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Dr,-{o4)  E(Ia) = P(A)

Noore o gode di ol . comne maedia campionatue € ephes iw Slessa unill I e
dellle  spevifczionms:
.6:“’\—)“\ 8(X)=Y § X
1x4, . 2o}

P(x=x)

E(ga) = 3 g(x)- P(x=x.)
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%(X) = O.;(-}‘: a.,l-; E lk V.o~ x Y: aX&l:
E(Y) = €(g0)= B(exsh) = S;(axatb) Plxexs)= S (a%sPXexs)+ bP(X=x4))

g )
= afBs % MR xfebSs P(x=xs)| = aBl+h  \elore Jeso gode el prpil
= €(x) =4 di Gmeandte:
azo — B(R)=b
b=o s E(ax)= a£(x)
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E(w)=0
E(Y)- ¢ E(z)=p
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Quek si disosle 8 walore dlleso’ Possiamo caleoline O sail! ()= [x-EG)  E(Ix-£6)
W onammny déllo melle sTadisTica

e dmndlive ke modils poik proble:

E((x -€67)  vAmAwes delle v X

ven (x) = E((x-/,.)‘)
meliam  — = E(x*-qux +/,:)
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= E(xY) -/u."
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vort (Ta) = (L) - B(Ta)" = B(Ta) -€(1a) = E(Ta)(4-E(TN) = P(A)- P(R)



Cosa. sUwede 5= pnove o Thasformwarne Lmenrmenk Q. Laidanzal

x — ax+b P EloX+b) = af(M+b
Ven. (aX3b)= E (eXsb - E(eXsb))')
i ! Yo~ e((y-e0))
= E(@X+5 - aE() b))
= E(a.‘fx-E(x))‘)
= ‘-E((x~E(x))1) = o Vo (X) b somponso , € morwele pune melle varianZa.
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Nordenzn welle veruab, aledonie  do & Slesso problema de dova v FJislia  desvullliva , anevame porio  IWhoddllo
Jeviazione Slardand

DEVIAZIONG STANMARD & oN v.A X q:\l\lm(x)

T oQosmn condesTi comwiene Taguomare m Townae Ji copie di variob!®) ofectorie

&Z CDPPIQ. X‘Y
Dobbions eSlederne comcdlli di fuma, di ripodiziome e fuw. di wesse. di phobabiile”
l weese2
Fuveione di npoligiome comgiunda : Fiy (xy) = P(X< x!Ys/o) /usmeuzzme HARGINALE

Lim Bx,5) = Lo P(X<x,Yeg)= P(Xex) = Fr(x)
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% Py (X, y)) = Px (%)  mak@ALe

Analogo fissemdd e specfieaz. di Y



Tadipemders. eslso o due upwabils ofeToric

XeY somo indipendesds 3¢ e sobo se VAB e R
Xe A Ye B
posse calleolore Wlerse. e quesli due edeids
¢ cllclarme Qo probebiile”

P(XeR,YeB) = P(XeAn)-P(Ye®)

EquiveRe o: Nob e R Fyy(ab) = Fala)Fy (L)
Ne,be R peyle,b)= pyle) -py(b)

DimoSliivews 1 P(Xe A YeR) = P(XeA)-P(Ye B) =D pyy(s,b) = Pxla): py(b)

A:{a—ir R= {l:’] bosTe. p\w»)m i S’WQJX

Px.y(eb)= px(e)-py(b) => YAR P(xeA YeR)= P(xeR)- P(YeBR)

Plren ver)= 25, pus (o0 TR, GO ) AT, P

&& Py (b)

Gc«mu.l»lzzum o piv di due vem. oleJareie

Xt,Xe, ..., Xm
FX‘,.“,x,.( %a, .. %m) = P(Xagxe, ) X g xm)
Pxa,ysnl Kt ¥n) = P(Xezxa, e, Xn=xn)
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Sols se u ]

Pty X () = T P ()

P(xel\) :

P(YeB)




Vowabile oledonin mmullivewolo: velbre ofeslotuis

oOfra aPz}oM
Tulrodunre Tode Vaniabl, aleiborie diverse quesle sowo | yalons (m ver. aleoric)

Cosa.  stccede ol velore Jeso q'w.nio obbiowmo 2 o piv verziabils qua]ohe?

