[16TH 3539,
HCM-SL’#S/TLS

H
e
@
h
-




.....

Matl. 352 ¢ Hew- Shlshes /

II’\T”OO‘MC hm\ :

m M ainm ?awp O‘F S"tafl‘Pfckr 5 '
meKe -'-vfzrwce, (an eolu cal ol y““’-‘) aboul o lselau«[-f
b feod ST — g*am/,le Jrch p“‘“‘m ﬂw\)‘ Ioj)w’of-'rn-

Ekm/(w :

¢ Sed 90;“%:7 44;@& ﬁw% F‘?'{" worh
Mfﬁeiw o[ff’uslq &‘v"c ()ro;" o).;gf‘ #mr

{ “ 1 O o~ 7. - It
Aiseas: ) based S"m/ah offuzrk w‘(]‘(('.wr‘
. S? '%"”"/%7 abeut e Fuforﬁ‘m 'f Camecliens Iiat e 'Qw.—

,,—f Calo"/ev? Fau‘yfmt, Lo tiid i S‘Au.‘,/* of o Cradk ans.

S’omr/-[‘

o Ty Semefliy obot M pludidly of cocton aiccnfl Guppy
fage/ om (ests Carra‘e/eru/“ on a ?nm/ﬂfe af leo Suek (ﬁ-fem/'s

We need fééa Mova /w‘v.a'_r-e 47 Lv-ﬁw[‘ We huwg,, ‘a; Aﬁ:«jarm
Fiest e Shull srss a/’-rov[ahm- I reek Pirmbers (or Veelors)

S"&Coﬁo// (,J'&-bu e (ajk ’f p/eS’C'r.zl‘nJ a /;Tcl.ﬁn.’ wWe SlZaI o

Oleyof;é" /Ag oédln"é/ O{J'f/‘;éul‘,pp, Ii‘f &Loh 6#
v Ffaft gl ¢
SFe S faS’S’:'é/«. /;A/&« .s"{ el hﬂ/Veckyc)

M




® Reve are 2 main bramches of Shalishics
) Bapassabne o eremnle

(2)—> Noa - /)«raw)“rvc /pb‘s-fr.‘/-k"a'»- frce t'»‘flf%(g

_— Under (l), W< Lﬂ?lm é; &ﬂhmka l’tua)' = L)(/&V\}? le S-.% ‘Q°°"‘(¢/
peramatece Punady of olislriéi¥ioe. (eg- Flames from ~ rermd o
. or exlo GL'P/‘,or' R,:"S'fe.-,)
Wéﬂ/’k nKnoun is one Or Vheore quuh«.ehff el fo. Lo S
S]O{&/ZC ﬁé&ﬁf.éﬁ}»a‘\ 0}; /{\a. faij (""f- FNN(/’, 3) wag/q < Ui\kncuh
——)«'%f%(v_ aLm*‘/U
or F~ ”(/V, 0‘?‘) W‘a-év... /i.., VeJc)r (/U/ a-l) ¢3'¢bnl(uown _.".«f:uu«- “La“/’

| O o
or F~ Bumu[[}(/’) \J*&erc f’ i5 UM/(naum _ ‘\»f.uw(, calm"F)

sy “M'(Uf (7—), W 6/0 M S’ﬁl,—d“‘} éj ma/fu'/-o 347 aSSum f,m 'G.Lcm)\

P

Sre ofosty bulion F, e ifis net asswmed fe Mz«(j fe g ,>cha'CuJ;

fimdy

S’%f [e WU ‘(nu.m
qurowhy-

Our l'w;erwee. w be wh’«é Paramrn'c.




OY‘()‘{@Y gralﬁ"g'hfﬁ’ - \
B S 0 S i N e

B) Deftion 3 b theren ¢

Oro[tl’ St&(hk‘f[(ft [e/_ X4, s X:‘ l,¢ b 1 R alrwn .{)rcm Sem e ,,Lyfr,éu hw F.’

Y.z ru(X, .
’z=’:')""(24,-,8‘“J
o rhe ook shifishcs of (T, s Ae Semple Yo €3, < 55
® X: = A ol‘ﬂl&k S’fah‘ghc ~ Ywesz: Yo(w)= "“"‘(X.‘(W),,.,,Y,(w)}
M T T e (sl olions W F ot bty <,
(S }’i:ﬁu(.o) Xt- - Zpu —> &%7’4"9 w",‘ ‘Pfoz 0 L Some Vx, eTTD ry.
Maun theersn; x

LY X are I D ry.
e« [

X Conlimons Trp oy
)
s (34""’9”} = I n! - 6{9:.)

)" = m(x:l L Xﬂ}

tH @1 om PDF [’x 3

, B 4, Sissh,
© P %’ewh{é
Mole < A\tfie %5 ape clacly NOT T

g

/7/&,( V‘I‘S'f/"c. K{e riva ﬁm 4 Wﬁnom'o\j ﬁ‘ﬁS‘/’;._[A r'"h Selu

inJ{I»Wl"fr.Jc g eacluf whuch can resdf ,; cve ¢

»f K ros,c,'L/t ot r(c»ur.
. R‘ - PM (ouram (: a‘. ‘\'rr"a‘e) 2 Co’*i’fu/’?@r e‘.ll'/’ TI-J {
Dxf = #Of Tf;'.Jg r:egugh'y\j ‘4‘1 ”‘rct‘m C
® P(x.‘lgn",'ulxkthk): h‘ ‘Ph‘---P“R
3 B lcmt " K
Z"z =N 1 s i
A k— Zﬁ. = 1
=1
PR S - — > Ouidethe borgo il sn
% 7 E )/ wlo @nif biag
Y, Yedy, fo I,J/&,' 7 ’3"'[)& s L B ET eng )r) Triy,, g
Vv——\—'v—\f\o—-—\:v'w-—i\'- TNt e s i m b e -
5 8. By 8 3, B¢ Ben  Bens
Mol s eoch X: (qun bl vy one of Hhase Ling ¢ it
« Xp's in f/am/‘ = Oultomes £ X, ave c'v«.a(ef- = Ml linormunt 2 “p -
> X2/ "ﬂ‘ul"o"(w% Aesl pro& o,(’ ﬁzﬂzry I ézl.é/ e Consfanl V‘j
o 80F : PUYy-r80) = Ko f"P(y, €Lay 1o )i - v, €Ly, 4,494,.) )]
= A R it dat N
. hacly, - g, 5
"y Ayt [ Plox:an, 4xus Bo; OX: B3, 180 By OF; 1 Bamar ) |
ANa Ay Y 7
g w! s N e ~
P [m‘a feli) - (Rtsyda ) (Blsg-E15))2 . 12 )

