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As heabiliy ocu an aseis ey con enien in 1iing co e, heea les
in his anusc i ee eeloe bycu an asebe en he L E soucean a
in 0 unning on . he gues eegeneae inPos ci ,an ee iecly

mco oae.

his gui e ay be eelyco ie an e is ibue o anye ucaional u ose o1ie
isau hoshi isclealysae .



Preface

isa o e ul ool o ineacie aae a inaion, ceaiono g a hs, an

i le emaiono cuso ie ouinesbase on he languageo A ell Labs (Lu
cen echnologies). he o enconce ogehe ihis eibiliy aesi a ealing
o aaanalyss o allscieni ¢ el s. A ongis anys enghsaeis o e ul bu
e ible g a hics ou ines, an is aciliy o iing unc ions he eby you ay ei he
0 1y an e is ing unc ion, o ¢ ea eoneo you o n. Mos s an a
ni uesan any nons an a ones besi esaealea y

e loaoyan o alsaisical analysis e y easy.

s a is ical ech
oga e in a ing

)

hisgui e as i en ogi easoli bu wuic in o ucion o he

en i on

en. youha ene e use beoe, hisgui e illge youu os ee uic ly.

o, he esen guieis i ailyinen e o he no ice. ih he oie
goun o in

lace, i is hen ossible o ac le he eally so his ica e
o dieyou o n. asecic oble isno coee

o n heans e inoneo heboo san anuals on

unc ions an
in his gui e, you shoul be able

his anusc i as 1 en oacco any hein o uc ion cou se o gi en
a heDe a en o Mahe aicsa he issFe eal nsiueo echnology in Lau
sanne. Al houghi hasbeen i en o a a icula en i on en 4 0

)
ha e ie as a as acicable o

)
a e hegui ein e en en o
on en an hee ac e sion o

he co uingen i
in use. his anusci isalsouseul ih
a eely a ailableo ensouces aisicalsyse mno unlie . hae ie

he e ossible



i

ouseco e ha o sinall e sions o an in . na iion o he s e iion

he esen anusci inclu esane cha e onasho co aisono 5. ih

4. Moeoe,iisassu e o o ihaga hicaluse in e ace ( ) such as
Mo i o Mic oso in o s,o0 aa e inal Finallyy he eb ageo hein o uc ion
cou se o an o he esen anusci is

Many eo lein uence his anusci an con ibue ieclyo in iecly. hey

aea oonu eous o enion. oul lie o han allo he . As ecial han goes o
Ch is ian angio gio o he e ina u aisi a heE H in uich o o1 ing
e ih hei couse aeialon hei Ein uh ungin cou se. Mo eo e, s ecial

han sgo oP o. An hony C. Da isonan einha Fu e o hei aluablesco ens
an sugges ions.

h oughou his gui e language cons ucsan co an saese in ye ie
on , 0 in using he 0 li e
0

he o isuse as hes an a 0 o he shell, e.g.

Finally, eyboa eysae 1 eninca ialle es, e ess he E ey.
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Chapter

Introduction

is a ey high le el language an an en ion en o a a analysis an g a hics.

as 1 enby icha A. ece, ohnM.Cha bes,an Allan . il so A ell
Labo a oies aisics eseachDe a en. isa e ygeneal ool,so ha a lica ions
aeno es ice oany a icula subec aea. mne ay o hin o i is oi agine he

i e ange o a licaions ha can be han le by as ea shee oga bu hin
o aneen boa e angeo a licaions because is uch oe e ible o co le
co uaions. Ase a les, hasbeenuse o co wuingin a easli e business, nance
an e ei en al science.

un a enali o anceis ha is alanguage. his a es uch o e use ul
hani i ee eelya acage o saisicso ga hicso ahe a ics. agine i
English e e no a language, bu e ely a collec ion o o s ha coul only be use
iniiually a acage. hen ha ise esse in hissenenceis a oeco le
han any eaning ha coul bee esse ih he English ac age. ha is hy he
au ho s o ee ha youno call asaisics ac age. Mos o he eo le ho use
ha enoa ach en osaisics,an os o he a licaionsin ol ebasic uaniai e
co uaionsan ga hics. n ,all uncions ae ighlyinegae an con olle by
he language.

isa aluea e esiono sol by Mah o , nc., an i is a ully su
o e an ocu ene a licaion hich has been co ile an ese on nu e ous
a chi ec ues. is a ailable in bo h an in o s esions. helaes e siono
ise en unning on he os a o able la o : Linu . nall, oesa
eyco ehensi ese o uncions iho e 4,000 buil in unc ions.

is a subse o ,an hence any hing hich ay be one in ay be one in
na iion hase en e wuncionaliyina i e aiey a eas,inclu ing
obus egession, o ennon aa e ic egession, i e seies, su i al analysis, ul



i a ia e analysis, classical s a isical ess, wualiy con ol, ga hics 1ies an any
oe.A on o ulesa a iionalca abiliies o a ele analysis, s a ial s a is ics,
nancial analysis an  esigno e ei ens. na 1iion, hene e e sions o
in o sin o ucesa ull eaue g a hical use in e ace.

