of brainpower and wealth



Trends in Broader Technology beyond Computing

B Future Shock [Livewire, Summer 2007], Al Magazine, ...
E Robotics

Mind-controlled interfaces

Personal networking

Smart Building

Smart Fabric

Nano

Bio-technology

Semantic Web

B Q? What is the impact on G.1.Sc. 2020 ?

E Bio-technology

» Neurosurgery — how to locate safe pathways to target in brain ?
E Autonomous robots (.g. DARPA grand challenge)

» Navigation on dessert terrain => real-time GIS
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How | teach GIS and Computing?

B Csci 8715: Spatial Database Course

B Two dozen students across many disciplines
Offered at graduate level every other year
Focus on reading research papers and projects
Challenge: Diversity
www.spatial.cs.umn.edu/Courses/Fall07/8715/

3 Csci 8715 Fall 2Z007-Syllabus - Microsoft Internet Explorer ;Iglil
| File Edit  wiew Faverites Tools  Help i
| +=pack -~ = - & 7} | uSearch  [GElFavorites  PMedia o3 | BN S = =] AL

| Address [ http: fiw . spatial.cs, umn.eduiCourses/Falloz7 /87 15] =1 &so ||unks || & - |

Swllabus for CSci 8715, Spatial Databases, Fall 2007

Monday and Wednesday 04:00 P.M. - 05:15 P.VML., EE/Csci 3-111
Instiuctor and TAs

Role: Name Office & Hours Phone Email
i . . EE/CS 5-203, o
Instructor: F:l 01:' SI?HSIH NMon: 12:30P.NM-1:30P .M., Wed: 3:00P .M. - 6_4_, shekhar @@ cs.vinmn. edu
Shelchar R307 -
4:00P . ML
TA: Mete Celik EE/CS 5-202, Mon.Wed: 3:00P M -4:00P M. oo meelik@cs umn edu

Class Web Site: http/~vww. spatial. cs.unm. edu/Courses/FallO7 /871 5
Schedule: lecture, homework and examination schedule

Web Pages:

NOMN-LOCAT.

e Search: Boolis (amazon. com). Papers (DBLP). CiteSeer, Google Scholar
+ Browse or download papers from Joumals: IEEE TKDE., GeoInformatica Journal, ITGIS, ACM TODS, IEEE TGRS
+« Conference Proceedings: CIKM/ ACKGIS, SIGKDD, 35D, GIScience, W2GEIS, VLDEB, SIGMOI>

e Bulletins: IEEE DE Bulletin, ACHM SIGHMOD Bulletin, ACM SIGK DD Explorations

LOCAT.

e Class notes, TA Announcemments, HVW Feedbacls, Project-list-1, Project-list-2 (Other resowrces for project) . Group
mtfo.

e Ndtern FExai Saanple ((O<4), Madterm Exaunn Sammple ('01). Sammple Question

e Sample Proposal 1. Sample Proposal 2

 Sample Project Report 1 | Sample Project Report 2 | Samiple Project Report 3

Pre-requisite: Familiarity with Relational Databases or Geographic Information Systems.

Text Book: Spatial Databases: A Towr. S. Shekhar and S. Chawla. Prentice Hall, 2003, ISBIN 013-01 7480-7 |
Supplementary Matervial: A collection of papers.

Topics:

1. Applhication Domams of Geographical Information Systems (GIS). Conunon GIS data types and analysis.

2. Conceptual Data Models for spatial databases (e.g. pictogram enhanced ERID ).




How | teach GIS and Computing to Graduate Students?

B Emphasize 6 elements
E Problem
Why is it important?
Why is it challenging?
Solution / Approach,
In what sense is novel?
B How is it better than state of the art?

B These 6 elements are used In
B Ciritical reading of technical papers, books, etc.
B Structuring student project proposals, reports, presentations
B Peer reviews
B



Six Elements Examplel: Problem, Importance, Challenge
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6 Elements Example 1: Challenge, Approach

Name Model Classification
Accuracy

Classical Linear Regression y=xp+¢ Low

Spatial Auto-Regression y=pWyt+xp+e High

p - the spatial auto - regression (auto - correlatio n) parameter

W :n - by - n neighborho od matrix over spatial framework

Computational Challenge:
Computing determinant of a very large matrix
In the Maximum Likelihood Function:

......................... . |n(272') ) " |n(02)
2 2

L DAy
g "_.—’
SSE
=
2


Presenter�
Presentation Notes�
y: n-by-1 vector of dependent variable

x: n-by-k matrix of the explanatory variables

Beta: k-by-1 vector of regressions

Epsilon: n-by-1  vector of unobservable error term N(0,sigma^2 I )



Example: Linear Regression Model

Given a vector of y of n observations and a matrix x of explanatory variables

Encapsulates their interrelationship using the linear equation y=xbeta+epsilon

Does not work well for spatial datasets

Low prediction accuracy



Spatial Data Dependencies (Auto-correlation)

Residual error may vary systematic over space

The occurrence of one feature is influenced by the distribution of similar features in the adjacent area 

May yield biased and inconsistent estimation

May lead to poor fit of the model
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Truth Positive Rate