" 44, d&z i Abﬂ
= v T Lty

T:f) ﬂvm,ah)-.-ﬁ

n! f‘\:ﬁ ly:) ) for Yoy, <-. &

o o/:'\c,w 15




G;vw ZA, "'/Xh 5 {?{up‘ rtU/a)‘;t- PDF d'{ )4,73/}{“_‘-;./1 4 ‘{4 >

1
« £ . £
- =

Fon, 55, 500 < P50 1% e Shnc) 2 2 fro
ﬂhﬂ" d?; dgla S e et e
B4 3. 3 '3‘( ?:; B¢

< ! By ) 8 ) LRl ~ RG] L1y ail. 3
ST E AL (w0} : O R A ) L e

1a

ri>ﬂ‘:«9;,m.wi‘.( ) BROIL )6, 1.) [R5 Rey,) )] [(Fltne) -3, )] [ - Rloa) 77 o Ye<Y3<Y,,

O ofhe rwig=
@ Ri; 2o < y{grﬂ/dfl'h’l n ’tL"Vh Trans 7/'&7\0\ tm Lrem e B r“}'t:f

:D[__.eﬂt Let i: (x’l/” X.) / }\,:z{);/ 8¢ ) : e e
Make o N-dim I‘ramgfo g x___))l g’(ﬁ')=g where 9.‘(" ‘34.'

Rl of Tis dnq [f 19’)-4’ (37 G),« 95 (5)) - ljj 3__451-(;7“)

3
(_,ge2_~.u/3§13mi"4-4mt{nﬁ/,t R L A‘,tfs”"ohf'« N}u‘ms' R(afk <}

36 B ﬂs‘n.‘ha,, a-f {
Se b de{_ ax‘ -)&(9’) e_Z‘{:'(?C(?))‘/Ie/
o 331 'GR(
R‘fa\‘n o Efﬂ}t g {(‘ = min (x, b : J J
o e f‘rws‘/ﬁa g, . mox b, ., x,) ic NOT 44 = Pnrml’é;\g/& x.:’s Keava (fae ‘15 s Gan s19Lo!

"34’ x¢,4
'04‘“ - el Re = /z'/”"’hwv&rfermuhfm A x: /s Such thal { "' c')m"'fm“gf” restiie ol foR

n =Yg ,n S A4~ 4 !

——)So < e
Tl oA f ( O/ ,ﬁ /Affarhwzr )wnmfc-x.m

o,
L (Lu:, G/JUn/OPrn“A}a(.m H /I(/ —~ &7 d—”fwfltah one 4 ¢ ablrie fesh s ©
~ Loy
. PG’SK’A“/.( "fors = #"f/’”f’f/e ferwwf‘uh’ f/& X's o=y = nl
;\.)a N y(g)-_‘;’é‘i(sa,,g) i ZT‘F'{‘J) i {V} /g)_ fnlﬂ-{‘(g) 94(5; - <Y,

\ f\ , OoFttvrwise .
5o 1y 9 :r::.D
Calion ¢

13" x2 0
Q {7. b are ITH eXF(P) . wirth POF. #X(x)={p0 I’)‘_<o

Find ffs fount POF o ), &yq :

1 4-4: o
= = A
4 HuﬁrmeW < :"/ — 4
2 2 " )’
Tron Gube)s T (B6)) (6 ) e =R l0)) - Rs)]
: 4"1 __IL
3 > (‘.u,s )= [C’ P A, Ya<dy
‘ o9y 900 { = Gush
4 :‘I;J‘ gh dvcrﬂneff\!rs’ D <Y, <Yy <3q
F ?* fj f" - C‘l"/" C-‘“/P C”"A’ 34<‘dl‘ =)§‘:..<‘1,,<3« ,,ﬁ’-[z;:
[ dy, &, e ___ . 5 s
6'7 (94’9.’) - L’. 97, y‘s F F 7 I ‘J; ((13 <j1,’ &

b o Acewdeore

5
R:U R€

Re/N Ry
foré’#c/




Strmple Heam - X

=
S evionce 2 g _ g(x‘ x)*

h

Ee‘fﬂ da‘ hf Lul‘ o

: ¥ . % o . =
frep 2 X, Xw TXD NS4 o) rvs X =/ Nfo) (v MEFL
_— 0'7{; Nele - €xact refal i { ot ’“"(
?rog :/ Xd,m, Xn IID f-\f- Wl"‘l mm / & V“V“Mc‘ J‘-—L'
¢ —/J = — ’ZNN(O,I) ag n ~» o ?) use LT ! ("”M}"""w"— A
57“;- e CDF Cn¥ersts o -:::.j'm-'Fé
OF vy Cow ,,,_'/. P ,,1.{5/..
i 5 X.QX ’
¢ XL 82 L Zalon) wnemw & U9 el nk e
S/fh‘ Sp= P §i"0.-e)}y,\‘ S/~ ;—
F x I/d 2""'- Pl1~p) B En ‘-gr——_/—f ia,."c,
L X T er () 2 &
! ¢ Bg i, X TID Berll) py. ¢« X =3 7. P
(a4 —_— ZL_' / " Nofa : X = # ¢f Cuccoss —o Bincme ;’:L'?fr.'l"
.E_. — D @Y el 2. a wth 2=P. o2 fplpay
o ——— 2 N(01) s n~oa S0l
JP("")/n =D Normek ;‘-M“f:l mel” = B U A LSI: 4
L - r D ) (@°) ":L‘ttfi(;', 2 P .2_; P - , Fm = : :-..o L’ = &
® A — 2(\/ N(o,') Qs n . . . P x; -P > ”
JF“"?)/” _’1‘—;’?—-—'- N
?ro s Y -2 V. X "'// i
«—ﬁ X"I "y Xn ITD N(,,, ) o S“/V‘ s éP —::3 I"~(§T;‘,‘;-*‘T t 7 2 = [ i
P’_‘gﬁ: Next Goehiom | ! Wit o degre 4 /
. e b 7 b A~ 2o A
4,-9 F 4 <

Studeut € destpln fion .