Es: clello volore aTkse i wea fumz. di piv veredabil: afeTonis
va X+ fueime g:R — R E(X)= Sxop(x=n:)  E(g(X)= 3g0xs) P(X )
Supposiame ohe di ewere:
va X, Y + fanziome §iR =R E(§Y) = gi#(xms) P(X =i, Y=15)
Es: fx,y) = x+y E{xw)=i:§7 jg.; (xa 4 9;) P(X=xa, ¥ =5 )

= gé\@l’()(gx;"len) + §. g P(X:W,Yly,’)
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3 x| S uils )
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E(x+¥)=E(X) +E (v) = E(x) E(y)
!
bo Uimearele okl velore ofeso s; .sp/'mf< ollre
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G somo deBle jfes! de man abbiomo dello 3 X eY pen remdere i posstbile
) AN ven. aleforie  disunle
2) Supordo & Xe Y sore il
Quest. cosa.  possiome eSfendens of velore olfeso del sowwm di 34, . Vel oledinie
E(x+y+2) = B((x+Y)+2) = E(X+Y)+£(2) = E()+E(Y) +E(2)

Nelore Jleso de@e sommma. di M yar olledine € sSomamaa anQ«'mepm: lesi

Es: velome llese delle | sommme Jei wimBIT: i Joe dasls srome Trweeald]:= X

A
E(x) - Eé AP(X=i) = ...

X=Xaer X[ 7EMX)=E(Xi+xe) =€ (Xy) + E(X2) = Z+ i;.: Ed
Xu,Xv:= eslfo di wa dado
BIMJ-




Es: & somo am Ullere dmw%,oxu/ﬂzﬂw assowade oo ume busta.
3¢ casbro e Hunne Lellere wenpone wsisiboioTe , prob. Je Qelere Soro in- buile corrall.?

m feflere + m busTe (n.cwpplgc o caso) eiu&Phan.b'ﬂdm'
\/7
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Visd,om X" —fo Wi mnends
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perdie ? Facemdo g‘X.: se Tulle giuste Jep? ~

Ex)=! BOG) < Plxa=d) = L

Es2: cawpro 4o comfleRiom
20 buoa diiersi (4 pen Co~q~<2iom)

Velore dlleso di X= #bvomn o ivens/

1 se o alnamo um buome ieSinmo
Vin,..,2 Xi= 1
0 alfrimmels

o 20
E( %Xx) = A%’E(m)
E(%:)= P(Xa=1) = P(olmmer um mp&m el buono i-esim..)

hu.a»ow i Tovwmim d) evedo COWQMJW
1- P(IM messune.  Jdele 4o cm«vaz appare i2 buomo '-eamu)
4- P(ﬂu&ﬂh Wllow ‘ Non CﬂwfaN L buoro 4,)
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4- ;li(d-?(mm condleione § compare 1L buoro a'.)

ca-T(-4) = a-F A= 4o (2)'s BO)

J= j=e

B(Ex)= § Blx)= 201~ (1)) = 8025

NoTo. 50 voQore dlfeso: weginiomo dafe wia va X, o wlen coleolone £ velore Jleso di uma codh
TMJ:’TG:
E((X c)) E(X/;fwﬁfﬁzw Jiversemerle - E(X)
E«&m-c)) B(x-p)'r 2(xp)ec) s (unc)') < Elxep) ¢ 200X 4 ()
VARANZA X Ex)-p=0
E((X-cl) = Nore(X) 4 (p-c)" = Nen(X)
cosi volbil fa /auola-c Mu.'—‘,’;jiva

bonde. o) Tale ,(Ilru»ﬂolu se cip sons’ povi olle Var(X) — memwwiwlzzo erigre ol o
@

Slo taleclumdo whone oleso dell’ ovide de o focemdo

qpﬂoslmzloht



E(x”+ X) = E(X) 4 €(X) = 2E(X)

e(zx) = 2E(0)
Va LQqu oQ 1&4)!13:

T\
Se ragiomo im Termma della \b;v.(X+x)? Vore (X+X) = Vere (2X) = 4 Van (X)

Vu/x\;'i«r«ﬁx(x)

Talnodvciomo wa imdice , covARIANEA Tha X e Y Va XeY pox=E(x)  puy=E(Y)

