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ABSTRACTThe use of the SAND Internet Browser as a knowledge disoverytool for epidemiologial artography is highlighted by rereatingthe results of Dr. John Snow's study of the 1854 Cholera epi-demi in Soho, London.
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1. INTRODUCTIONThe reent introdution of web-based mapping servies suh asthose provided by Google Maps and Mirosoft Virtual Earthhave greatly inreased the publi's awareness of the importaneof loation thereby making the spatial omponent a key part ofthe normal searh experiene. This an be seen by the inreasingtrend to inorporate spatial data into onventional databases. Inpartiular, today, people are inreasingly beoming used to goingto the web to get answers to all of their queries that require someform of information lookup suh as, for example, �nding thenearest restaurant to their home that serves a partiular uisineas well as searhing for homes, shools, and so on. In essene,what we are seeing is a trend for the map to take on the form ofa normal information relation, using database terminology. Inthis paper we briey illustrate how urrent mapping tehniquesan be used to revisit some old queries thereby yielding a form ofknowledge disovery in epidemiologial artography whih maybe useful in other appliations.
2. THE SAND SPATIAL BROWSEROver the past years we have been engaged in the developmentof the SAND Spatial Browser [2℄, one of whose key features isthe ability to produe its results inrementally where the inre-ment is a form of a ranking by distane from a query objetwhih an be measured as the row ies or onstrained to lie�This work was supported in part by the US National SieneFoundation under Grant EIA-00-91474 and CCF-05-15241, aswell as the OÆe of Poliy Development & Researh of the De-partment of Housing and Development (HUD PD&R)

on a spatial network. Potentially, ranking has wide appliabilityfor spatial queries using web-based mapping servies where pre-sumably there is a premium on obtaining partial results so thatthe most relevant ones are delivered �rst. In partiular, in ourexample senario, relevane is measured by spatial proximity.The SAND Spatial Browser provides more power to users ofdatabases by enabling them to de�ne and explore the spei�spatial region of interest graphially. The SAND Spatial Browserallows users to form either purely spatial or mixed spatial/non-spatial queries intuitively whih an present information to usersthat might have been missed if only a textual interfae was avail-able. The SAND Spatial Browser is built on top of the SANDSpatial Database System whih provides a server that failitatesorganization (i.e., indexing) of spatial and nonspatial data tosupport eÆient query proessing. This database system handlesany two or higher dimensional data with extent (e.g., ountryboundaries, river paths), as well as point data (e.g., ity loa-tions). It failitates the response to queries involving this datasuh as �nding the losest hazardous waste site to the border ofa partiular state. The SAND Spatial Database System is posi-tioned somewhere between a onventional database managementsystem (DBMS) and a Geographi Information System (GIS). Itis similar in spirit to a GIS but does not have the full funtion-ality of a GIS in the sense that its spatial analysis apabilitiesare limited.Users aess and manipulate spatial and nonspatial data usingthe SAND Spatial Browser in a manner similar to that used inspreadsheets where the map plays the same role as a relation ina relational database management system. In partiular, opera-tions an be spei�ed as ompositions of maps with the outputof one or more operations serving as input to other operationswhih an be saved for use as input to future operations. In ad-dition, in many appliations there is no need for the operation torun to ompletion in order to obtain the desired results. Thusthe inremental nature of the SAND Spatial Browser permitsusers to proeed in a pipelined fashion where the �rst results ofan operation are fed as inputs to subsequent operations.One of the SAND Spatial Browser's features is the distane semi-join operation [1℄, whih yields what we all a disrete Voronoidiagram. It an be used to provide a lustering where the resultis that given two data sets A and B, we an determine for eahelement a of A, the losest element b of B to a. For example, wehave used it with a pair of data sets orresponding to loations ofnulear failities and monitoring stations to disover whih mon-itoring stations are the losest to eah nulear faility. Similarly,



given a set of loations of distribution enters (e.g., warehouses)and a set of loations of stores, we an determine whih storesshould be served by whih distribution enters. This is done bythe simple addition of the apability to rank results by spatialdistane to the database, and applying the ranking in suh a waythat the losest pairs of elements (a; b) are returned in order ofinreasing distane and elements from A are not permitted tobe repeated. It enables database users to perform a variant ofknowledge disovery as we show in the following epidemiologialartography example.
3. APPLICATION TO EPIDEMIOLOGICAL