A

(4

(x) =
V mr‘( ;)

%’"Ntﬂc qLc'u\"
e Vot das o Canchy
¢ [~ ¢, l/“’nd’rkveav

wWhire X; s are _IID

te disfr.éaﬁm of funcdins of Mo cbservations Ko, ., X

-
+7‘ <

YxeR

Fere VY
bbb

momimt = Y los mmfnfonkr rey = BN

llSol{ '

. . )C ( ) Mus o A&Vien A }f o X L > iy [, A e—
XV OLSh‘lLMhm 2 ﬂ ( :} p S I-' X vv{ [ 8in e Mol : r'”“ﬁ’s
f{VL PRI T ¢ VX2 e o Gmbe e ’
Z = 2
(é)% V‘:(i e (&) = 4 e = g
@a-26)7e = n"‘"-(ai w-pe £

. ﬁ’z (x) is I\ﬁ? g}ih/'\irf“ﬁ Cllgd“v are l

(op s Xy, adkptdont X!

n

Z Xc' G X;"r

l‘: 4




, | X =, ¢
fuorowm < X, . K, TED N(pe?) rv: | T= e ©
Le wr |V~ XS . {1
mino. 4 - Lof v e, i yrg i £ =
Z ~ N(o1) AR r—,‘y 75 gl 1 SAUEAES
Pref 2 cee Bwa
b 2 . ST s
eMpeo 2 X4, Xn Trp NMO2) rv. 2 Hew 9—5)._. Xﬁ, who. T L
. LA SR, X Tl A %)* + E-
I N o o 3 e ~(Z2 )
hw. J\;V\%? <o ‘Z.( A-./J) Xnt = i '___X‘,; -/J)" = e - 2y + i‘-/u
= " SO T
=-x =T e =
=) 2% A~ Y (o5 T ""’70) Wa XX }""7 T
- ~~ 4
e S W=y aw o “mma 3D Tlert o YL WL
So My, (&)= M /H = M (O M 18) = 2t = Myl = ——
w b4 (A-Zt)% = " ) Gi= ‘lé}é 7 u-2t)
. X e —— - —@”/r{h’\_‘ 7’—
mma 3 = » i~ % 4
i 1,0, Xy TID N(p,e=2) rv. . rfen| X AL gz,%Cﬂ@aJeV}?% iﬁea‘\). %" ).
s (C,L;;,M e ik Nerme (Lq‘
__'£‘ tr‘la wrife ©F ol a P““‘"hc’( (ZL ) '2 I) = S{ww X-L(t B ) e )
%&' /" ; % - (Q/reso.(’efﬂe NOrnoJ 065.). i(! Tew ,E,-x}
& 2 — )
e 8% # _Z(te-z)‘ & ((x4~’x‘) + .Zu(t" =_‘— 4o [E(t 2)7.,;4_.;.;(2 5T
.Trth i _ 5 4= % Hy=nlY, E(‘da*‘h\
Je=F.-F VNosigen Yo= %c-F Vesisn = gx;=t;4+t3¢ Vegisn
=) xq = yd—:gl%'- A4 =4 =4 .. oaq | 7 §
Xe= Y vy, Yoesien IS a4-4 Tra«s*{o = |Tl= c‘d(*;f - g)/ =|detf32 2 3)/
e P -1 I §
i =l’]=v‘) ia ("' e °
-Sob ﬁﬂ,m s Su)‘(,“x(,,w"n)-lﬂ “ )_—L— i ' 4 0:g <=5 ) /
Lt.thx.ﬂ)‘\ = -n-f (€c) Yon = 'ﬂ"j— c—iz* . gc"; {(nt Ex‘)- ce ;K?« f.‘) 4‘2(3,'3:)13

s pae ol BN SIS TRy
20", ..(9""'/“ 2 e \"—-\"‘_"—— e . i o
4 )= < 9,04, Vel 90) = Yad(Vepu Y} = X L(2% 5508 ) s Lot

X-V _ (Z-M St
sAw Sy whare : [ &~ N0)) (o) Tniped)
"L'%_i_‘ - VA = /

Lemuy 4 )/ o Xh: ((:‘/ Lemma 2+3)




@ Y:- p&{fr(égk*fﬁ)’l 3
: ; TTd  NER-2)

X /g pe'ts
| ' e =SSN ot
fun 2 (%o, %) Ly, o) vy with {7 i i oo
Ifuh H SA ~Ar E-»i, ny~t with : ; Sy T
; N I
S s 2 st
ﬁf B (\n 4)6-* /("- ,?:} o 7<m //:I > ,\1‘/ Eq-ﬂ";’! s/ I L )’1 2 dlgl” "‘Tlf‘: mt;r)j‘
A | | - \ \ [ Lemma
= Dluf,.(,ahm % FV4,V-:. s F o&fﬁﬂéa "vp\ chl\ 0{7/'4’—22 #f/[;‘eeo/&m Yk S
Creps .;F ﬂiﬁﬂ(ﬂ T xt” <x ;
. — S - oL <
‘FF u,,& I—‘[ )r{%} VL) (44.3? YQV; ]
O x<L O

S

f = x ] )’.ov ,:y"y,_ gaS o Qc(ﬁﬂgrf over Lo oQ)
*PDF of F , i Skewal b rha rpht

ol =) o= 1 T
frut koG 1[){ 2 anpl - Lk Y ) Fon LL/WNF ‘} ? Koy, A, %

%,V
V/VL 1,2




STATISTT ChL

/v\_/‘\/\"\/\._,.\_,_

TN TERENLE

L e e

ASS‘UM\Q ﬂw(r- We j\aw OLS"&rVat‘wg ’X,,I,,,/In draw» ;‘?V‘m’r\ .
Sova %Srﬂéc(h% F('/‘e)/b\/hre @

iS"@an Unlnown )Daramlh’“"

3, Mo Pf@éf&mg:

@ EsBuals e wate e ea@@l'c,lgms’s aleut O.