An elec onic sou ce 0 ino a ion on is he Ma h o eb sie. he L
o hissieis

he ys e as ecen ly ecogni e 1ih he esigious Associa ion o Co u ing
Machine y (ACM) o ae yse sA a . heACMna e ohn M. Cha bes o
ell Labs as he eci ien o hel199 o ae yse A a o eeloing he ys
e . he ACMs ciaion noes ha Cha bess o
oe ha he yse o aeA a ecogni es hose ho e elo so
aesys e shaingalasingin uence. o aesyse s ecognie by eiousa a s
ha einclu e suchconesoneso o enco uingas he o eaingsyse , he

ol ie eb, CP P,an hePossci language.

heeaea aieyo ays oacceleaeyou ogess ih ,an o buil u on
he o o0 ohes. hissecion escibes helea ning an su o esou ces a ailable o

use s.

o esanonlinehel syse o a elea ningan using easie . Mo eo e,
he e sion o 4 o1iesaconenien enu 1ienhel syse , hile
in he in o s esionhel is oie hough he in o s Hel syse . helaes

e sion o 5.1in o ucesane hel syse hich is lays hel as H ML

o a e e (seealsoCha e 10).



Fo ins ance he e sion co es

All esions co e 1hseeal anuals.
ih he se s uie, he uie o aisics(Pa an ),an he
ocu en aion o in o san

ns alla ion an Main enance ui e. heenie
is also a ailable o  he ollo ing Mah o ebsie

A colleciono hie a esan a lica ion no es on you ill a

he ns uc o s Co ne a esou ce o ins uc os eaching a a anal

un e

an
ysis an s a is ics using

An a iional online boo ha isgeae o a s hose hoae oga ingin is

Finally, a H ML base hel syse o 4you ill n a he L

o is ibuing saisical so ae aases,an ino aion by

a Lib is a sys e
eb. con ains a eal h o use con ibu e

elec onic ail, F Pan he ol ie
unc ions. o access a Lib by F P, o en a connec ion o: .
Login as an sen you e aila essasyou ass o he FA (Fe

uen ly As e  ues ions ) is in ;o inH ML o a a

oaccess alib iha ebbo se. isi

o access a Lib by e ail, sen he essage:



0 . oucan hen e ues anyie in aLib ih he
e ues he e is hena eo heie

ne sis an elec omnic ailing lis by hich use s can as  ues ions an sha e
ino aion ihohe uses. oge on hislis, sen a essage ih essage bo y

0

oge o  hislis,sen a essage ihboy o hesa ea ess. nce
en olle on he lis, you ill begin o ecei ee ail. osen a essage o he ne s

ailing lis , sen i o . Dono sen subsci ion e uess
o he ull lis wuse he a esssho naboe he mne s ailing lis

a chi es a e a ailable a

he i ay eeences o ae heboo sbyisceaos:

ece . A., Cha bes . M. an ils A . (19 ), ,
Cha an an Hall, Lon on.

Cha bes .M.an Hasie . .(1992), ,Cha anan Hall,
Lon on.
Cha bes .M. (199 ), , inge, e o

he boo s hich iscuss a icula as ecso an inclu e he ollo ing:

o an A. . an A alini A. (199 ),

, 0 ni esiy P ess,
0

Cle elan . (199 ), ,Hoba Pess, u 1, e e sey
Da ison A. C. an Hin ley D. . (199 ), ,
Ca bige niesiyPess, Ca bi ge.
Eei .(1994), , Cha an an
Hall, Lon on.
Ha le . (1991), , inge , e

(0]



K ause A. an  Ison M. (199 ), , inge, e o

Ma a 1 A. (199 ), :
Cha an an Hall, Lon on.

ec o P.(1994), ,Du buyPess, el on, Cal
i 0 nia.

enables . .an iley . D.(1999), ,

hi E . inge, e o

enables . .an i ley .D.(2000), , inge, e o

hey go a beyon he co e age o his gui e, inclu ing any o ics (such as obus
s a is ics, non linea eg essions, o e n eg ession, su i al analysis, ee base o els,
i eseiesan s aialsaisics)no coee hee as ellasingeae e hon ha is
coee .Moeoe, o eaeso e an heeae:

oe F. (199 ),
, e lag Lucius  Lucius, u ga
K ause A. (199 ), , inge elag, e o

uselbec . (199 ),
us a Fische e lag, enna.

)

Fo ea eso Fench heeis:

au ga ne M. (1994),
,De a e en e Mahe aiues, Chaie e aisi ue, EPFL, CH 1015

Lausanne.

helae canbe o nloa e o hecouseho e age:

Anu o aelis o e san boo son an is:

aisics elae ino aionyou ill n a

n hissi eyoucan n easily an uic ly any hing ela e os a is ics.



his sec ion co e s he basics 0 s a ing , 0 cons uc ing e essions, o
ge ing hel by use o he buil in hel syse ,an so e gene alino a ion.

0os a , v e he ollo inga he shell o , an ess he E

ey:

nly he iscaialie. henyou ess E ,aco yigh essagea eas:

ou ge he 0 , aling o in u o0 you. ou can use by
y inge essionsa e he o an essing he E ey. A ong hesi les

e essionsaeaih eiconessuch as

he sy bols an e esen oeaos o a iion an ul i lica ion,
es eciely, na iion o heusualaih eican logicalo e a o s, has s ecial
oeaos o s ecial u oses. Fo e a le, he colon o eao is use o ob ain
se uences:
he ineacho heou u linesis hein e o he s es onse on he line o
ou u. is es on ing ihalong ec o o esul s, eachlineis ece e
by hein e o he s es onseo ha line. he os co on e essionis he
unc ion call. Ane a leo a unc ion in is he wuncion,use o co bining

co aseaae lissoie sinoasingleie . Funcions callsa eal ays ollo e by
a al o aenheses;, iho 1hou anyagu ensin he aenheses. Ane a leis
gi en by



Le usno in o uce so e basic y ing syn a an con en ions in . oe ha
igno es o0s s aces, o e a le

Ho ee, ono u s acesin he i leo nu beso na es. Fo e a le, i you ish

oa an , hee ession causesane o . Also, henyou y ea E

an i isclea o ha ane essionisinco lee(o e a le, helas cha ace
isano eao,0 heeisa issing a en hesis), 0 1 es acon inua ion 0

o e in you oco lee hee ession. he eaul coninuaion o is . Hee

ae oea leso inco leee essions

n each o he abo e cases, he use co lee hee ession a e he con inua ion
0 . ,an hen esone ih he esul o hee aluaiono heco lee

e  ession.

