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replacement from the population of all n students { 0.,a,-, . }
(labeled as 1, 2, ..., n, respectively) in our class. B2 K

“3:2-&» Q = {all combinations} = {{i,, ...,wiki: 1<4,<-<g, <n}
A probability measure P can be defined on Q, e.g., when there

N,F.P

iseasugh | 1S an equally likely chance of being chosen for each students,
for discussi define (o3-7

the prob,~ : : _1/( n "—;n:ﬂ(':s mmetfic
A BE all p(w) P({i1,...,ik}) 1/( " ) Lzl Ouvtcomes)

» For an outcome WeQ), the experimenter may be more
interested in some quantitative attributes of w, rather than the

w itself, e.g.,
» The average weight of the k£ sampled students

» The maximum of their midterm scores urn problem
(in.‘l- -5)

» The number of male students in the sample
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» (): What mathematical structure would be useful to - the outzo
characterize the randonfquantitative attributes of w’s?@ i$ fsdom

U= distance Oﬁzﬂm
digitize the world rg?gln or easy to define | Jx
In some cases, || (Q, F. p)‘ 'lf— o Eion [ b

Sci i ¥
this might be Duta Seience] _ a new
difficult to @‘ SPAge
observe or
characterize
moy not have a —
(norm) distance ([ ) = € Ly, -+, Ui} . ®J
deftnition btw -
2 outcones Wi Bwa) fcan do unerical caloations on s outcomes] (R . Fx . R

* Definition: A random variable X is a (measurable) function which

maps the sample space Q to the real numbers R, i.e.,

Wo <{affer —
R 5 X(wo)e— m’"g‘:’% | X(w)= X : Q) — R —new somple space

» The P defined on Q would be transformed into a
probability measure defined on R through the mapping X

. thewofﬁiswzn—’ﬂl

= but the map X is deterministu
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@ » Example (Coin Tossing): Toss a fair coin 3 times, and let "o
» X, = the total number of heads 2 main aspects of X:
— * the (random) value of X

prop———e X, = the number of heads on the first toss | «distribution of X
on the

oubcomes X; = the number of heads minus the number of tails [\T
L - 9..¥inal outcome distribution
:Icf. ~n Q={hhh, hht, hth,|th htt tht, tth, ttt/} Fixed
cakulations ,eg.

% % % % % Vg < D(iw})
Xi-X3 = Xi(w)- Xaw) l l l i i féi i

_ |
e X, 0 B0 2 2 )0 11, 0, ;-({"3)_3//8
“exp L L 1, o] 1, 0,0 o %(11) = %8
o 3, 1, 1, [1) -1, -1,-1, -3. | RLPD=3%
>, = ’ ’ ’ 9 ’ ’ ’ Px,({a})=y8
Lo@Q Why particularly interested in functions that map to “R”?

> Q: How to define the probability measure of X (i.e., PX) from P?

[ can do numerical

L?<

w><

P, defined

in u:ﬁ v:ay Ans: For a (measurable) set (i.e., an event) ACR,

isa

probatiliby|* Px (X € A) = P({w X( ) € A}).

|, SAwes | TEen s

The Py is often called the distribution of X. “',:," Pttty
(FBER%}—T e Spce

@ Ais p. 5-4
measurable | occurs o (& 7. P) A

»R
IEAej; — [, occurs Px
Px(A) = P(Ea) @, X Px(A) =77

dfscreiz sample
[comtinuous rvlrEfi FL —Discrete Random Varlables Spacel(LNp3-b)
* Definition: For a random variable (r.v.) X, let W'MWS
new

_ sample space [ :discrete or continuous |
zm*&{ = {X(w) 1w e}, sample space 3¢ : disuute.

e the range of X. Then, X is called discrete if X is a finite or

countably infinite set, i.e., X ¥X= i{w 2,33cR
All pogible. Xa x={o.13cR
vala.?:saof X:{xl,...,xn} OI‘X:{QZ’l,SUQ,. } ={-3-||33€(R

» Example. The X, X,, X5 in the Coin Tossing example.

» Example. The number of coin tosses (X) until 1% head appears.
T xafias- 3= 2ieR
* The sample space of a r.v. is the real line R. Q: For R, are there

some particular ways to define a probability measure (p.m.) on it?

[cf., for general sample space Q, a p.m. is defined on all (or any
measurable) subsets of Q]  prob.space: (N, , P)
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