6 Elements Example 1: Approach - Novelty, Better

B Linear Regression y=Xxg+¢
B Spatial Regression y=ply+Xp+¢
W Spatial model Is better

; ROC Curve for testing data(Stubble marshland 1995) ROC Curve for leaming data(Darr marshland 1995)
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Future Work: Unresolved Challenges

B L ocation Prediction and
Spatial interest measure: e.g., avg, dist(actual, predicted)

P Lepend
A PIP A PlA @ = pest location
plp A = actual nest in pixel
fn ™ F = predicted nest in pixel
A A A A A A
(a) (b) () (d)
Actual Sites Pixels with Prediction 1 Prediction 2.
actual sites Spatially more accurate

than Prediction 1



6 Elements: Another Example

B Teleconnection
B Find (land location, ocean location) pairs with correlated climate changes
» EX. El Nino affects climate at many land locations

Global Influence of EI Nino during ~ .»* "7,
the Northern Hemisphere Winter = ",
(Courtsey: NASA, Prof. V. Kumar) (D: Dry, W: Warm, R: Rainfall) 2

Average Monthly Temperature



6 Elements Example 2: Teleconnection (Cont’)

® Challenge

E high dimensional (e.g., 600) feature space
B 67k land locations and 100k ocean locations (degree by degree grid)
B 50-year monthly data

B Computational Efficiency
B Spatial autocorrelation
» Reduce Computational Complexity
B Spatial indexing to organize locations
» Top-down tree traversal is a strong filter
» Spatial join query: filter-and-refine
» save 40% to 98% computational cost at # =0.3t0 0.9
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Undergraduates in Csci 8715

B Few Undergraduate Students

B They are interested in current issues
B Location Based Web Services (LBS)
» In-vehicle, on cell-phone, ...
B Navigation devices, GPS
» Open operating systems in Cell Phones, e.g. Google Android
E Mash-ups
» Google Earth or Microsoft Virtual Earth



LBS - Examples

B Q7 Have we used the following ?

B E.g.: MapQuest, Google Maps, ...
B Q? Are these location-based services ?

~J_

> Live Search

Web

E pizza

Sort by relevance =

Images News

Map all

Sponsors From Superpages

Pizza Boxes Inc
Pizza Slice Boxas, Parsenal Slice
Boxes and Trays.

Silvercryst Supper Club ...
The Silvercryst offers the best in fine
dining, lodging, recreation and

Pizza Fquipment

Find pizza equipment info online. Visit

our pizza =quipment listings.

Domine's Pizza

215 Dak St SE, Minneapolis,
MN | 0.2mi

(612) 331-3030

Call for free

Campus Pizza & Pasta
818 Washington Ave SE,
Minneapolis, MN | 0.3mi
(612) 378-2417

Call for free

=

Papa John's Pizza

817 Washington Ave SE,
Minneapolis, MN | 0.3mi
(612) 379-8890

Call for free

Pizza Hut
1402 5th 5t SE, Minneapolis,
MN | 0.5mi
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Navigation Devices

B Cell-phone, watch, custom
E Open platforms, e.g. Android

M For in-vehicle or portable use




) KML Example file - Google Maps - Mozilla Firefox

Mashups

File Edit Yew Go Bookmarks Tools Help

QEI - El> - @ O @ | http://maps. google. comjmaps?a=http://www.ecorym. deman. co.ukfgooglemaps examplesfexample 1 kml

¥ 0w A |

D Customize Links D Free Hotmail D mail D Windows Marketplace D Windows Media D Windows D ‘WWorld chess champi. ..

Web Images Yideo MNews Maps more »

Saved Locations | Sign in | Help

|http f,-"v\-w econym.deman.co. uk,f'goDgIemaps,’examplesjexampll [ Search Maps

I".-'I aps Sle

"] Search the map | Find businesses

Maps

T JOTT CLCE:

KL Print 2 Email == Link to this page

J Search Results | | My Maps M= |
KML Example file

ﬁ" 'ﬂeer Park

farker i

, Marker 2

Displaying cortent from wwwy econym.demon.co uk

. J Marker 1

The content overlaid onto this map iz provided by a third party,
and Google iz not responsible for i,

Some stuff to put in the first info window

Search nearby - Save to My Maps

[ Trafic | [ map || satelite |[ Hybrid |
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Laka -

Shoreline
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esa
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. E Argires Ave

@DD? Gongle - Map dﬁa@ﬂﬁ? RAYTEQ™. Tetms ot Use

TransFerring data from wwae,google, com, ..
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Mashups:Under the Hood

B Simple APIs
B Google Earth — KML
B Microsoft Virtual Earth SDK

B Example Code: KML (Source:http:/ivww.econym.demon.co.uk/googlemaps/kml.htm)

<?xml version="1.0" encoding="UTF-8"?>
<kml xmlIns="http://earth.google.com/kml/2.0">
<Document>
<name>KML Example file</name>
<description>Simple markers</description>
<Placemark>
<name>Marker 1</name>
<description>Some stuff to put in the first info window</description>
<Point>
<coordinates>-122.1,37.4,0</coordinates>
</Point>
</Placemark> ’
</Document>
</kml>
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