0 ei esyou ay an os o hee alua iono an e ession. Fo e a e,
you aysu enly ealieyou an ousea ieen co an ,o heou u is layo
aaon hesceenise e elylongan you ono an oloo a alloi. oine u

, use he ine u co an, hichon os syse sconsisso C LC
( essing he C ey hile hol ing o n heC L ey).

Ele enayco an sconsis o ei he e essionso assign ens. ane ession is
gienasaco an ,i isealuae , ine ,an he alueis isca e . An assign en
also e alua es an e  ession an  asses he alue, hich can be change , bu he e aul
isassu e hee. n ac i is e in he (hi en) a iable :

o a,inallo hee a les, hassi ly eune a alue. o euse he alueo
an e ession, you us assigni ih he oeao.Fo ea le oassign
he e ession 0 an obec na e ,you oul vy e



¢ ea es heob ec an e u nsan 0 . 0 ie heconens
o hene lyceae obec, us y eisna e

Lie os base  ac ages is case sensii e, an so all ob ec s,
agu ens, na es,an soon. n he ollo inge a le,youge ane o essagei you
ono y e e aclyass ae ,inclu ing a chingallu e casean lo e case
le es.
oge alis o all he ob ec s in you iecoy he o ing
iecoy, heeall heobecsyouceaeaesoe y e
A oeso hisicae e siono is he unc ion , hich can be use o lis only

asubse o heobecs. o n all heobecssa ing ih in he o ing iecoy,
use

o e o eaobec,say , o his iecoy, y e

isi o an omnoe ha obecs in you iecoy ill ae ece enceoe
syse obecso hesa ena e. hisisa e uen cause o a he obscuee os, an
can cause a a en ly co ec beha io bu e oneous esul s. A oi using na es such as
, , ,ec o you o nobecs. ayyou an oceaeanobec calle



E ey hing see s o o ne, bu in e o ing o you iecoy an in

ecalling

you see ha hisobec alea ye iss as e illseelae,i eunsa a i hich

is he ans ose o hein u a i. oe ha hisisa geneic uncion ( )
eaning ha heacion e en son he y eo obec gi enasana gu en. hese unc

ions aeuiliy uncions o obec oiene oga ing. heieao obec oiene
oga ingissi le,bu ca iesalo o eigh. Heeis he hole hing: i you ol

agou o eole o ess o o , henyou oul e ec each o u on clo hes a
o iae o ha iniimuals ob. Lie isei is ossible o obecs oge  esse
o iaely e en ingon ha classo obec heyae. bec oienaionsi li es.
you an o in anobec,you ono nee o n ou ha y eo obec i is, hen
y o e e be he oe uncion ouseon ha y eo obec,an hen oi. ou

e ely use an he igh hing ha ens, e.g.

a

can alsosi liy oga ing. Poga ingissi li e o he eason abo e, an

i alsosuggessa o e ense bleo uncions o ie o a a icula a lica ion. Al
hough echnical ino aionis oes ase hanone oul ho ea he sieo
Mah o , heeisa ey useula icleon hisissue by icha Cala ay:
Finally, o ui an ge bac o , use he unc ion:

he ae euie ih he co an o ui because is an

unc ion. Pa en heses a e e ui e ihall unc ions.

session, you can ob aini easily ih he

younee hel a any i e uingan
le syn a i e uiesno aen heses

an unc ions. he unc ion has si

In  o0s ins ances:
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he sa e esul isgi en by . oh an use heless age ( oie ih
) o is lay he e uese hel . oucan use he an u eys o age O n
an u, es eci ely use he ey oei hel an eun o he 0 . he

co an is a iculaly useul o ob aining ino a ion on classes an e ho s.
you use i h a unc ion call, o es ocu en aionon he uncionna ei sel

an on all eho s ha igh beuse 1ih he uncioni e aluae

i he unc ion call is , hee

n a icula ,
is a unc ion na e, oes

ocu en aiononall eho s o a ailable in hecu en seachlis. Fo e a le,
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ouene henu be o he esie eho an in s he associa e hel le,
iieiss he co an oesno chec o heeisence o he hel lesbeoe
cons uc ing he enu. A e each enu selec ion, esen s anu ae  enu
sho ing he e aining choices. oge bac o he 0 0 i hin a enu,
en e . ou call ih hena eo an unc ion, o e a o, a ase as

agu en.
oge he os ino aion o he hel sys e ,youshoul beco e a ilia

ih hegene ala ange en o hel les. Hel lesaeo ganie as ollo s (no all les
con ain all sec ions):

.Abie esci iono he uncions ain use.

.Poie heco ec syna o acall o he uncion. A gu ens o hich
us heagu en na eisgienae euie, hileagu enssae in he o
aluea eo ionala gu ens, hee hegi en alueis he eaul alue.

.Lissagu ens euie ineeycall o he uncion. no
su lie ,ane o esuls.

.Lissagu ens ha aybesu lie inacall o he unc
ion. mno su lie, eaul aluesa euse

. Lis sany e ec so he unc ion o he han e u ning a alue.