@ H?f!’ﬂmf’fﬁ?fi«a_% (_’a_ry oult at—eS"'o# 0‘5[’"”“’*“ d.Loul‘ o




Toominsopy s |

- T
Prior o Exrzn‘ml’ /"f')hr the .;,(Iu.nm
(R-v-) (fixzd mumbers — Dol

o 0rior fo e “{-,,([zﬁn.,,,,,,f"' (,’(_. éf,.[ér-'- cé§€v‘V"‘y_ dur c__{a_y_or) : :
e (fkw"hh“’ X4, X, w are RV.7s —> W dom ’C.h‘xew el Yedd vollrec

o Aler the “experiment ¢ 5 Py v
Hee fea,&}z,/ Vealu eg ,f Z"/‘x_l/"'

———
o —

cire 5’&/;@'\9"! Ay )('1/ Xppu0 —3 F.\.»‘i '_‘."‘__A,j,/

S’rahS’hc: Gy Mx&‘urq‘/(z ﬁwch’“ T(X»f, X’z, vy Xn) Exz g, S‘:'Z“I 3.62 f"""f;/f

E—SL—W= (-§ - é(z"/"’/y") 'S an ES"hmah:r ’:W“ i "f ‘9 'S a Sfa".'S'}:e Hhal olse, Nor
ClelJWo' th\yt? an am,? Un Kngpwa /ﬁc{fwklrs

> (9 is ueed Jo %war\atre 4 ’

: ‘ A 5 5 '
et o BQ’WZ’M e O‘PQn'mn", (9(2_4/#/ Xn) isa R.V. & S = fumelion of RV

= é g#g (23 /?f‘al.;tuéc'f&?} ;LS"‘/.&JI‘[@, e Cg.ﬂu‘r [ts g (rﬁq,Loy) A'S’ﬁ‘:&:hﬁ‘.
= A’F"@V‘ }'KQ -\-’)C,Q—Qf:'VMv\r) é("v “, %) IS a Cmgrwr(ww a"VQO‘.Of')-

= OOy zi) is clled en ESTTNATE of © -
E__)s_'* G;VW 14/ w, Xn

A
s O=X4 5 an Estinafor fer VoV =Y
g 7

A 1
» &= X3 is el eshimsbor fo 4 (13) § depondls om )
A /
P RS T R "

m———— is am eCtimalor Fc;)?/’l) czmﬁ \~‘£’ we \;(MQN e

Estimalors ., Sek fecps thal werke wedll on Qerage whin we ase i |
Howvw, one rhe C,’)c/iennht' i dawj we ofont ' lcnews Lol WJ W= L\t clora -
* e tiad g 7 q(”/"“"z fo rhe ﬁ«d‘/’[wu" We wged « recpe Halwacks wolf o Qw'%‘-
1;0('_.%" Desivuble to doite u (o

wm i ) oLTl‘r-Lu"u'w 1@ d"ﬁ é (,ﬂbgﬁ!# (Dnm}ﬂ“ abouk Hae
Parmhr c HLJ‘ wWe wa,/;:'e»?l‘a éj"h’mah. §

i fe
e\

(“rerM) "o D G ' A

irilees ) o © Goaod’ © ' R
SN#O{ r‘\ghm/ r‘e 9 W“ WN/[M W(”é—e : L—} SM G."g d‘r;.‘,-t re ""rJ MG‘ : oS Bﬁ
{“‘T}ﬁr‘om e Le canse e Somdin iyt nof(onan'ﬁ'nw di&‘fi@) Time rﬂ\/: B we et wl Ge (& e 5.

8.




”

S 5 = Jp—— % \ &
“."’:A:_‘:Z‘fml‘?‘ ) — One d’f H\Q C‘Yxkffv‘a\ {*# 'fmbal'lé Qs‘h

0.(010”“ gy alIi 0"/"7 ()M Az\ - W/ Mgg 2 Hea ¥ ("ffl‘vv-a;ravﬂ‘f S'{éco a\f:j: 3 !*.\ e’
s e Cénre /Mf’ Huz/;i ave -
O aitress” c‘f Hhe siotedisre
u-il:/r?, ofcﬁt} : we. e R‘ltr S8, ;f-"zaw kaé‘ﬁ«i{ ure hove Hove e @& /’a'f“?“
.‘F

@%"M—é %WCWZ'
hm w:ﬂfarwhf &

Babiased Estmalor . 4oF Xy B be RVS drown from Some s lred

| A : e " * :, i N e m:fuif‘f?“ﬁe"
: | @ ki wnl,ta}iﬂ{ = hrndfo,--pf_é’ 'F/ E@ (@) (9, l @ uur‘eal.‘:\‘v"la"’F (xq,‘vfzh)

) : o ke pavuneter & whipm
Parww{\‘ergj ce @ i SaY of aﬂ,«»s&é& Wn&z; c‘f e a&a,..,;:&'»&; (m g:;m\.r’wa,{
8:‘&5’ H [E[Q) gi— E'G (é) = @'7 -

, ) ?
:,?‘-‘ p Do §t'tm

fs
-» . f—fn X
Note « “S‘u«% Start witha © f-’t’o/oagw? % Chaole o Lispeid s ;r,yaffeh /oesm‘élq fo Gofrect

| forfla bies by redifiig &
| ﬂ é%ﬁ{‘! :

4 . ’_Z;,:--/.Xn TTD RV ¢ ﬂel‘/"iemam/{)é-ewﬂk‘nWﬂ - V./, Sk

P—@ﬁﬁ /'/A: X 08 u,,.ér'as"cal erh'mahsar ﬁ,,/() " E/.;[,C)):E/,(X) :// /U 77 #/J

Gz g e (v Glzo-p baf) | P XoFa (66PN ABLETY Lok L)
. Brageo : /3= T3 [Cormeels /13-.\/3_3) ) G (ED) e pe34p Yo
F=3 (o Euf)s 3133 3 pyuey)

e X4,az/ X. TTD R.v. with Pin'te mean L and Varience o2 :

"l G e
2B [ Knows, ¢ guknouwm + 2 2 )0 : i e 0
// I il n ¢ w Eor e ;L_.g("""+5{3—r‘/’))

. o2 .- > = ) 51 -
: /2‘ Cenknpwi ¢ ek et ?%(K-WK)L rgwéz'ow FM‘&"‘?‘ N st‘n., ?::EZ‘; .

