Multivariate Data, Random Vector and Random
Sample

Multivariate Data

Display n measurements on &k variables:

variable 1 variable 2 -.- variablej --- wvariable k
item 1: T11 T12 T T1j Tt T1k
item 2: T21 T22 tee L2j e Lok
item i: Ti1 T2 cee T4 T Tik
item n: Tn1 Tno e Tnj S Tk

Matrix representation:
Tl T2 vt X1y ottt Tk
To1r T2z -+ Toj - Tog
X — : : : : : :
L1 Tiz ot Tigo ottt Tik
Tn1 Tp2 Tnj Tk

Sample mean:

Sample variance and covariance:
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=1
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sji ==y (xij — T;)(xi — T1)
=1

where j =1,2,...,kand [l =1,2,...,k.

Sample correlation coefficients:



’I”jl =
v/ Sijv/Su
Basic descriptive statistics:
sample means
1
_ Ty
T = )
Ty
Sample variance-covariance matrix:
S11 S12 t° Sik
S21 S22 - Sok
Sp = : ) :
Skt Sk2 ccc Skk
Sample correlation coefficient matrix:
1 7 o0 T
rop 1 - Ty
R = )
TRl Te2 -1

Random vector

X' = (X1, X, -, X,) follows the distribution f(zi,zs,...,2,)

Mean u; = E(X;), variance 0? = oy = E(X; — u;)?

Covariance: oj; = cov(X;, X;) = E(X; — p;)(X; — )
; sonts n. — — 9il

correlation coefficient: p;; = m

Population mean:

H1
H2

=
Il

Hp



Population variance-covariance matrix:

011 012 - O1p
— - 021 O22 -+ Oy
_ r_
S=EX-p)X-p)=| .
Op1 Op2 =" Opp
Population correlation coefficient matrix:
]_ piz PR plp
_ | Pz Tt P2
pP=1 ... .. ... L
Ppr Pp2 " Pop
Linear combinations of random vectors:
gl Ci1 Ci2 -+ Cip § 1
- 2 Co1 Ca2 -+ Cgp 2 -
Z = ) = ] =CX
Zy Cq1 Cq2 Cap Xp

Random Sample

X X - Xy X

LR AR

X Xa o X ) i
If the row vectors, )?{, )?é, ey )_('7’1 represent independent observations from a common joint
distribution with density function f(z) = f(z1,22,...,p), then X! XL X';L is said

to form an independent and identically distributed (iid) random sample for f(z). Mean,
variance-covariance matrix and correlation-coefficient matrix can be defined for a random

sample. The formulae are similar to those for multivariate data introduced earlier except



that lowercase letters x;; need be changed to uppercase letters.

Theorem: Let X, Xs,..., X,, be a random sample from a joint distribution that has mean

vector fi and variance-covariance matrix 3. Then

E(X)=§@
Cov(X) = %E
E(Sn)=";12

Generalized sample variance = | S |