.Docu ensso eo heco uaional eails escibing hei le en a
ion o he unc ion.

eeences oscieni clieaueo boos hich escibein u he
e ail he e ho ologyo ine eaiono he esul so his unc ion.

.Liss elae unc ions.

iese a leso useo he unc ion.

ne he 11 ino syse , hehel lecanbe oce oa ea iniso n in o ,

hee san s o E.Assu e ha he ine enion en a iableisse, he hel
age can be ine by

Fo a eaues eci e bys ecial chaacescaeisnee e . Fo e a le:
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us beinclu e in ouble ( ), o0 single woes( ), a ing

n such cases he a gu en
as cha ac e s ing. oalenaie ayso ge ing hel

i aneniy mno nin
on hea i1iono eao ace

hich allo s you o sea ch

he e sion .4 o has alsoa in o syse ,
lesa hesa e

o hel lesby oican o is lay he . oucanloo a any hel

i ean ee he on hesceen asyouconinue o ing. y e

o e lace hen o base syse use inea lie
he ne hel syse is lays hel as H ML o a e e , by

esiono helLyn e inalbase bo se. youhae esca e
, you can choose o ha e hel is laye

5.1in o ucesane hel syse

e sions o
eaul usinga o ie

a iga o on he achine you use o un
inyou aigao in o he unc ion has been es oe , bu no uses
you esca e aigao ino o islayis enuo uncionan aase hel les.
Asho co aisono 5. ih A4is gi enin Cha e 10.

aesoe ina iecoy . oe ha as he

All he ob ec s you ¢ ea e in
ih i illno allybehi enin lelisings o

iecoyna e begins
by . oseei, y e he ollo inga he shell o
he e is a iecoyin hecu en iecoy hen isin o e, ha i
iecoy, o such a iecoyis

ecoyisuse ahe han he iecoyo you ho e

ceae 1iha aning:

he ollo ing o1 esone ay o o gani e you ,using se aae iecoies o

each oec,eg su oseyou an o ha e ane o ing iecoy o , say



o , change o his iecoy:

an aeasubieoyo calle

his sub iec o yis o use by isel. oe ha his iecoyonlyhas obece

ae once. Ana an ageo is ha allceae obecsaesoe in he iecoy
,an heyae eaine unile licily elee . o,inincon as oo he saisi

cal so aes, heeyouhae oe licilysae ha you an osaebeoe ui ing,

he c ea e obecs e ain e anenlyeena e ui ing .y he i e

you iecoy ayconaina e hun e obecs,an soyoushoul cleanu you

iecoy o 1 e oi eino e omno beyelle byyou syse a inis ao
o hogging all he is s ace.

ee sa eco o allco an sin he le in you . hisis a
hi en lean cango ahe as as ell. ocleanou he leeniely, y e

he ollo ingou u is o uce

youli e o ee he os ecen 100000 cha aces, y e

nclu e ih isaco an lineeio ha canhel i oeyou o uciiy
by enabling you o ecallan e i e iously issue co an s. heeio can
oeihe e acs o isyleeiing. obe ali, he alue o heen ion en a iable
_ us be i o e acs,i.e. in he shell y e
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ouse heco an linee io i hin .S a ih he ollo ing co
an :

ablel.1su aies he os useuleiingco an s o hee acs o0 eo heco
an linee io .

able 1.1: Co  an linee iing o hee acs o ein

bac a chaace |C L
o a chaace C LF
e ious line C LP
ne line C L
beginning o line C LA
en o line C LE
o a 0 E CF
bac a 0 E C
ill cha C LD
ill line C LK
elee o E CD
sea ch bac a C L
ans ose cha s C L

Moeo e, oaoi oge ing oinole hese oco ansino e osa
you can use an alias, hich o C shell use s oul loo i e:

Asane a leo using heco an linee io,su oseyouhaesa e ih
hee acso ion. u oseyou ane oge so ehel on he unc ion by y ing
he ollo ing:

y eC LP o ecall he e iousline, henuseC L o eun o he in
Finally, y eC L o ans ose he an he .Pess E oissue hee ie
co an .



Chapter

Introductory Session: How to Beat the
Lottery

ne o he bes ays o ge ing ac uaine ih is ousei o hel you o
un esan a a icula se o aa. ole usconsi e aaissue o helo ey, hee
you igh be oiae o e o a aanalysis. he ea esaeinie o o h ough

he ollo ing a ilia i a ion session an see ha ha ens. Fis i euses ayno ye
un esan e ey eail, bu he bes lanis o y e ha you see an obse e ha
ha ensasa esul.

his cha e is ainly base on ec e, Cha be s an il ssboo (19
,Cha e 1).

hes eci ¢ aa e illloo a conce ns he e e sey Pic Lo ey. u aais
0 254 a ings us a e helo ey assa e, o May 19 5 oMa ch, 19 6. Pic
isa ai uuel ga e, eaning ha he innesshaea aciono he oney a en
in o he a icula a ing. Each ic e cos ycensan a he i eo uchase he
laye ic s a hee igi nu be anging o 000 o0999. he oney be uing he
ayis lace ina 1ie oolan anyone ho ice he inning nu be sha es e ually
in he ool

he a a a ailable gi es o each a ing he inning nu be an he ayo o a
inning ic e. he inningnu be san heco es on ing ayo s a e:

oge a esci iono he aa, y e

15
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his aaaeanea leo socalle buil in aa, hichco e ih . A lis
o all buil in aaisgi enin he ine anuals.