- /91&% }'—e‘/{ on or= SLLC” (’#@

4
Il

|

|

‘ﬂj*//v-f)j

; = N
B .. X, ICD Beeadd SR et (g
3 E ;'}.m.gp) R &rP be un knawn Epltt) L Py g )]

/PI.L ~a-p

p : x‘.f A 3 G < Jt o
?‘me = P s ._Z___.. ('S ten biagesf ﬁrl) %®) £‘;(7>).. ';'T €8x, ) ¥ SZEEpN var R en P i l/

~ 3 toprep o

. . X, TTD 0(0,6) RV : lek O be v knawsn (0 CD=1{6>0})

: TV'-{EISMLI'M:w{ﬁr O [(wEglfl=e toli)z e | 3 (1;
e B~ 2X, i anbonsed 4r 8 @ G5 (§)= 265(%3) s gp S (VTR L) et
# 6= Y (n"oersht) is biosedpug © 1 B0 [T5ldy e fipre il (i Ly
2 0=5- 1 8 wmbiosd por © = Doy n | 4. fai e
.é " 2E0) = B 8 — torreel it { f) | ofwisa




. m LWW UHVUE 5|

U&v#h“ h\u\lm Vour vem [(MLH.\QJ&’( &d-tmﬂ. Ofs'~ (Uﬂ\}u&f)

Ler © bz an U,nkvwo.m ’).axmz‘*’r & e @

Men é}.sa.UHVUc 7ll,.»(? f (9) © Foe &

°I‘: &% s anolber cmb tased eslimalor {.rs s Var(é')}lb,@

| . Vee ®.
Nele : OMuvEs e nof always exest!

@,"Ef.’s Ef e UMVUE excsts, ifs unigie [~ e Hwe!
One Weg fo ffonl OMVUE sban iy exist) ( anothey e fh ool Zaler!)

Tﬁrrv-(, afSoFor PM F—

: .' = . B (E56) Hepoancding m an Unkinown Sechh,
t foent POF : Ry | depanding o

CrQW\QV“—Rao _j:;ﬂ—
= —(24/ :Xh) GVL"}("""{"V Wi

Mhow Unoker Cortain r-rf,«far‘r; Gnolifiacg ¢
-_ﬁ E(T(g))=g[9) y c«QI”'\hS‘rc 300&%@1%}tQMF

ban War (T(2)) > (9@) xse (9/(0))"
"]

EC(Zub@Ee)) ] |« nel3s 2 g (x,8))

A g O s /\U
b s & o 6 i3 o tabinted eshinabe for O, A = 17 Var(8) =

et © s unbivsed, 9gte)= 6 = gl =1
o CR bl for PMF. Py akse!

mr#XA,:«-, X% are TP = Vw(’]‘(‘fx\j/)];

prgg:(ck) ‘We@

“ 7

(9 (e} SN

B n.e%u ij(t,&)]

w2 LM ~ (X, [ _— "hfm .
o Loim ( (= )] it ¢ oml f{ (% ®) (:s)alz-?-f"'(x’%;
(‘?)s[:l-u« l‘~f£9) [Lw 1F~(>c &)« {5 (&, @) A% = R— X
-n f«,(z,&) -L(4)~

' & o&
o auim: 9 (o)f < [Egnx) 9(0)) L]] [tfe’* wfz (£6)) ]J g /""’"“”’"“"J’
< fm}T (JUHL L.,.,C., (r,m/. fx(2,0) d5%E f IT(%)-g(8)] - \w
& (fi’ /L i IJJ * 6 CAA—
(C“"‘d? b <(E[HCE)~9(0))%7 ) (EL (2 wix(£0)) )" g
o E(T(E))=g() = Var(T(Z))‘ ELCr(2)-30)" ) —> Syvare buth Siddes = Gek CR 4

o 87 1% uin + E[ (35 0 fr 7 (&,00) ]E{ Vo.r[w"thf(Z/@)] = wr[z%—éh&‘f ¢)]

—:v«u[ by (z:,0)] -_z E[Z W (2,8) = nE[(EWA(X0) Y] @ & sz ={(2) 1o
d : e | = ie A (271220
e r B Q“ are hj,/

o f 15:8)|- (551 4%




- / S P = X e %“:' = VUE r '
nduﬁ" a X 4 oy 2.  FED Bernm»&" (()) wi's ? e Hnawn ¢ ’ = Y— < ] OMVL fe P
@ 2 / 5

| /
(®) Gol s vor[p 1= CR Lowtr hoan !

v = =T Vayr
- {a-p; {a-P) &7 Iytol!'o = lar
v pJe Var (X)) - n‘f;v‘ ~ BB fr.c..hgh - P(a~p)

«CR Lov*r&mvo); Ak - . iz [ x -q(ohx)(,h(‘-r)) )2.]
'\EE(%,.‘“FA(Y,P)FS'-"f[k%,;“"(?zfﬂ-r) ))]; MEL(%P( P

X )27 nEf(E=2 )] 2 me o) =2 Ver(Z) - plep
=ne[(& “%F’\ J hEHP(~'P)) } (o(a-p))* S pla=p)" Pl

- Py - My

> CR lowser boreud Var ['.P] e PLAP) ver f

s Notmed - Xa, 9 Bn I¥D N(p,62) rv's

o f Umknewn : is UMVUE for f (True for 0% known, am for o umbnguin )
T
Y

7\!‘/ s ot WniChebis £ s . @ !2\:- (X—.~~/“a)1
SO S T v ]} OMVUES for o~
— f unknown ¢ | & 2 =Bar (x:-X)
n— 3]

T By, X TIH Woe) rus , & tn ks
A —
; e O= 242X 04\0( e = h:' e oaure UML(OL?GJ eghm}eﬁ‘ (LT&

- & g ¢ Teg wlavil Gud®
. 6= B4 18 He OHVUE MVOT(2§)>VM(V}':—7D\) i e R TR e

€ famy: of PDF Aeﬁhfjfﬁ' he P“‘% 9&{
LM\J, Ly W‘&% Rﬁ Wos’o‘h%d _j ,Q.ga&
(&x: g gp VUE Lor X ~N(M L)

5
TN OMYUE 4, ok v (), 8~ explp))
P | |
ﬁVQ"?n S Uovred istanc, bibwen € 4,0 .

E'an ehmalic for 6 - Mse(8) < 50"““9)21)

fﬁ_@@ S€(8) = Vax (8') + (Bm)ﬂ where Biay < (E(8)-0)
Prof < nse(8)« [(6-6)"] - e[r&. €r8] + e(8]-0)" ]

s Wele) B[(6etd)). £(6-6)] + (1o-67 |*
g__——m :

gole - , Sema OMVUES donorreachme CR Loe.