T~

v (X,Y) = E([X-/Ax](‘(-j»;)) vedere Temdemzialilal dl due vor. ofecdotue

. imdice  Siimmaliuce
o eov (X,Y) = BXY -pcY - py X + prapay )
= 8(XY) - ps B(Y) - iy &A8) + pouhy = E(XY) - EMELY)
Prfiy prpx
ooV (X,Y)
. v (oX,Y) = B(axY) - B(eNE(Y) = aE(XY) - aROIE(Y) = a(E(xY) -E(XE(Y))
Y

wov (oX,Y) = acov (X, Y)

LoV (X+Y,2)= E((x4Y)2) - B(x+Y) E(2)
= E(xz +Y2) - (€00 +E(Y)) E(2)
- [Etxal]s kovz) - ewer)} emece)
= wu(x,2) + wv(Y,2)

Brcle quesl st pus eSfemdore o pic wendebill
cov(:%s, §Y;) = i cov (he, 5Y;)
= Sicov (55, %)

= 3:5(Y5.%0) = T & oov(X4,Y;)

. cov (X, X) : E((x-pa) (X -px)) = E((X-ps)) = Vore (%)
= B(x-X)-E(X-E(0) = &(x) - Ex) = Var(X)

Non (X 3Y) = E((X*Y)‘) - E(x+Y)"
Per Gping Ceda sccede o Torwma dile o coveswarza Tre due v

Vo (X+Y) = E((x+¥)) - E(x+Y)
E(X+2xy+Y!) - (x) + e{v)]‘
E(x) +2E000) +£(¥*) - E(x)- 2E()E(V) - E(Y)*
E(x) - €(x)" 4 £0Y") - £(Y)' + 2 (E(x) - E(RE(Y)) @ se XeY fswro vpull
Vo (X) + Vare (Y) t 2 cov (X.Y)
Vos (X)
Var (X,%) = Nan (X) + Va(X) +2cov (ic,x) = Vor (X) +Ver (X) + 2Von (X) = 4 Ve (X)
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Come. cslerido (0o, | Ver Jalle | somwna.| o | yordiabill ofeote qusnd e me some piv of 27

Vo (£ %) = 5 Van (%2) ¢ 25 cou(Xe, X))
A4 =49 Arj

e svesede = Do von oledorie fe o somwmarnds somo mdiperdendi!

Teokemme: Se due va  sawme l“lpmJea;L: =>  E(xY) = E(x)- E(Y)

Dim: E(XY)= gz Xy P(Rexe Y=y
! pee . di mdiperdes@a.

=35 xa-yye PX=ws)-PlY=y;)
“l JQPI'Q. M‘BM xpmb‘&

= 2 Xi P[X=x:) %7 P(Y=y;)

Suppomgo da Qe Sommalorie Camnvergor~
= E(x) " E(Y)

Conollarw : . Se X, Y indipendends => cov(x,Y) = £(xY)-E(x)E(Y)=EO(/)Eﬁ)-e(>Qe’ﬁ) = g

« Xayo, Xo indipendeiln = Vm(ﬁx;) = ZVen(Xs) + ‘?,:j cov (X2, %))
Azd A4S
o pen coteWernio pM&eJe»je

Es: Von delle somwma di 40 lames indiperderdd di wn dedo bilamcich
Xi = esifo di wn dedo bilancids i=4,.. 40

o 4o Ao
Vm(iX;) = 2 Ven(Xi) = & 35 - 40.35 - 475
a=d S=e L=1 A2 17 6

Es2: #7s de 5 wefluwn lrmciondo 40 Vol puonile. billameidl

1 preb. Y2

Asexe T’  Ta ,i B(Ta) =P(A)= 4 Nan(Tn)=P(a)-PA)= 4. 4= 4

o b

Vm(é’ Ia) = g,Vm(In) 2 4o. % = %

a1

Vediame se la Tendemmiolil: Jelle camrdonza s wodhe pame com ven. aldodore

Es: X<Isa Y=Ta ABe o0 E(x)e<!
{ Se cov =0 in/cu/M«)

E(x)=P(x=4) £(Y)=P(Y=4)

o T smenla
XY = { E(xY) < B(XY=4)

1 se AeB s vosfeumn

v(X,Y) = E(XY) - ECX)E(Y) Sapere e Y fo ossunh ume coe  spefdetions , m
= P(XY=4) - P(X=4)P(y=4) «fose shh M < 2 Y asmmme e de dipte pii probebile  Je X oblte esswdh 7v¢ﬂ
= P(x=1,¥<1) - P(X=1)P(Y=14) ards wlihs ¢ mans prob e X valors

b arsima P(’“,‘I”") e relegiome dirdla

Ipc?f?!&'w«a di sapere i1/ sogwo deds cou(XN)>0 — P(x=4,Y=4)> P(X=4)P(Y=4) — P(x=4 Y=4) > Plx = 1) The spec:ficazions  cle

:»khrc! < L. A P fosSomo  asMMEY Qe war.

comdiZ2romda,



C'e we problemme , cosa syuede wlel co\l(ZX,ZV)?