Fo he in o he o aa enoice ha, o he s a ing, he inning
nu be as 10an i ai 190.00 o each inning ice hol e. n ha ollo s e
ill y oea ine he aa. u eicalsu aies 01 easaisical syno siso he
aaina abula o a. ucha uncionis . he ollo ing is laysasu ay
o helo ey ayo s:

e ea o his ha he ean ayo as 290.4, ha he ayo s ange o 0
69.5an ha 50 o all ayo slay be een 194.2 an 64. he uaniles o ase
o aa canalsobeco ue by eanso . Fo e a le,

his eans ha 25 o he aluesaeless han194,an 5 o he ayo s a eless han
65.

Abe e ay oun esan he aais oloo a i ga hicallyy, o o so, you ha e
o unon hega hics in o .Fo he 11 in o syse a ossible e iceis:

Ase aae in o shoul a ea onyou sc een.

nou aa, o eec long e 1 egulaiies e illloo a he inningnu bes o
seei heya ea obechosena an o . o oso ecoul o uce ahisoga o he
lo e ynu bes:

he his og a is sho n in Figue 2.1. ince hee ae 10 bas, he coun shoul be
a oi aely25ba a hele e esens heone i e ha 000 as he inning nu
be. loos aily a nonee oino a uy.

couse, os o ou a enion ill obablybe iece a he ayo s. Ele enay
obabilis ic easoning ells us ha a single nu be e ic has a 1 in 1000 chance o
inning. e lay any i es, ee ec abou 1 inningnu be e 1000 lays. ince
a ice coss ycens, 1000 lays ill cos 500,s0 eho e o ina leas 500 each
i e e in,ohe ise e illlose oneyin helong un. o,le us a e a hisoga
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Figu e 2.1: Hisoga o he inningnu bes o 254lo ey a ings.

o he ayo s.

Figu e 2.2sho s ha ayo s ange o less han 100 o oe han 00, al hough he
bul o he ayo saebe een 100 an 400,ie. hee eeanu be o ayo slage

han 500 e ha s eha eachance. he 1iely aying ayo sae i aily ue o
he ai uwuelbe ingin helo ey:i you in hen e o hes in,you illge ala ge
ayo . you a e unluc y enough o in along ihohes, he ayo aybe elai ely
s all.

80

60

20

| II
o) m—
0 200

Figu e 2.2: Hisoga o helo ey ayo s.

800

400 600
lottery.payoff

Le ussee ha helages an hes alles ayo san co es on ing inning nu
bes ee:



innes ho be on 12 us ha e been isa oin e isno a ey lage ay

o . n heohe han 69.50 is e y nice. ince he inning nu be s an he ayo s

co ein ais,anu be an a ayo o each a ing, ecan o uceasca e lo o

he aa oseei heeisany elaionshi be een he ayo an he inning nu be .

01 esagene ic lo ing unc ion, , hich o uces i een in so los

e en ingon he aa asse oi. nis o0s co onuse,i o0 ucesasca e lo o
onu e icob ec s:

800

600

lottery.payoff

400

0 200 400 600 800 1000

lottery.number

Figne2. : ca e lo o inningnu be an ayo o he254 a ings.

ha oyouseein he Figue2. Does he ayo see o e en on he osiiono
he inningnu be Peha si oul hel oa a i le line ha ollo s heo e all
a eno he aa:

hisco an suei osesas oohcu eon he inning nu be an ayo sca
e lo. he esul is gi en in Figu e 2.4. Can you see he in e es ing cha ac e is ics
no

he e a e subs an ially highe ayo s o nu bes ihalea ing e o, eaning e e
eo le be on hese nu bes. Peha s ha e ecs eo les eluc ance o hin o nu
bes ihlea ing eos. A e all, noone ies 010on a en olla chec Also noe
ha,e e o henu bes ihlea ing e os, ayo ssee o inc ease as he inning
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800

600

lottery.payoff

400

200

0 200 400 600 800 1000
lottery.number

Figue24: As oohcu eissu ei ose on he inningnu be an ayo sca e lo.

nu be inc eases. oul beineesing oseee acly ha nu besco es on o he
la ge ayo s. Fo unaely, ihanineaciega hicalin u e ice, ecan o ha by
si ly oining a he ou lie s:

oieniya ayo ihisco es on ing inningnu be us clic ona oin using he
le ousebu on. nceyouha e oine ou he oulies us clic on he i le ouse
bu on. Can you see in Figu e 25 he a enin henu bes ih eyhigh ayo s

499 *

800

767 .

.20
L7 919 ,

600

. 87
L 109 282

lottery.payoff

400

0 200 400 600 800 1000
lottery.number

Figu e 2.5: ulieson hesca e lo aelabelle ih heacual inning nu be .

Asali lehel i is osay ha helo eyhasa o eo be ing, calle co bina ion
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bes hee layes ini he igisin hei nu be a ea inanyo e ( ice 12
oul inon 21,2 1). he a enin henu besis ha os o henu bes ih

high ayo sha e u licae igis. his esuls o he ac ha ayo s o henu bes
ih ulicae igisaeno shae 1ihco binaion be es,an hus a e highe .

Anohe eho oloo ou o oulies is o aeabo lo o he aa. eno
ice beoe ha he ayo ssee o0 e en on he s igi o he inning nu be .
oi oul beineesing o a bo e o he ensubseso ayo sinasingle lo o
su y his heno enon g a hically. a he hane acing each se se a aely, e use
he unc ion oceaealis, heeeachele en o helis gi esallo he
ayo s ha co es on oa a icula s igi o he inningnu be. he
unc ion ill a abo o eachele en in he lis .

he bo inabo lo conains he i lehal o he aa he hisese en ing o
hebo each o he os e e emnonoulie oulying oinsae lo e in i i ually.
o ice in Figu e 2.6 he high ayo s o he s bo . hega hicsho susas ell ha
iis ae o a ayo oe cee 5H00. o, lace you be i you en oy ga bling. Do no
e ec o In.