° UMVU€S d?g,w/m//\,. d@f‘,}ah‘h ﬂm{%

‘:' ‘Q]W’e Evrer- = MSE ¢ "

<o & < c(50) [E(6-c18))]
n esT e
Nole - LR S % 7
= — § Ao Z=“ ( £) — e 5 '(ovrfir MSE ,/
| N = }» under No rmf?xry /
e i:\- ?_: (Bl Do ; Seallle MyE f




CW?ES}‘%% = Ap\ €S'hmo;h"r 8 Ff & G G/M?’Yfeﬂf'ér & ﬂ? H § —© ag n

. " X > o~ 2o
e P(l@-p()é)-—)o B =
t-e. % P(lé‘_&|<g)._;4 asrin— oo

fi effiede ﬂw esrqééfﬁiﬁ_md_%%:

/‘] T;V to uSe ffa Weal faw 0{«&7}2 nb (WLLN) :
r—’—v\' : ?
WLN = X4 ) Xy BED 1w with ,?('W:r-( ma,,./u e Homn A 2Ny _———)/"

n =
W;: .Tvyrowrr‘hz é\(i’) ar O E) for e P" AafE.
o hin 9(E) =700 ey = Ly
cIC 9 (p) =8 | Hen we are dore !
?]Ip‘ ﬁ(?(é\u)———a&

a — 50 S5 1
Var (), )— © S g thes B o
2] Dt'fee‘—ﬂy;um e M a# CDV\VB?_WCQ s l:ﬁ‘oéaé‘/g?

Emmﬂzfes =

° /0\ = :Z‘- S CD”'S«'?h’M}\ P‘“"/U @) WLCN » —ﬁ-éxc‘-ij

o -1;—.(5‘_-"2—)12 ;‘4‘: [T{?—XQL—HZ‘A‘ n-t -

p> e
5 n-y =
}

° Ylfs Grs*igh/ul" ﬁf s [zf €(x")<oo) &F

- s
Fiep® Z‘."‘I::D , E(XiKew 2 WLLN = ":- Z 33‘:‘55-23 =& 2~
; I o’—-_____’ . W0 Fc.\ N ! * ° .
0X:4«~Xn1‘208m»m\‘()0’\_4 2 é b= 3 w &R = ot as A —seo
i p ? B < Z Z"
=S¢ L) 4
©) WillN = fiploce fo

f s Gnoighenl™ ,@or P S"”""/’e" [ fien (prol of Success)
57 \\ P ’r'

© X: io s X s = : : 2
%‘ ”(Xc):’a—;_ = ﬁx —EF:“}AORM'A\”«‘@-«Q/ RaBa Sl
P

e =

g A e7p
* X,., X, £y O (0,8) . i

Z‘ELaZ/):G sive ok & gistenl (‘?/g"x——-)zﬂ=:.%=5-
%‘yaL& for & ¢

Yn Congirtenk 5 : g o) At
Woekor U GiVen €30 4 4 7 Consihnt for O« SES

- x
Nm,g,),})(.;sm)z@?( g P["/n*§(>€]*=P{l@»}’ﬂ)g]:ﬁ[@-h)g} - pC % <O-€] < (-5 )"
Amin3anspielEan)) [ CE€) wpim, oo . 2, <) , i,

f'b_of; oc’A‘{hQI": Nole 3 y\_-i;-'

NN N

P(?.)To)z °

e e : : e £<S
’\/“\\f/'\_/\-/'\/. Lx\ ID_I '=€P(x’ < &\g)]h:(ﬁ;4(9'{,l)hz(%¥',)“: ‘\4_ %)“\ =< lg £o>s
'ﬁefermte 3
e E(Yy) =~ (2 .- 3.0
ely,)—o 0 (59— 6 | v
. Vq.r( — F"",’ (; - h! L i _n b= < (@ r:’-.L a1 ¥
nl O & 6". ¥ el /_é_) s ,1.._(9” Fer 0<y ’

i+ / &

= Var(f) < E(}/hz)_g(?h)}z: ﬁ\ %_f'd; M i‘:ﬁfP"‘ﬁlts — O




| e |

> Om‘e ycu Lave e vValue ufa Sf%'uemc gkar.'s’r:c/ }fc beave e~lrocded Qé(} (e
n ’*VyquLth\ L‘ui}%m,/ i /’[LA (o’ ,’erwxf¢'¢'145 ('(Q»LJ‘ /’eu /]Od)’t?.'/zr\é[pf‘ s

@fé@e
Pe (%10) |

Likdifgod fundtian: Lot 7{‘~ (50 bethe POE f T at © fixel ,
6(9 x) JS/ﬁg Fa,y.crm df & at fl\ci’J _)\_Q{‘kW @mch‘m

Nofe . o To Gm,fu}-( ,((0 1) ?@uﬂ.ﬁu, (7 (;8) [for O end > -
o A€ He Aﬁe(m\‘wM s e olafa 55 (Poxodd) about & is (a/afure,;lé] l8%).

—> ot e O‘Ke'ﬁ"&u“"', CL(VV?%E» W W &/ %) 4 ymalive bt 8
€(9 %) 2 kﬂ,z,
,& H )1 4 = NoT Very l:&fmorAV4 aloulr @ - f(ek) M.{, war
Q(‘,"i) Vayies 2:tfe af S wirh e

—_— Gives Hw.VaLMSofG
>€  Hiatare mora p‘dhs%(’
To huve Lod to e olafo. 5% .

o ﬂ??a»«??ﬂﬂm % - |

PME

S“#“"”‘”Q Lol X fave Jont PDF} fr ie)
A §Tt\r.sr.c N 'S Suﬂ(&‘wrﬁr& ,F {;\"T(Q’;QIT(%)S&) isin/epr)@é’ y=’?/v=t.

