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ABSTRACT
The use of the SAND In ternet Bro wser as a kno wledge disco v ery

to ol for epidemiological cartograph y is highligh ted b y recreating

the results of Dr. John Sno w's study of the 1854 Cholera epi-

demic in Soho, London.
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H.2.8 [ Database Managemen t ]: Database Applications| Sp a-

tial datab ases and GIS
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1. INTRODUCTION
The recen t in tro duction of w eb-based mapping services suc h as

those pro vided b y Go ogle Maps and Microsoft Virtual Earth

ha v e greatly increased the public's a w areness of the imp ortance

of lo cation thereb y making the spatial comp onen t a k ey part of

the normal searc h exp erience. This can b e seen b y the increasing

trend to incorp orate spatial data in to con v en tional databases. In

particular, to da y , p eople are increasingly b ecoming used to going

to the w eb to get answ ers to all of their queries that require some

form of information lo okup suc h as, for example, �nding the

nearest restauran t to their home that serv es a particular cuisine

as w ell as searc hing for homes, sc ho ols, and so on. In essence,

what w e are seeing is a trend for the map to tak e on the form of

a normal information relation, using database terminology . In

this pap er w e brie
y illustrate ho w curren t mapping tec hniques

can b e used to revisit some old queries thereb y yielding a form of

kno wledge disco v ery in epidemiological cartograph y whic h ma y

b e useful in other applications.

2. THE SAND SPATIAL BROWSER
Ov er the past y ears w e ha v e b een engaged in the dev elopmen t

of the SAND Spatial Bro wser [2], one of whose k ey features is

the abilit y to pro duce its results incremen tally where the incre-

men t is a form of a ranking b y distance from a query ob ject

whic h can b e measured as the cro w 
ies or constrained to lie

�

This w ork w as supp orted in part b y the US National Science

F oundation under Gran t EIA-00-91474 and CCF-05-15241, as

w ell as the O�ce of P olicy Dev elopmen t & Researc h of the De-

partmen t of Housing and Dev elopmen t (HUD PD&R)

on a spatial net w ork. P oten tially , ranking has wide applicabilit y

for spatial queries using w eb-based mapping services where pre-

sumably there is a premium on obtaining partial results so that

the most relev an t ones are deliv ered �rst. In particular, in our

example scenario, relev ance is measured b y spatial pro ximit y .

The SAND Spatial Bro wser pro vides more p o w er to users of

databases b y enabling them to de�ne and explore the sp eci�c

spatial region of in terest graphically . The SAND Spatial Bro wser

allo ws users to form either purely spatial or mixed spatial/non-

spatial queries in tuitiv ely whic h can presen t information to users

that migh t ha v e b een missed if only a textual in terface w as a v ail-

able. The SAND Spatial Bro wser is built on top of the SAND

Spatial Database System whic h pro vides a serv er that facilitates

organization (i.e., indexing) of spatial and nonspatial data to

supp ort e�cien t query pro cessing. This database system handles

an y t w o or higher dimensional data with exten t (e.g., coun try

b oundaries, riv er paths), as w ell as p oin t data (e.g., cit y lo ca-

tions). It facilitates the resp onse to queries in v olving this data

suc h as �nding the closest hazardous w aste site to the b order of

a particular state. The SAND Spatial Database System is p osi-

tioned somewhere b et w een a con v en tional database managemen t

system (DBMS) and a Geographic Information System (GIS). It

is similar in spirit to a GIS but do es not ha v e the full function-

alit y of a GIS in the sense that its spatial analysis capabilities

are limited.

Users access and manipulate spatial and nonspatial data using

the SAND Spatial Bro wser in a manner similar to that used in

spreadsheets where the map pla ys the same role as a relation in

a relational database managemen t system. In particular, op era-

tions can b e sp eci�ed as comp ositions of maps with the output

of one or more op erations serving as input to other op erations

whic h can b e sa v ed for use as input to future op erations. In ad-

dition, in man y applications there is no need for the op eration to

run to completion in order to obtain the desired results. Th us

the incremen tal nature of the SAND Spatial Bro wser p ermits

users to pro ceed in a pip elined fashion where the �rst results of

an op eration are fed as inputs to subsequen t op erations.

