
Shashi Shekhar, Computer Scientist
Shashi Shekhar (Figure 10.21) received a computer
science and engineering (CSE) education from the In-
dian Inst i tute of Technology, Kanpur (1981-1985) and
the Universi ty of Cal i fornia, Berkeley (1985-1989).
He is present ly a McKnight Dist inguished Universi ty
Professor of CSE at the University of Minnesota. His
knowledge of GIS started in the early 1990s from
sponsored research projects on computational as-
pects of in-vehicle and Web-based navigation systems
(USDOT), high-performance G15 for vehicle simulators
(USDOD), Minnesota Mapserver (NASA), and the like.
Soon, he realized there was a strong and growing
demand for CSE advances for GlS, yet very few CSE
scholars were dedicated to this promising area. Thus,
in the mid-1990s, he decided to focus his research
on understanding the structure of very large spatial
computations (e.9., data analysis via spatial querying
and spatial data mining). ll lustrative contributions
include:the Capacity Constrained Route Planne6 an
evacuation route planning algorithm, which is orders
of magnitude faster than traditional linear program-
ming-based methods; the Connectivity-Clustered
Access Method, a min-cut graph-partitioning-based
storage method, which outperforms geometry-based
indices (e.9., R-tree family) in carrying out network
computations; and the notion of "co-location"
patterns in spatial datasets to provide a trade-off
between computational scalability and spatial statis-
tical rigor.

His textbook, Spatial Databases: A Tour (Shekhar
and Chawla, 2003), describes object-relational data-
base concepts for GIS at conceptual (e.9., entity-rela-
tionship models with pictograms), logical (e.g., SQL3,
OGC simple feature types), and physical (e.g., R-trees)
levels and introduces trends (e.9., spatial data min-
ing). f n a more recent project, Encyclopedia of GlS, he
uncovers broader CSE issues in GlS, for example, open-

science and engineer ing (see Box 10.3).  They
bring with them standardized approaches for stor-
ing and, more important ly,  accessing and manipu-
lat ing geographic data using the SQL query
language. GIS provide the necessary tools to
load, edi t ,  query,  analyze, and display geographic
data.  DBMS require a database administrator
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source and commercial software, standards, geosensor
networks, the geospatial semantic Web, privacy, and
indoor positioning.

Reflecting on the interplay between CSE and GlS,
Shashi says:

G15 problems often reveal limitations of
current CSE methods, stimulating advances
in CSE. At the same time, computational
methods are becoming the third leg of
science (e.9., G15) complementing mathemat-
ical models and controlled experiments. In
addit ion, scalabi l i ty to large spat ial  data-
sets will often be expected from G15 in the
post Google Earth era. As for the future, I
believe that GIS work driven by stove-piped
discipl ines may be l imited in solving complex
problems facing our society, and will increas-
ingly be replaced by interdisciplinary ap-
proaches leveraging ideas from and advanc-
ing mult iple discipl ines, e.g. GlS and CSE.
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(DBA) to control  database structure and securi ty,
and to tune the database to achieve maximum
oerformance. lnnovat ive work in the GIS f ie ld has
extended standard DBMS to store and manage
geographic data and has led to the development
of  long transact ions and versioning that have
appl icat ion across several  f ie lds.
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organiz ing pr inciples,  techniques, analysis methods,
and management pract ices that we bel ieve to be
important.  The mater ia l  in each sect ion of  the book
progresses in a cumulative way, yet we envisage that
very few students wil l start at Chapter ' l  and system-
at ical ly work through to Chapter 20. Learning is not
l ike that  anymore ( i f  ever i t  was),  and most instructors
wi l l  navigate a course between sect ions and chapters
of the book that seryes their  part icular discipl inary,
curr icular,  and pract ical  pr ior i t ies.

That said,  we have prepared a number of  pointers
to the ways in which the course might be used in edu-
cat ion and training. Some of the ways in which three
of us have used the book in our own undergraduate
and postgraduate settings are posted on the book's
Web si te (www.wi ley/col lege/ longley),  and we hope
that other instructors wi l l  share their  best  practrces
with us as t ime goes on (please see the Web si te
for instruct ions on how to uoload instructor l is ts and
offer feedback on those that are already there!) .  Our
I  nstructor M anua |  (see www.wi I  eylco I  lege/ lon g ley)
provides suggest ions as to the use of  th is book in a
range of  d iscipl ines and educat ional  set t ings.