800

Payoff
400
]
]

]

:

0 1 2 3 4 5 6 7 8 9

First Digit of Winning Number

Figue2.6: o lo o ayo sgou e bylea ing igi o he inning nu be .
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Chapter

Data Manipulation

he basic a a obecs in ae ecos, a ays, lissan aa a es. n his
sec ion, each o he ill be escibe in oe e ail

oeaesonna e aas ucues. hesi les suchs ucueis he eco,
hich is a single en i y consis ing o ano e e colleciono nu bes. Fo e a le,

isa eco consisingo enu bes na ely51,6., .,9 an 10.5. he e ious
co an isanassign en sae en ( )using he uncion , hich co bines
he e aluesinoa eco. oe ha heassign ens can also be a ein he o he

i ec ion, using he ob ious change in he assign en o eao. o hesa e assign en
coul be a e using

an e ession is use asaco leeco an , he alueis ine an los. oi
e ee ouse heco an

he eci ocalso he e alues oul be ine an ,o couse, he alueo
oul be unchange |,

21
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ecoscanbeuse inaih eice essions,in hich case heo eaionsae e o e
ele en byele en. he ollo ingele enayaih eico eaions o on each ele
en o

he e san s o aising oa o e. Any i eyouuseano eao 1iha eco as
oneagu en an anu be as heohe agu en, heo eaionis e o e on each
co onen o he eco. Le uscons uc asecon eco,

hich has he sa e leng h as . ecosoccu ingin hesa ee ession nee
no all beo hesa eleng h. hey a eno, he alueo hee essionisa eco 1ih
he sa e leng h as he longes ec o hich occu sin hee ession. ho e ecosin
he e ession ae ecycle aso en as hey nee o beunil hey ach helengh o
helonges eco o his helengho he ecoshae obe uliles. n a icula a
cons an issi ly eeae. o ih heabo eassign ens heco an

gene a esane  ec o o leng h5cons uce bya ing oge he,ele en

by ele en , , , an e eae e i es. na iionall o he
co onaih eic uncions a e a ailable, e.g. , , , , , , ,
an so on, all ha e hei usual eaning. an selec  he la ges an s alles
ele enso an eco es eci ely. isa unc ion hose alueisa eco o leng h

o,na ely he eco con aining he ini uw an he ai u o allo heele ens,
e.g.

he ele en byele en ai u an ini u o 00 o0e ecosaegien by
an . he unc ion gi es henu be o ele en s,



Hence, ali in ices o he ec o a ein he ange . El
e enso a eco aybee ace bys eciying heele en ins uaeb aces,

Fo e a le, is he hi co onen o , an

selecs he s heeele enso , assu ing . he
sa e is ob aine by . a icula inees ae he ollo in 0
unc ions: gi es he oalo heele ensan hei o uc,

o a, ehaeonlyseen ecosconsisingo nu bes, bu a eco can also consis o
an a ay o logical alues:

hee san s o an san s o . you can ha ease o cha ac e s ings:

hasanu be o aciliies o gene a ingco  only use se uenceso nu be s.
Fo e a le is he eco

hecolono e a o hashighes ioiy ihinane ession,so, o e a le is he
ec o . ocons uc abac a sse uence,
you can use

he unc ion isa oegeneal aciliy o gene a ing se uences. F o ishel le

esee ha i has eagu ens. he s oagu ens, i gien, s eiy he be
ginning an en o hese uence, an i heseae heonly oagu ensgien he esul
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is hesa eas hecolono ea o, i.e. is hesa e eco as
oae an . he ne 0O aa ees O
seiyase siean alengh o hese uence es eciely. mnei he o heseis
gi en, he eaul isassu e. ogeneaease uence o 0 ol 1ihs acingo 0.1

be een successi e alues, y e

you can s eci y he beginning, heince en,an helengh 1iheihe he
agu en o he agu en:

A ela e unc ion is hich e ea s a alue by s eciying ei he a a gu en
o a agu en. iss eci e, he alueis e eae henu be o i es
s eci e (‘he alue aybea eco):

isa eco 1ih hesa elenghas he eco o alues being e eae , each
alueis e eae heco es on ingnu be o i es.

Mo eo e, he unc ion can beuse oceaeso es ecial ec o s, e.g.
he unc ion o0 uces he eco o in ices ha ill so a eco. ha is,
is he sa e as . he unc ion is

useul hen you an oso se eal ecosin a allel:
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is ac ually so e obably isno so e bu i isin heo e ha
a e so e. o0 eese heo e o a eco o lis, one can use he
unc ion. o you igh ha e

A iional unc ions o ani ulaing ecosace an , hich e
uns he alueso hein u 1ihou any e eiion, o alogical ec o eno ing hich
ele ens u licae e iousele ens. Fo ea le, oge heso e lis o

ihno u licaes, y e

Ani o an aaobec y ein is he o aya ay,o a i obec.Ma ices
an hei highe 1 ensional analogues, a ays,ae elae o ecos, bu haeane a
s ucuei ose on he . Ma icesaeuse oa ange aluesby o san colu nsina
ec angula able. Fo a aanalysis, i een a iablesa eusually e esene by i een
colu ns,an i een caseso subecsae e esene by i een o s. hus a ices
a econ enien o gou ing oge he obse aions ha ha e been easue on hesa e
se o subec san a iables. Ma ices i € o ecosbyhainga i ension, ha is,
henu be o o san colu ns. Fo e a le, he eco hasno i ension :

o un inoa a i onehassi ly os eciyis 1 ension,
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na iion o he unc ion can be use as ell:
oceaea a i, onecan use he unc ion.  he unc ion a es as
agu ensa eco an onu bes hichs eciy henu be o o s, an colu ns,