> OV Gou Knaw € =E(R) ﬁir Syery X, there s e inle left o Hhe duln abref &

Ex: x,. %, orp Bemoulfi (p) rv , Pumlrows = T(Z)-= :‘.?2‘ isonplivtabfor p (T = # of Succesres)
Goof s Tie T anol 5% : P (z plTCX) = t) ,,,(,Ie,,,g p Ye

LQO PIT(‘X Pl T(ZI &)- P(21~"‘1, /Zn'x'\ F\Zz“t)
o if £ Z:_x , ZZ¢ e ?XI (ZypIT(E)=¢) = o -a)"ndefd‘f P s
% ‘f tt § x; H Pj.‘,lr (i;P) = P(L 11’ XN’X”J P lT{x} t) ?(&t&,--—, K..‘-"tu ; P) B ITD BQV‘ (P)

e

P(T(f)»e) p(}‘x,- <¢) Binomind rsph
% - ;P) : P (A-P) w Wi tp Fri
i P (5 e il
X 4 £)? (a-p) € ﬁr(vu
Nofe = , A gi\/ﬁawl' Shhghc — —1=
‘ Can be o vehur T el . u) Sll Tx: =(x.am\n
;. L4 1-"1\/“.\1 g"#t ‘V‘/‘ r r )l ~ 0 SN )E(&-X) )
i e Sle - T o L =
h—)n-@wafs %am} 7&”9.
: * fet T Stccomt shalishe 19 aa ‘u;(z, e
@8 i = =4 [F ‘
L T '"dof’fa = M= gte zm:(em T 3(T) s nlle guﬂ@«cw’\
. uﬁ[cc.mt S‘f;‘hsf ‘ pof & Re gy <,
! "\07 net 6.‘“% [

S5 St ) CS‘h’mqrori of IS (Q(t feBcr() P tm Hipum
fs ”% ; M,ﬁcpﬁj 2= 2;”1 2x. efficuth,
@G en ¥ o 4 "
i fe (‘a»«(, of dhst ;\@ T safficent [g‘.“dh,ﬂ%mue TS ko)

-
= n ~RE0 Lleo,©) S “ML(“M Gweie

T(2)=-F S NS Suiisad for © ;__”"9‘25"°)" ::71’:')0) oes o son@ /

X ” < date. Cnsisloalwith X
o Xf the dete X (%, ) is dechroyed ond TCE) Sfficnd is tepuin * “E a0 Iunt

burwe Conngt Recover X

e —




@ N%MM« FS’/KM’ Fow/\;c’r.‘ alior flaaron, ¢

' ; 2¢ » = ¢ = i)
N-F [m P fm: g shafistic T s S'v%'a'm/‘ > We @n Write {x(50)=9(T®);0) hC
bore o 15 on & and an rﬁe&;e,w\l‘('ms x Gr& Hﬂrﬂ-c’j‘ =
B 4 ice Fa«d-'u. dfﬁ:e observalions & % {: lu‘wl.e/a z-f&_')

: . /
PM‘ (ke pref is come w e discrehe Gase : Gordinveus Case true buk pra=f more fechnical!)

For x ol««ffn)‘c : /li:-:ré‘v:;r.r‘:tuw, :
(x, ®)= P(X=%,;©) =P (= —ko,T(X) (%) ; &) = (E=%. 8 [ME10%)).P(rR)~ <76, |

@ 4('- JC fc H P" xo, i a/ ‘ L-_»\‘.
P(E= #%,,6) = 3(T(2,);0) h(Ko) s 9 7%, 0)

) 87 aﬁ’a«/o) ‘on

Pl £
R ;oI R D =Te))= 82 T
So: P ( ! PTCE) T(2)

(mdep ot & ag 'rs#:o
TR, 8) & a!*o) : Q(Itf.z-o) h ()

¥, ) g(r@; e ) ki)

~Z ?(f‘g/&)

e = £ e Z (25, 4(i’) o A
= P> X~ O T(E)=T(5)) = _é.{";;/ iy ,f X T2y Pl ""E = Z,(r(ai.g) Ae 7]
RS vl fors /

Exwme{e T
@ X 2Bl ED BuncJ(f (P) nV., P balttown: s T(X)-= f: X, S".%'ue.l'ﬁr/:.

(96)') T‘(&-,)f_', v Zn kg, = = . g?‘ - N
)= Pﬁ,,\(;f_)_._ Kil», e;a,.u — T zx. 9,?,2,,,_;/,,},
= 7(?:%:]?) -: J\( rn-i !F

@ x,., %, 1zp U(99)nv, O tmkingwn : ~> T(Z)- Mmox{ By, ey Bn} is s:.}%‘,,.wrﬁe ~&.

(% o o T |
@ 7%? ("‘;‘9) = ;— TT rLﬁ\:c (@j ;._: TT‘rDc )c:\J 1\:}'-1 (0] O SO _[rr:ux,<' Ffm...t)o ]
7 (} “EiTwm
L ¥ 2
-~} e~ & ¥
3 (T(R); 8) 4.0y e pd

@ x4,'“/ Xb\ rfD C’iﬂMhQ('(l'ﬁ) "V 0":?, Pkn,whi ) T{s)- Trz Su//«.ul‘ For“

s R
Ko pst. . ,\_,‘1'(&) 2& S%ch"f'fp
1,3 Unknewn . MT{x) (7"3 o %
(@) ﬁ; (’qulp):_i_‘ A ﬂ_.ﬁx.'t‘(-‘ _Zx/ Z& , L&r/“rkpl-
(F(e)” a= o . TI i

= arr..“g( Feving fov 2ogy. Ca s
- .

2 Gna: foigep -frx Ay o T.
U o) e
Nele « v f T05 el you stlluayt . i o 7 frnoenn
e
\-\ fy”‘"- O(Qrc\ ‘P Ch(kﬁ’ur b 4[ ( Ge 8
Tndica T ¥esame A 2 MEER £, iy
{ On ICA]~<°/)<&A Mﬂw.-.l




- o 5. X
@ /—Mﬁﬁcﬂ £ Best Summcﬁ-r‘g”‘h[’“ °7€ Presbln Eqy; B

n\i.\imJ SZA%'{,M" S’ra,c‘f ics - = S"'C\hs h.c T P Mo g'c\%'o'omy .f
(r\) Ty E-# conl /De 2 s e
(2) T (S e Pdmcrtﬂh :9‘;0"? \‘.”l“( SV%(_::MI' S‘h:\r:s)':( T $ #7, o n‘%“hf ﬂ“’“ 3 £ 3