One of the SAND Spatial Bro wser's features is the distanc e semi-

join op eration [1], whic h yields what w e call a discr ete V or onoi

diagr am . It can b e used to pro vide a clustering where the result

is that giv en t w o data sets A and B , w e can determine for eac h

elemen t a of A , the closest elemen t b of B to a . F or example, w e

ha v e used it with a pair of data sets corresp onding to lo cations of

n uclear facilities and monitoring stations to disco v er whic h mon-

itoring stations are the closest to eac h n uclear facilit y . Similarly ,



giv en a set of lo cations of distribution cen ters (e.g., w arehouses)

and a set of lo cations of stores, w e can determine whic h stores

should b e serv ed b y whic h distribution cen ters. This is done b y

the simple addition of the capabilit y to rank results b y spatial

distance to the database, and applying the ranking in suc h a w a y

that the closest pairs of elemen ts ( a; b ) are returned in order of

increasing distance and elemen ts from A are not p ermitted to

b e rep eated. It enables database users to p erform a v arian t of

kno wledge disco v ery as w e sho w in the follo wing epidemiological

cartograph y example.

3. APPLICATION TO EPIDEMIOLOGICAL
CARTOGRAPHY

In 1854 Dr. John Sno w, a pioneer in epidemiological researc h,

sho w ed that the c holera outbreak in Soho, London w as a re-

sult of the con tamination of a w ater pump on Broad Street [3].

He used a sp ot map that sho w ed the n um b er of deaths in eac h

household, whic h he then o v erla y ed on a map of Soho as sho wn

in Figure 1. Up on lo oking at the map, it is immediately clear

that the w ater pump, lab eled X on the map, is resp onsible for

the c holera deaths in Soho as the ma jorit y of the deaths due

to c holera are clustered around this pump. The result w as rev-

olutionary in man y w a ys. First of all, it established w ater as

the carrier medium of the c holera disease. This w as coun ter

to the widely , y et mistak en, b elief at that time that \bad air"

w as the culprit resp onsible for the spread of the c holera disease.

Secondly , it laid the foundation for the �eld of epidemiological

researc h. Inciden tally , maps and GIS tec hnologies are widely

b eing used ev en to this date in epidemiological studies.

Figure 1: Result of overla ying the deaths caused b y the 1854

London cholera outb reak on the map of the w ater pumps in

London b y Dr. John Sno w.

In order to demonstrate the utilit y of some of the op erations

that w e ha v e dev elop ed in the course of our researc h on spatial

spreadsheets and bro wsers, b elo w, w e recreate the 1854 exp er-

imen t of Dr. John Sno w using the SAND In ternet Bro wser.

W e �rst created the road la y er from a map image of Soho from

around the same time p erio d. Next, w e o v erla y ed the p osition

of the w ater pumps on the map. Eac h death o ccurring in a

Soho household at that time w as recorded as a unique p oin t.

F or example, if a household h recorded c deaths due to c holera,

w e placed c unique p oin ts at the p osition corresp onding to the

lo cation of h on the map. The resulting setup is as sho wn in

Figure 2. Dr. Sno w used the map as a medium, lo oking at

whic h an observ er could deduce the strong clustering of deaths

around pump X . Belo w w e sho w ho w to mak e suc h a deduction

using the SAND In ternet Bro wser. W e do this b y computing

the distanc e semi-join of the p oin ts in the de ath relation with

the p oin ts in the pump relation. As w e p oin ted out earlier, the

distance semi-join op erator uniquely asso ciates eac h incidence of

deaths with the nearest pump on the map. When this op erator

is executed to completion, the result is equiv alen t to a discrete

V oronoi diagram on the p oin ts in the death relation. The thic k

p olygonal sub division in Figure 2 sho ws the result of dra wing

the discrete V oronoi diagram for this semi-join op eration from

whic h it is easy to see that the V oronoi cell that con tains pump

X as its V oronoi site, has the most inciden ts of deaths.

Figure 2: Discrete V o ronoi diagram co rresp onding to the

result of applying the distance semi-join of the death and

pump relation using the SAND Spatial Bro wser.

4. CONCLUDING REMARKS
W e ha v e seen an example of the utilit y of applications suc h as the

SAND Spatial Bro wser in kno wledge disco v ery . W e are con�den t

that the increasing p o w er a�orded users to deplo y spatial infor-

mation will lead to an increased abilit y to address en vironmen tal

causes of infection and disease suc h as Salmonella outbreaks, Le-

gionnaires' disease, and so on.

5. REFERENCES
[1] G. R. Hjaltason and H. Samet. Incremen tal distance join

algorithms for spatial databases. In L. Hass and A. Tiw ary ,

editors, Pr o c e e dings of the A CM SIGMOD Confer enc e ,

pages 237{248, Seattle, W A, June 1998.

[2] H. Samet, H. Alb orzi, F. Brab ec, C. Esp eran� ca, G. R.

Hjaltason, F. Morgan, and E. T anin. Use of the SAND

spatial bro wser for digital go v ernmen t applications.

Communic ations of the A CM , 46(1):63{66, Jan. 2003.

[3] J. Sno w. On the Mo de of Communic ation of Choler a . John

Ch urc hill, London, England, second edition, 1855.