.Fo ea le:

he a gu en assu es he aa alues obe he s o , hen hesecon o |,
an nally he hi i o . Moeo en, younee oco bineseeal ecoso a ices
inoasingle a i. oco bine ecos (an a ices)ino a ices, one can use he
unc ions an . he unc ion co bines ec o s colu n by colu n,

an co bines ecos o by o



hen ecoso i een leng hsa eco bine using 0 , hesho e onesa e
e lica e cyclically so ha he a i is lle in. a icesaeco bine , hey us
ha e aching nu beso o s hen using an a ching nu be s o colu ns
hen using . he ise, insane o essage an he obecsaeno

co bine . Fo e a le, using

ona e he o so an colu nso a a i, onecan use he unc ion . Fo
e a le,su ose ha hecolu nso con ain hecolo s,say,o0 1 een o es.
n y ing

one sees ha hisino aionisno inclu e in he a i,soone aylie o assalis
0 na es o ,

Ana iionale a leon heuseo he unc ion iIs 0so hecolu nso a a i
elaie ooneo he o s;sayin he eese o e:



able .1: Accessele enso he a i

Access heele en in he h o h colu n
Access h o

Access hcolu n

A. a ihou h o

A. a ihou hecolu n

Access he o s ene by he eco

Di een ays o ho oaccess a i ele ens aegienin able .1. Fo a i
ul i licaion heo e a o isuse . Fo e a le

aesuae a iceso hesa esie o,

is he a i oele en byele en o0 uc an

is he a i o uc. Mo eo e, he uncion o uces he a i  ans ose,
ei he ceaes a iagonal a i o e acs he iagonalele enso a a i,
e uns he eigen alues an eigen ecos o as uae a i, e uns he Choles i
eco osiiono asy e ic a 1, co uesa a 1 eco osiion, an

e o s a i inesioni gien asingleagu en, o sol essyse s o linea
e uaionsi gien oagu ens.

oceaeana ayin , one has o use he unc ion. he unc ion is
analogous o . aes aaan hea o iae 1 ensionsasagu ens, hen
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o uces hea ay. mno aaissu lie, hea ayis lle ih s. n he ollo ing
ea le eceaea2by4dby a ay,

he s 1 ension( he o s)isince ene s. hisise ui alen o lacing he alues

colu nbycolu n. hesecon i ension ( hecolu ns)isince ene secon . he hi
i ensionisince ene by llinga a i o eachleelo he hi i ension. Fo
ceainga ays o e ising ecos, he uncion o s o a aysin hesa e ay

i o s o a ices. Fo ea le,i he aaaboe eesoe in he eco ,
you coul ceae heabo ea ayby e ning he i ension ih he eco

omna e each le el o each 1 ension, one can use he unc ion in he sa e
ay asi is one o a ices.

An lis is an ob ec consis ing o an o ee collecion o obecs no nasis
co onens. heeisno a icula nee o heco onens obeo hesa e o0 eo



y e,an , o e a le alis coul consis o anu eic eco,alogical alue,a a i,a
cha ac e a ay,a uncion,an soon. Co onensaeal aysnu bee an ayal ays
be ee e o0 as such.

e liss aybe o e o eising obecs by he uncion . Consi e o
e a le he ollo ing lis

Co onens aeal ays nu bee an ay al ays be ee e o0 as such. he unc

ion gies henu be o (o leel)co onensi has: 4 s eci e as

: an soon. An he co an () gies he

s heco onens. As ena e heco onenso helis, heco onen ay

be ee e oei he bygiing heco onen na easachaace s ingin lace o he

nu be in oubles uaebaces, o, o0econ enien ly, by gi ing an e ession o he
0

hen e an olis he co onen 0 . hisis a ey useul con en
ionasi aesi easie oge he igh co onen i you oge henu be, an is
s onglya ise . oucan n ou hena eso heco onensby he uncion ,

his gene a es wuch less ou u ha ining he obec, hich ill achie e he sa e
u ose. hena eso co onens aybeabbeiae o n o he ini u nu be
ole esnee e oieniy he wuni uely. Mos o he aasesaein ac liss (o can
be eae asliss),so ecoul ee o heco onen 0 as .
Mo eo e , no e ha lis s can be a ache , by eans o he unc ion , as ell as
iecoies, an hisallo s hei co onens o beaccesse asi hey eesan alone

en i ies.



Da a a escan be hough o ascloselycou le lisso aa ecoso hesa eleng h.
nli e a ices, he aa ecoscanbeo i een y es, inclu ingcha ace aa. he
ain bene o0 a aa a eis ha i allo syou o i aao ieen y esinoa

single ob ec in e a aion o analysis an o eling. heieao a aa a eis o

gou aaby aiables (colu ns) ega lesso hei y e. hen all he obse a ions on

a a icula se o aiablescanbegou e inoasingle aa a e  hisis a iculaly

use ul in a a analysis heei is y ical o ha e a cha ace a iable labeling each

obse aion,oneo oe nu eic aiableso obse aions,an oneo 0 eca ego ical

a iables o g ou ing obse a ions. Consi e he buil in aa a e , hich
e esen s all ossible co binaionso o e eawues( ), 0 concen a ions
(, ),an ocaalyss(, ). he ou hcolu n e esens he es onse a iable

ne e a s ha his aa a ehasboh o an colu nlabels. he colu ns can be
eae asco onenso alis:

an hes ucuecanbe eae asa o0 1 ensional a ay:

oeho he o labelisca ie along. Daa a escan bea ache us aslis s can,
an his allo s hei colu ns obeaccesse asi hey eena e ecos.