St Xe VY s i relagiome , 18 pllo o nJJol)pn;.n&: wm cambie & reliziome
b frss fe c¢ in ouesle Nelogioe deve essene b Sksse

Nor Wi essere Miswh da cov , wsladi posso polanle fuoni oV (2X,2Y) = 4 cou(x,Y)

Slessa problenadlice el Slolislica desoliia , anevawo wlnodollo  coeff. o Correla giome

p= cov(X,Y) OEFE. O Ve (2%) = 4\erz(X)
i e i T = '\]va.(l)()= Z,\l\lm.(x) = 20y
Poay cov (2%, 2Y) - A cou(X,Y)
2X,ZY o’b& ooy l"x oy
imdipemdede  dolle zaledure , ciflume O forcgs. d. relaziome Fe
-1sps4 e Tre Qe due wowabile ofedtorue

Vorabile ofeadoris  condimve  (bammn supporde auZ‘mm)

Fouziome di rpoliziome & wniversdle , L oS usane pelt desvurere  vordebilh Ledlivie  climve
Fuvz. & massa. di prob.  _, vele solo per ver. ofedlerie disndle

sosliTuclo. dallla. szmr' di_demsila” Ji phobebi@ifa:

pxlk—’lp: 1vAMJo Vﬂﬁe-b uleolere Lo Pf'.al: Xeb
Ix

YR <R P(Xe&)=8/ﬂx(x).'x Ple X <b)
b
P(a ¢ Xsl:):]fx{x)Jx %
) N . z2| >y (Specfpeaz. dell ven, Leoris)
PloocX<b) = 1 =
P(X=a)= P(msXsu)=}]x(x)Jx =0 (ROB cHe WOA ALOATONA CONTINUA ASSUIMA VALOIE FISo € g
¢ o)
Es. «-%sXscu% et i \@/
a.i»% Jcco»Jte. At contimah i f T
P(a-%sxsm+%)=fo{X)Jx z&{(o.) A
a-§&

Quimdi wse o die fa fusniome Ji dasilh? M do wn'indicazione di T'“’J" sia. vehosimile e O mie uwdtlob, oledoria
assume  Speuficetions i wn piccols Wlotwne i o

Cosa succede se cleolo -j fx (¥ dx 2 J
Jutin = PO =R(e) o

4o
S = Jpod =Plxe R) = 4 it ) & el
\v /8 Jwavo ﬂWo /M.g.
pwm:do.’ dle deve semapne soJJl:’aM wn funzions  do R in < 23 o kensiles Teon. rud, el
essthe Uina  fumzione di denstl di probalbi@Te ! 1ndegnlle

se d B



c(ax-2¢') se o<x <l
Es: vio codimun X fx (x) = - C(4X-ZX")I(O‘Q(X)

° LThei renlde

4)&(&.}1\&& c?
2) Quude vele P(X >4)

1) -j:?x(X)Jx = f‘c(/:x _2xt) Ix = 4 chx’ il cﬁx 'r',/zle i Q[w]: 25 l,,’ ‘

o

~

3
=344 _28 _ 4 g] 3[g. 46 _ h, 2] 3[ 48-32-4244
‘[_Z 3 _2*328[8 3 %*3]33[ < J

-
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A podle queste cose ditense € reslo vele Tullo , imJipenempa et
4o

E() =) xf,(x)dx

Cosa svsede se prove a grficre  fune. Jdi_rippsdivions di wma uar. aledlondin

. mopmsloma Mo deve stende

. condiname do dx
.’Tthc.a.'f'mehsch'(ttwha.o-

Una funnz. di nipadiz. i wre R

v.e CoNTINUA €& ConTINVA PN

Norwob. alledotie @2 Mo oSSumomo maes s‘xd‘dug&bw Mtzf\!t X =0

o ;X
di P‘ankav Fxl
Xa-P(XUl)(_—‘ T 1

Teoreme: se X220 VYaso P(x=e) ¢ E(_X) + xa Plrex) o—n0o
& + X-P[X=X¢) e— ]

