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Preface 

Faced wit h th e questio n o f th e intende d audienc e fo r a  collectio n suc h a s th e 
one assemble d here , w e have bee n askin g ourselve s th e followin g questions : 

(a) Wha t i s epidemiology? Wh o i s an epidemiologist ? 
(b) Wha t ar e th e flavor s o f epidemiology ? 
(c) Wha t ar e th e type s o f questions epidemiologist s wor k on ? 
Dave Ozonof f provide d t o u s the followin g quot e b y Rothma n tha t shed s som e 

light o n possibl e answer s t o th e question s pose d above : 

"Unfortunately, ther e see m t o b e mor e definition s o f epidemi -
ology tha n ther e ar e epidemiologists . Som e hav e define d i t i n 
terms o f it s methods . Whil e th e method s o f epidemiolog y ma y 
be distinctive , i t i s more typica l t o defin e a  branc h o f science i n 
terms o f its subjec t matte r rathe r tha n it s tools.. . I f the subjec t 
of epidemiologic inquir y i s taken t o b e th e occurrenc e o f diseas e 
and othe r healt h outcomes , i t i s reasonable t o infe r tha t th e ul -
timate goa l o f mos t epidemiologi c researc h i s the elaboratio n o f 
causes tha t ca n explai n pattern s o f diseas e occurrence. " 

In genera l terms , epidemiolog y deal s wit h population s rathe r tha n individu -
als. On e o f it s goal s i s t o stud y th e frequenc y o f occurrence s o f healt h relate d 
events. I t ha s a  majo r bu t no t exclusiv e concer n wit h cause s an d determinant s o f 
disease pattern s i n populations . Th e premis e i s tha t a  systemati c investigatio n o f 
different population s ca n identif y causa l an d preventiv e factors . Epidemiolog y i s 
an observationa l rathe r tha n a n experimenta l science . Sampl e question s tak e th e 
form of : 

• Doe s populatio n exposur e t o x  increas e th e ris k o f a  diseas e wl 
• Ar e dietary supplement s {x , y, z) beneficia l i n lowering the risk o f malad y 

wl 
• D o behaviora l intervention s reduc e ris k behaviors ? 

We have observed tha t occurrenc e measures , causa l inference an d stud y design s 
play prominen t role s in the dail y endeavors o f a  typical epidemiologist . Descriptiv e 
and analytica l epidemiolog y ar e tw o overlappin g flavor s o f thi s discipline . 

Descriptive epidemiolog y attempt s t o describ e pattern s o f diseas e accordin g 
to spatia l an d tempora l informatio n abou t th e member s o f a  population . Thes e 
patterns ar e describe d b y tabulation s o r summarie s o f survey s an d poll s o r b y 
parametric o r non-parametri c populatio n models . Model s ar e i n genera l globa l 
descriptions o f th e majo r par t o f a  dat a set . Pattern s o n th e othe r han d ar e loca l 
features o f th e dat a tha t ca n b e describe d b y associatio n rules , mode s o r gap s 
in densit y functions , outliers , inflectio n point s i n regressions , sympto m clusters , 
geographic ho t spots , etc . Som e epidemiologist s appea r mor e intereste d i n loca l 

ix 
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patterns rathe r tha n i n globa l structure . Thi s raise s question s o f ho w "realistic " 
certain pattern s are . 

Analytical Epidemiolog y attempt s t o explain an d predic t th e stat e o f a  popula -
tion's health . A  typical goa l is to summarize the relationship between exposur e an d 
disease incidenc e b y comparin g tw o measure s o f diseas e frequency . Thes e compar -
isons ma y b e affecte d b y chance , bia s an d b y th e presenc e o r absenc e o f a n effect . 
This explain s naturall y wh y statistica l method s pla y a  majo r rol e i n Epidemiolog y 
since bia s i s a  centra l preoccupatio n o f it s practitioners . Bia s mean s a  systemati c 
error tha t result s i n a n incorrec t o r invali d estimat e o f th e measur e o f association . 
This ca n creat e o r mas k associations . Selectio n an d informatio n bia s ar e tw o o f 
the mai n bia s types . I n particular , selectio n shal l b e independen t o f exposur e i f 
the purpos e o f th e stud y i s t o explai n th e relationshi p betwee n exposur e an d dis -
ease occurrence . I n summary , on e of the centra l theme s i n analytica l epidemiolog y 
is t o understan d th e role s o f bias , chanc e an d rea l effec t i n th e understandin g o f 
populations health . 