Inevi tably,  i t  is  impossible to provide a compre-
hensive t reatment of  a l l  that  is  d ist inct ive about Gl-
Science in a book of this length. We have provided a
primer on the most important geographical methods

and techniques, and in seeking to go {urther, users

may {ind themselves faced with the many options
presented by an onl ine search engine. A very posi t ive
character ist ic of  the evolut ion of  GIS in recent years

has been the move to open-source software and
creat ive-commons data,  much of  which is pr incipal ly

documented and disseminated onl ine.  Yet a search

engine is not the same as the index of  a book, and

search-engine returns may be dictated more by the

market share of  leading vendors than by relevance

to the problem at hand. Accordingly,  two of  us have

been involved in a related project that aims to pro-
vide an author i tat ive and independent guide to the
pr inciples and techniques of  geospat ia l  analysis,  and

the best sof tware tools that  are avai lable to put them

into pract ice.  The resul t  is  a f ree-to-access Web si te,
www.spat ia lanalysisonl ine.corn,  wi th a comprehensive

search faci l i ty ,  and related pr inted and PDF versions

of the Web mater ia ls (see Further Reading).  In many

cases, th is also provides the reader wi th the oppor-

tuni ty to fur ther pursue the technical  d iscussion of

mater ia l  d iscussed in th is book, and we reference i t  at

numerous ooints for  th is reason.
The format of  th is book is intended to make

learning about GIS fun. GIS is an important t ransfer-

able ski l l  because people successful ly use i t  to solve
real-wor ld problems. We thus convey this success

through use of real (not contrived, conventional text-
book- l ike) appl icat ions,  in c lear ly ident i f iable boxes
throughout the text .  But even this cannot convey the
exci tement of  learning about GlS, which only comes
from doing. With th is in mind, an onl ine ser ies of
laboratory c lasses have been created to accompany
the book. These are avai lable,  f ree of  charge, to any
indiv idual  working in an inst i tut ion that has an ESRI
Inc.  (Redlands, CA) s i te l icense (see training.esr i .com/
ca m p u s/cata I o g/l i  ce n ses/co u rse I i st. cf m ? id : 43). Th ey
are cross- l inked in detai l  to indiv idual  chaoters and
sect ions in the book, and provide learners wi th the
opportuni ty to refresh the concepts and techniques
they have acquired through classes and reading, as
wel l  as the opportuni ty to work through extended
examples using ESRI ArcGlS. As de Smith et  a l .  (2009)

make clear,  th is is by no means the only avai lable
software for learning GIS: we have chosen i t  for  our
own lab exercises because i t  is  widely used, because
one of  us used to work for  ESRI in Cal i fornia.  ano De-
cause ESRI 's coooerat ion enabled us to ta i lor  the lab
exercises to our own mater ia l .  The course catalog for
the s ix-module 'Turning Data into Informat ion'  course
can be viewed at  t ra in ing.esr i .com/acb2OO/sowdet l .
cfnr?DlD:6&Product lD:821. There are,  of  course,
many other options for lab teaching and distance
learning {rom pr ivate and publ ic ly funded bodies such

as the UN\G\S consortium (www.unigis.net), the Wor\d-

wide Universrties Network (www.wun.ac.uk/ggisa), and

Pennsylvania State Universi ty World Campus (www.

wonocampus. psu.edu).

GIS is not just  about machines, but also about

people.  l t  is  very easy to lose touch with what is new

in GlS, such are the scale and pace of  development.

Many of  these developments have been, and con-

t inue to be, the outcome of work by mot ivated and

commit ted indiv iduals-many an idea or implemen-

tat ion of  GIS would not have taken place without an

indiv idual  to chamoion i t .  In the f i rst  edi t ion of  th is

book, we used boxes highl ight ing the contr ibut ions

of a number of  i ts  champions to convey the idea that

GIS is a l iv ing,  breathing subject .  The second edi t ion

set the precedent of  removing al l  of  the l iv ing cham-
pions of  GIS and replaced them with a completely

new set.  We have fol lowed this precedent in th is th i rd

edi t ion-not as any intended sl ight  of  the remarkable

contr ibut ions that these indiv iduals have made, but

as a necessary way of  f reeing up space to present
vignettes of  an ent i re ly new set of  commit ted, mot i -

vated indiv iduals whose contr ibut ions have also maoe

a di f ference to GlS.
Students today are seemingly required to digest

ever- increasing volumes of  mater ia l .  We have tr ied

to summarize some of the most important points in
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