CARTOGRAPHYIn 1854 Dr. John Snow, a pioneer in epidemiologial researh,showed that the holera outbreak in Soho, London was a re-sult of the ontamination of a water pump on Broad Street [3℄.He used a spot map that showed the number of deaths in eahhousehold, whih he then overlayed on a map of Soho as shownin Figure 1. Upon looking at the map, it is immediately learthat the water pump, labeled X on the map, is responsible forthe holera deaths in Soho as the majority of the deaths dueto holera are lustered around this pump. The result was rev-olutionary in many ways. First of all, it established water asthe arrier medium of the holera disease. This was ounterto the widely, yet mistaken, belief at that time that \bad air"was the ulprit responsible for the spread of the holera disease.Seondly, it laid the foundation for the �eld of epidemiologialresearh. Inidentally, maps and GIS tehnologies are widelybeing used even to this date in epidemiologial studies.

Figure 1: Result of overlaying the deaths aused by the 1854London holera outbreak on the map of the water pumps inLondon by Dr. John Snow.In order to demonstrate the utility of some of the operationsthat we have developed in the ourse of our researh on spatialspreadsheets and browsers, below, we rereate the 1854 exper-iment of Dr. John Snow using the SAND Internet Browser.We �rst reated the road layer from a map image of Soho fromaround the same time period. Next, we overlayed the positionof the water pumps on the map. Eah death ourring in aSoho household at that time was reorded as a unique point.For example, if a household h reorded  deaths due to holera,we plaed  unique points at the position orresponding to theloation of h on the map. The resulting setup is as shown inFigure 2. Dr. Snow used the map as a medium, looking at

whih an observer ould dedue the strong lustering of deathsaround pump X. Below we show how to make suh a dedutionusing the SAND Internet Browser. We do this by omputingthe distane semi-join of the points in the death relation withthe points in the pump relation. As we pointed out earlier, thedistane semi-join operator uniquely assoiates eah inidene ofdeaths with the nearest pump on the map. When this operatoris exeuted to ompletion, the result is equivalent to a disreteVoronoi diagram on the points in the death relation. The thikpolygonal subdivision in Figure 2 shows the result of drawingthe disrete Voronoi diagram for this semi-join operation fromwhih it is easy to see that the Voronoi ell that ontains pumpX as its Voronoi site, has the most inidents of deaths.

Figure 2: Disrete Voronoi diagram orresponding to theresult of applying the distane semi-join of the death andpump relation using the SAND Spatial Browser.
4. CONCLUDING REMARKSWe have seen an example of the utility of appliations suh as theSAND Spatial Browser in knowledge disovery. We are on�dentthat the inreasing power a�orded users to deploy spatial infor-mation will lead to an inreased ability to address environmentalauses of infetion and disease suh as Salmonella outbreaks, Le-gionnaires' disease, and so on.
5. REFERENCES[1℄ G. R. Hjaltason and H. Samet. Inremental distane joinalgorithms for spatial databases. In L. Hass and A. Tiwary,editors, Proeedings of the ACM SIGMOD Conferene,pages 237{248, Seattle, WA, June 1998.[2℄ H. Samet, H. Alborzi, F. Brabe, C. Esperan�a, G. R.Hjaltason, F. Morgan, and E. Tanin. Use of the SANDspatial browser for digital government appliations.Communiations of the ACM, 46(1):63{66, Jan. 2003.[3℄ J. Snow. On the Mode of Communiation of Cholera. JohnChurhill, London, England, seond edition, 1855.


