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Preface 

This boo k i s based o n a  graduat e cours e tha t I  gave a t th e Field s Institut e fo r 
Research i n Mathematica l Science s i n Fal l 1998 , a s par t o f th e themati c yea r o n 
Probability an d It s Applications . Th e ai m o f the cours e wa s t o introduc e student s 
to th e theor y an d practic e o f Mont e Carl o methods . I  planned t o cove r a  rang e o f 
key topic s t o th e dept h necessar y fo r th e studen t t o b e abl e t o design , implemen t 
and analyz e a  ful l Mont e Carl o stud y o f a  mathematica l o r scientifi c problem . A s 
in mos t courses , I  ha d t o compromis e betwee n breadt h an d depth . Th e lecture s 
were designe d t o presen t materia l tha t coul d b e comfortabl y handle d i n lectur e 
format. Fo r student s wh o migh t late r nee d mor e detail s o n individua l topics , I 
included frequen t reference s t o books an d articles . Thi s boo k i s based closel y upo n 
the lecture s an d follow s thi s approach . 

The cours e wa s unique fo r m e becaus e i t attracte d a  large r variet y o f student s 
(and postdoc s an d others ) tha n I  a m accustome d to : i n attendanc e wer e peopl e 
whose researc h wa s i n mathematics , statistics , physics , chemistry , finance,  com -
puter science , an d biology . Th e onl y forma l prerequisit e fo r th e cours e wa s a n 
undergraduate cours e i n probability . Th e sam e i s true fo r thi s book , althoug h i t i s 
also helpfu l t o kno w som e basi c statistics , an d a  knowledg e o f elementar y Marko v 
chain theor y i s assume d fo r Chapte r 4 . I  hav e trie d t o kee p th e leve l o f th e boo k 
suitable fo r a  beginnin g graduat e studen t o r a n advance d undergraduate . 

The first  chapte r contain s a n overview o f what Mont e Carl o is all about, a s well 
as a brief summar y o f basic concepts from probabilit y an d statistic s tha t th e reade r 
is assumed t o have seen elsewhere. Chapte r 2  describes various algorithms tha t pro -
duce "rando m variables " havin g desire d distributions . Compute r implementatio n 
of these algorithm s ar e the fundamenta l buildin g block s o f any Mont e Carl o study . 
Chapter 3  describe s technique s fo r improvin g th e efficienc y an d accurac y o f you r 
Monte Carl o study , an d illustrate s th e concept s wit h runnin g example s fro m nu -
merical integration , networ k reliabilit y an d queuein g theory . Chapte r 4  i s devote d 
to Marko v chai n Mont e Carlo , a  powerfu l metho d fo r simulatin g comple x rando m 
systems arisin g i n statistics , physics , compute r science , an d othe r fields.  Chapte r 
5 describe s statistica l method s fo r analyzin g th e outpu t o f a  Mont e Carl o study . 
Chapter 6  concludes th e boo k wit h a  discussio n o f the Isin g mode l fro m statistica l 
physics and Marko v chai n Monte Carl o methods tha t hav e been developed t o stud y 
it. 

I hav e trie d t o mak e thi s boo k broadl y accessibl e t o student s wit h a  variet y o f 
scientific backgrounds , althoug h part s o f i t ar e designe d mor e fo r student s wit h a 
stronger mathematica l inclination . I  hav e als o bee n rathe r selectiv e i n th e choic e 
of topics , wit h th e resul t tha t I  coul d hav e subtitle d thi s wor k " A Persona l Vie w 
of Mont e Carlo" . Wit h severa l fine  an d thoroug h text s o n Mont e Carl o available , 

vii 



V l l l Preface 

I fel t spare d fro m th e nee d t o b e complete , an d I  use d th e limitation s impose d b y 
the cours e timetabl e a s a  furthe r excus e t o abbreviat e o r omi t variou s topics . I 
feel tha t th e resultin g lectur e note s that compris e thi s boo k "cu t t o the chase " an d 
allow th e reade r t o surve y quickl y th e mai n idea s an d capabilitie s o f Mont e Carl o 
methods. 

It i s natura l t o reflec t o n the additiona l topic s tha t I  would hav e covere d i f th e 
course ha d bee n muc h longer . Hig h o n th e lis t woul d b e th e theor y o f convergenc e 
rates fo r Marko v chai n Mont e Carl o (Sinclai r (1993) , Mey n an d Tweedi e (1993)) , 
simulated temperin g an d othe r acceleratio n algorithm s (Madra s (1998)) , and mor e 
detailed application s t o variou s fields,  suc h a s statistic s (Gilks , Richardson , an d 
Spiegelhalter (1996)) , communication s network s (Rubinstei n (1986)) , physic s 
(Frenkel an d Smi t (1996) , Soka l (1997)) , an d th e self-avoidin g wal k (Madra s an d 
Slade (1993) , Chapte r 9) . Th e intereste d reade r i s invite d t o consul t thes e an d 
other reference s fo r a  fulle r pictur e o f curren t researc h i n Mont e Carl o methods . 

I a m gratefu l t o Pete r Peskun , Irwi n Pressman , Donn a Salopek , Soono k You , 
and Zhongron g Zhen g fo r thei r feedbac k o n a n initia l draf t o f these lectures . Dea n 
Slonowsky provide d valuabl e assistanc e i n th e earl y typin g o f thes e notes . I t i s a 
pleasure t o recor d m y thank s t o Do n Dawson , To m Salisbury , an d Gordo n Slade , 
my co-organizer s o f the 1998-9 9 them e yea r i n Probabilit y an d It s Application s a t 
the Field s Institute . I  also wish to thank th e staf f a t th e Field s Institute , especiall y 
Alesia Zuccala , wh o helped i n the organizatio n o f the them e yea r a s wel l a s o f thi s 
book. Finally , I  happily acknowledg e the continued suppor t o f the Natural Science s 
and Engineerin g Researc h Counci l o f Canada . 

Neal Madra s 
Toronto, Jul y 200 1 
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