Dimn: X via todivma = E(X) ° X X X1 >x

You &] t oo +0o + co +do
E(x) :!xlx(x)h Qm x-l»/xfx(x)clx z}xf*(x)k z/.;“(x)Jx = m}[’x(x)Jx = o P(x2a) E(x) 2 aP(X2e)
0 ) ¢P()(>,¢.) _e_(x_? > (’(Xa;)

T@Mt se X=o0 Ya>o P(in_)s &_20

Di’. X \.o. JlSU‘L:ra.

E(X): SDX%P() :xglexl)ﬁ) +gﬂxyx(>() > xé‘xfx(x) > %‘mﬂx (x) = stz-aﬂx{x) = a.P()(?a.) e(x) = &P(X}Q_)

ze Dy

@ P(Xza)

Plx<a)=4-P(X2a) > 1- 6%‘7



Di:vg(u?& ounta di  TchebysRev

Teorema: va X, B(x)=m , Var(x):o?

Yroo  P(IX-plmte) ¢ &
| |
Quel ¢ G prob. Re Lo win Vo
assuwa Speuficaz. ha b wne disfarge p'wL- i de eend de si wmv‘fa‘\'waa e ugwﬁg
hispelo of valomz Jleso >
vale pllaz. wwerse pernde obbisms ol m>o
Diin: [X-p|2r e (X-p)2rt

Pere Masdeov .
e s 27
POR-plzw) = P((X-pfart) = P(Yant) « BO) . EX-pV) | Ver()
A r? rt et
/
Tl rodvciame wne va Yoz (X-p) — valgons ipolesi disvg. dI Warkov pere Lei
G pthmc,'ﬂow Ji Polu volifaz. ouwde e velocd ngi due Teo.
Cs. X= #pezai prodolle im g
E(X):&)zl),
P(Xz5) ¢ B0 - S0 . 2 ¢ wfrweive o'l UTile pen dine 0 Qe cooe vessmo ol
¥s  ¥s 3
Moo se sopessi mom sl de B)=S0 e onle Lo n(X)=2 P(lx'ﬂ'|>'40) 2 _ 4
l J00 &

P(40< % < 60) s P(-20< X-p < 40) = F‘(IX-;»«-|<40) = 4- F(lx-;»lalo)a 4-1}‘.=f Se pnob. olfe  or.

b sillnddb mecmmbro Si Im _’A’ag pesse pﬂv—l"‘
o tembr, velone dles. 40 e o (ciu
Slianmo 3’!44%-’0
* G onob. & STone olne
I’(lX-»IzT) <= = ko PIX-p)2 ko) & Ti’- 4,:,3,..., b
{ Tt 4
k’ ‘l‘f‘ kl

dev. Slnd. € wma sorde JI Wil df
motsuna per wlilone  Jispersione — qwﬂe dev. Tandarsl devo colaie fe)z7

l

P(lx-,ulfka') Do asseNesmno W" “W" pnhﬂa.vw»
di oppox  empiniea

Mj& s idelifieme il I egonimerds

rupphgschru’ waa d1STrabuz jone W purlfo:ac? €s. ¢ I Tthe Gareis d dedo bilantiddo , il , o Tlrnedho bilomecd,?

l

L= No T espercmn. dew spagio di phob. o epJencbabile
Une sorde o ‘{wal de MN%

Tall ge». e.spcmuw.ﬂd W wn o bo umo Distrebuzions PW’B&A&ZE rw'spc.'/la o cypeuim, I
Spazio  epiphrobabile — wn el Tpe

poRamelno : mumn. eIl



Mode@l dI Berwond

desunivoms epordinedi de Qommo so dve oSl @ successe e FALLIMENTO

Come si modelle ! svccasso 4 X e @ Mm7 B(p) —wndia de lo vo Le o 5h Shdiado
PALLIMENTO © Dxe{o,A'] l & dshubile. secomdo v poddls di
X~B(p) Bermoully di poran-ilho p
X va nisReta e el p= P(SUccesso)
Pl = P(X=x)={p x4
FuNg. © Massa o ollrimeandi p

D1 PRoB

V]
E()=p B0 TxiP(Xew) < o BhCe) + 4b(X=1)
s mimisale = pA (4 g o )
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