A aa a ecanbeceae 0o ecosan a icesby he unc ion. Fo

e a le:

Finally, no e ha youcanceae aa a esinseeal ays:

ea sin aa o ane enal le(see ecion .2.1)
bin s oge he obecso aious in s an

coe cesobecso a a icula y e oobecso class

ou can also co binee ising aa a esinse e al ays, using he , , an
unc ions.

Co aisons an logical o e a ions ae e uenly con enien o e ac ing subse s o
a a, an con i ionals using logical co aisons layani o an olein o o con ol

in unc ions. able .2liss he logical an co aisono eaos. heele ens
o alogical ec o ha e us o ossible alues, e esene o allyas (o alse)an
(o wue). oe ha an aealso ali e esen aions. Logical ec o s

aegene ae bycon iions. Fo e a le



able .2: Logical an co aisono e a osin

e ual o

no e ual o

geae han

less han

geae hano e ual o
less han o e ual o
ecoie An

ecoie
con ol An
con ol
no
o ucesa ec o o hesa eleng has ih alues co es on ing oele ens
0 he e hecon iionisno e an he ei is.

ubse s 0 a eco (o any e ession ha e aluaes oa eco) ay be selec e
by a en ing o hena eo he eco anin e eco insuaebaces uchin e
ec 0 s can be any logical ec o, hich us beo hesa elenghas he eco o
hich ele ens ae o beselece . aluesco es oning o in heine eco ae
selece an  hoseco es oning o o i e.Fo ea le

ceaesa eco sa is ying he con i ion . A iional e
a leso he logical an co aisono eaoslise in able .2 ollo

Mo eo e, he unc ions an can also be use ul:



nso ecases heco onenso a eco ayno beco leely no n. henanele en
o alueis no a ailable o a issing alue in hes a is ical sense, a lace i hina ec o

ay be ese e o 1 by assigningi hes ecial alue . n gene al any o e a ion on
an beco esan . he oiaion o his uleissi ly ha i hes eci caion
o an o e aion is inco lee, he esul canno be no n an hence is no a ailable.
Fo e a e le be he eco . he gies a
logical ec o 0o hesa esieas ih alue i an onlyi heco es on ing
ele en in is

Fo e a le,

ceaes (0 eceaes)an obec hich ill con ain he non issing al
ues o ,in hesa eo e. oe ha as has issing alues,
is sho e han

n nie aluesae e esene as an is 0o alues ha aeecei
he luso inusin niy.

he ac ual e sion 5. o 0 aesi easy o ea aa o 1 ually
any sou ce. sco  chensi ei o e o ca abiliies (li ¢ he unc ions ,
, , ) eeyou o sening i e oing aa

o sou ce o sou ce, allo ing you o ocus on you analysis. oucan ieclyi o

an e o aain he ollo ing o asan a abases: acle, ybase, no i, A ,
P ,Ecl, D C aabases, e (A C ) les;, ua oPo, Lous 12 , ase,
Fo a e AC , ysa, aa, auss,an Ma Lab.
u, uno una ely, his unc ions oes no e is o esion 4 o
ee ea es using esion 5. o o he Plusb o se s

we an oCha e 100 he esen anusci . oe ha hile is he



eco ene eho o eaing aa lesino , heeaese e alo he unc ions

ha youcanuse o ea A C aaino . hese unc ions a e co  only use

by o he wunc ions in an aealeay a o 4,801 isagoo i ea

een o 5. uses o a iliaie ih he . n e sion 4 o , he
inci al ools o i o inge o ing aaae he ollo ing unc ions: , ,

) ) 3 Y 3 an
Co an scanbesoe inane enal lean e ecue using he unc ion. Fo
ea le i aseieso ins ucions eesoe ona le hey oul

be cause o un by heco an

he unc ion ea sina lean ceaesa aa a e Daa a esin

ee esigne o ese ble ables. hey wus ha ea ecangula a ange en o
alues an y ically ha e o an colu nlabels. Daa a esaise e uen lyin esigne
e ei ensan o he siuaions. youhaea e le ih aaa ange in he o
o a able, youcan ea i ino using he unc ion. Fo e a e,
consi e he aa le

All el saese aae bys acesan he s lineisahea e line. oceaea aa a e
o his aa le, use as ollo s:



he unc ion, hichcan ea o e he sana inu o o a le isco
only use o ea aa o eyboa inu. y eaul, e ecsnu eic aa
se aae by hies ace, al hough heeaeo ions ih ha le yous eciy he
y eo aabeing ea an hese aao. henusing o ea aa les,iishel ul
o hin o eachlineo he aa leasa eco ,0 case, ihin ii ual obse a ions as
el s. Fo ea le, he ollo inge essionceaesa a i na e o a

aa les eci e by he use:

Hee he aa leisassu e ohae6Gcolu nso nu eic aa he a 1 con ains
anu be o obse aions o each o hese en aiables. o ea ina le o chaace
a a, use ih he agu en:

he agu en o can also be use o0 ea in aa leso ie ye o
e a le, a lecon aining bo h nu eic an chaace aa,asin he ollo ing sa le
le,

n hiscase,you o i ealis as he alue o , 1heachlis co onen co es on

ing oa a icula el
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