To evaluat e th e rol e o f chance , statistica l hypothesi s testin g an d estimatio n 
appear to be the tools of choice. O n the other hand, generative models offer a  way to 
describe infectious diseas e dynamics . Sinc e disease patterns ar e of primary interest , 
data minin g algorithm s an d detectio n o f rule s fo r patter n formatio n hav e a  lo t t o 
offer. Classificatio n an d taxonomie s ar e usefu l tool s t o develo p predictiv e models . 
In general we believe that som e questions addressed b y epidemiologists benefi t fro m 
viewing the m i n a  mathematica l an d algorithmi c context . Thi s volum e i s a  firs t 
attempt t o bridg e th e ga p betwee n th e tw o communities . It s mai n emphasi s i s on 
discrete method s tha t hav e successfull y addresse d som e epidemiologica l question . 
We begi n b y providin g introductor y chapters , o n som e o f th e ke y method s fro m 
discrete dat a minin g b y a  selectio n o f researcher s i n thi s area ; an d o n descriptiv e 
epidemiology b y D . Schneider . Thes e collect , i n a  digeste d form , wha t w e believ e 
are amon g th e mos t potentiall y usefu l concept s i n dat a minin g an d epidemiology . 

Next ther e ar e tw o chapter s reportin g wor k i n epidemiolog y tha t sugges t a 
discrete, analytica l approach : Shanno n o n challenge s i n molecula r dat a analysis , 
and Hirschma n an d Damiano s o n a  syste m fo r monitorin g new s wire s fo r indica -
tions o f diseas e outbreaks . Th e remainde r o f th e volum e draw rs ou t furthe r som e 
of th e ke y area s i n th e intersectio n betwee n epidemiolog y an d discret e methods . 
The techniqu e o f forma l concep t analysis , an d th e amazin g dept h o f mathematica l 
structure tha t arise s from i t i s explored i n chapters b y Ozonoff , Poge l an d Hannan , 
and Abell o an d Pogel . Th e dynamic s o f diseas e transmissio n ca n b e modele d i n 
a variet y o f ways , bu t ofte n involve s settin g u p system s o f differentia l equation s 
to mode l th e eb b an d flow  o f infection , a s demonstrate d b y Desai , Boily , Mass e 
and Anderson , an d Vazquez , i n th e contex t o f quit e differen t problems . Eubank , 
Kumar, Marathe , Srinivasa n an d Wan g stud y massiv e interactio n graph s an d giv e 
results b y a  combination o f combinatoria l method s an d simulation ; Abell o and Ca -
palbo focu s o n propertie s o f graph s generate d b y a n appropriat e rando m model ; 
while Hartke takes a  combinatoria l mode l of disease spread o n tree graphs . Finally , 
we se e tw o application s o f Suppor t Vecto r Machine s t o epidemiologica l dat a sets , 
from Li , Muchni k an d Schneide r (usin g breas t cance r dat a fro m th e SEE R data -
base) an d fro m Fradkin , Muchnik , Herman s an d Morga n (usin g dat a o n diseas e i n 
chickens). Som e othe r potentia l area s o f interes t tha t w e hav e no t touche d i n thi s 
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collection relat e t o patien t confidentiality , codin g an d cryptograph y an d multiscal e 
inference. 

We hope th e volum e help s to foste r cooperatio n betwee n epidemiologists , com -
puter scientist s an d mathematicians . W e believ e thi s wil l hel p elucidat e th e mai n 
algorithmic an d mathematica l issues . I n a  relativel y brie f perio d o f tim e w e no -
ticed a  variet y o f interconnection s betwee n th e disciplines , fa r riche r tha n w e eve r 
dreamed of . W e trus t tha t th e paper s include d her e ar e a  goo d indicato r o f th e 
possibilities tha t discret e mathematica l thinkin g ca n offe r t o a  variet y o f epidemi -
ological questions . 

James Abell o 
Graham Cormod e 

Piscataway, NJ , 200 5 
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