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Motivation Convenient Sqmbo| for random vavables and random vectors

Wwhich tonverge in probapilityto 2evo or ave Stochastically bounded -

DEF | NouStochadic Oraers

For wonstoonastic. Sequene Xn and an

x
@ (smvail-oh) An=o0(an) If 7"“ >0 a$§ N> x

@ (big-oh) %u= Olan) f 3 finite ccalars (M,NM) S-t'V"?NM,lZ_Zl<M~

Important speual Case arise an= (1,..... 1), then
@ Kn = O(.’.I.) { %n—=0 as ha—>D .
@ % =0a> f MaShP X< de

DEF| Stocnastic Ovders

For W seanene Xn awd wg@/%sge Sequente Qn,
: X
® (Small Ohp) An =op(an) If 7',“ £ 0.

Q) (bigq oh-p) %= Op(an) ¥ V¥e>0, I Mg, Ng,, St
P(1% | >mg) s€, ¥naNem

Aqmn, onsiolerr Spenal case Qqe= é.’L,-.~ 17] .

@'Xn'—'OPCI) i 'XV\"E')O



@ % =Ope> If VE>0, 3 constant Mg Sit. z@g\vggv P(I%n|>Mg) s €.

Note: T Xn IS stochastically bounded, this doesa't imply a determinicli
upper bound on Xn , even for large n.
What iS neans (5 Xn can't take arbitrarily high vaives with
non-\Vanishing probabihty .

Notes Op (1) IS & weaker notion thamnm op(i) , in T SenSe that

Xn=0p(l> =) ¥Yn= OPC\B , not the reverle.

« A Ttypical” instany of xn= 0Op(l) IS that Xnﬂ» 2, where 2 (s Somae
Known romdom vaunabie -
€% ITf wn IS A studentized test Statistic, et 2~ W (o0il).
= very large valwes of Z Qve possibie but Lery uniikely .
« Ancther [mportant use of fie term (s N~ tonsiStent ™.
~ An estimation ervor (8 - ©.) iS Said 10 be of Stochastic ovaer
NIt G-e =0 (0% = W(g-6)=0:0).
« By Unebyshev (nequality, we can show (6- G.) = OP C(N\SE(é) )
ook Tor eaon €20, pick Mg = (é>\lz~
By cubysiey Inequauty :

P(l?_—?:) >Mg> :P<'é—90|>m)/\/\i>
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Algeoran of stochaskic Orders
®© I‘F xn=0pan) . Mn= Oe (bn) , than




. XV\Yy\ = OP(anbn)
o Xnt\n = Op ( max{an.bahy)

@ Replac. O with o everywnere in @, stili holds

@ I{: Xn= Op (an) , \u=0p(bn), then XnTu = DF(GMbn)
@ I{j K = Op(ﬂn), and G4

b >0, then Xn=0p(bn)

op( +0opL) = 0Opl)

op(> + Opar = Opli)

Oty + Opcd = 0pW1)
OpUdOP(Ld = D0PU)
oPc\)Opu) = opWl)
Optv> 0pd = Opan)

8 Let {X;...X,} and {Vy...Y,} be mutually independent sequences of iid random variables,
such that E(X;) =0, var(X;) = 1, E(Y;) =3, var(¥;) =2. Let X = 137 X, Y =157
XY =15 X.Y;. Find the orders in probability (the sharpest results possible) of:

(@) Sine ECxid=0 oo, iic by wen, ¥ 5 E[xi)=o
S X = opQl)

Gonverg)en L
To find the Sharpest stochastic tvcer , waut to find the rate & A

%-0 =% =0p (Jme @))
= Op (Jébms(\l))z+ var (%) )
—_—— —

=0 bic %
IS Lnbjased

2
OF( ‘('o_%‘ ) ot is a finik consStant

z ]
= 0e( &) = 0e(E)

A
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= %X = O (&)

by Y  E(vil=3 ,var(yri)=2.
By wueN, 7 SE(y] =3 %o
= Y =0p(
o equivalently T 82 = vY=3+0p)

= Op(d + op1)
N—— ~—
bouded —0

= Op(l)

) (x)°
From () , X =0e(FE)
(x) =% X =0(T 3)=0p (%)
’Tbtd G algebra

@ (2)
From (b) , Y = Op)
(9 = ¥ 9 ¥ =Gli-i-1)= 0pl1)
e) XY 6 3

Sin Xi, i mutually independenrt, E[XY] = E/Glff‘r\] =0
vowr (x%) = E[ (x)?*] - CEL;X’Y])Z
= E[x‘ 'l )
W\: elwlely®]
= (var(x) +(Em)‘> ( vac(y) + (EC&J)Z> <o
By chebysinev inequality ,
- E(xvl = 0p(F)

> ;_Y = OP(ﬁ)



(€£) X+2
Toom () , %= OP(\J—I:H)
Ytz= Op(F) + Opt) = OP(’V‘”“’*\(J‘:J&) =0p(1) .