Lemprn - ;}',g fivo dhtuninbia ik, F’; (.;0) 5 F S‘“’éheﬂr shaleshc s
= g o (%Z;0)
F};v (5i6) /
: TE)Tf)
oot . \f i o fizmo) § (TG0 &1%) | A1)
Fragior ¢ (redn o h1G) bup

r"———ﬁm”" P Teshihe uif Ll (diponsout of 6« TER)>T(5) belis, Phen T s minincd
Fytg.0)

S% o"ml‘ﬁ,. &

Pib:f-. Lel” % é-t o&?cre.(e ( % thwﬂhﬁ‘ 0«090 LvarNs ("“r TQ_CQ\W'."W(' ,}

£)< (5 - % ; 8) s . o .
Suflivonty) 3 P(Eome o T(@=1085)) < PIE-%i8) 2 —0p - il of
of (uuc;')~ P( ey I o b i Y,({‘Zn“'
*‘Wﬁ'}:ﬂk‘;) xsr{&")-l’{a,]

)
- Hhesis
. L——»S‘ ‘):MQ ’7(69 (% a9 A?fo ¥
° ("‘t»\tm~e'r : e K > h o . r
)+ We Kuow Mal T is Swlleoont, <k 5 be ariy ofher Safficionr Srakistic :
A il Y3 o(B)= % (G;0)
S‘f%c-hr.v 3¢ S(@) S(;) ‘:::-) PP (( e Mobf’f@ ----.~> T(W)= T(3)
“ Pe(7y
@A?po}ﬂ
Se VY IS s SI5)
L D) Lowshion f S, 50 T minimd Sl

ot e oo hande Ll AN

AL 9:

@ x,., %, TLD ""‘5‘”‘()‘) FV, A lnbew, 2 T(X) = ?,-‘,zc 'S i ame ool for 2
R /n’%:

ccxny. 7 (B L)ty g 3w ety TR
PCE=§ 1A X{T '“/Irg.-! faa £t ;i l'SmJu-S’l#_

®x1, uy X o N(//’ c—z) /U-fc Kinewp 0—' UMkKAWh d T(X}‘ Z— (X 7‘)) 'S Mun. s’#ﬁ".—l

Z(z )
@ (% pot) & oS Lo [ & -p)* -Z(b ,U)"]
<F~ - (cr\f?v) = . e zr lr\b‘(f# P, X P Z(z -/J) - Z(ﬁ -/o)
/‘r (9)///r) rf") c -?a-&;..(g'.-/o) &

;z"‘i‘ peie: ip Yo, T(X)‘ZX-- S Min- S’% {’or "

ltl




E&M& —> llows to Luid ORVLES

ol roa el nin
WF&I—M” "f"F‘”‘“%x A f)am'/g 4 b bis o { ! Olio¢ C“)} S ‘MM e A
&) “Ee[-?(é;)jfgo -_:>9(f/=ow.r£ pro 4 s ¥ measur (’w g -

¥oe @
%['&ré”” of Shilistic . 4 stalishe T s Wfiere F Pcuw-ég of cstrlabions cndiced &T is Comf(ﬂk-
ce. “Ee[§(T®N)] =0 = g (T(Z)) =0 wirh prebd” belds ¥omess fored™ 5 .

EM#‘{.‘;

) . ) <
@ X~PO;SSC--,. (1) l‘ o~ Wf»&}rﬂ. I-a'm/&l} . F‘j“’e"gﬁ\f‘
3 e~ x A
® g, [3(=)) e ?cx)&;g_ 2o &= ? 252 2o e $N= 0 ¥xasemn
?(x)t o WxelR wiFh (ﬁfo(wlo!‘aa'fi 4 P

‘ourhvn Pai“m : P(X&N):D “ go

@ X.,-, T TID Bissencd) nv. 3 T= i1¢ is Com,w"é"&.
Tad

&) .»:Z.? X ?Oiss‘t‘»v (’\). ) 4 ﬂmo/{ P{!‘sgo)v‘ [%/rw:&') (5 @ur{a{nre @ TI'S.' O'VU/W&L /

®X",'--, X, ITD U(o, 9) s 7n (max oroloy ?Yah’s“"'c) ¥y C‘»"/’I'Er!.
() £ ) - 'L::_r P o & N >0 o

b= o T [ocjc0] S & Ez(y,n-e[?cw »%;:" oy Ie fw)’n%” o> e
=) .i {.A.)gjoo i g(@)(ﬁh\'_glb

4y O =) g(x)=o ¥o<ecs

Ras ~Blackwel improtmmant M, _
Lef‘{é\ an w;éc'aw eSlimealer fer &

T & St staistic for &

B e B © (5:(20) and Vony (1) < Yer I
Poof - Recall: £[81TT = E [S(7=¢]],

o T o edhinnhr Lor © ®) T 8 Safliciontfor &, So T’ doe, »d‘o(efe«;/» 8.

- ElTl- glefsit)] = g(8)-0 @& unbia$+d by a.5Sumpticn,.

° Var (9) = E[Vﬂr(§/7‘)]+ Varr:E{'O‘lT}.?, 2 Var EE(§{T)3 = Vor (T?)
C e J
- X4

‘7?(f)=o w-l"-rrf"bi

3 M'MTI'-“- €(§|T)

tce rv. ,as i Varies rum,,low\l? Wwrh T

A
Nofe =~ Eve. f @ J‘“Of%m&/’ﬁf &, R-B Hm Wil i preve [he Mesn Sgnare Emr f 8.
te. MSE(B) > MSE (1)
F) 6 given | T sufpisioat | Tn E(SIT) -
MSE(8) = E(6-01) = Var (8) + (e18:03)" 2 Var(r) +(€(8)-0) = Vorl 7))+ (ELELSITI) il
=\ (T) + (errl-sft

=Var(®) + (e(r'-8))*
= At




@ Zejtlna/;m - 50&"'/42 %wam ¢ —> Link belween S‘o/«[Zu i C@W/"&K’M&S X UaWes
P e G BRI

LS Hn . B an undiased astimaler for 8, Ta Comglele 3 Sufficiont stabishic «
T g o7 S=gr) , Hun O is et OWUUE for& -

Benf- - Uniguansss o Suppese 3 maller unbiased (1) lae + g(TI~g/IT) Lot ;w,z
o) JE(g(T)) = 519"/50 } = E(gm) - E(g/r)) Se EC,D(T)-?"M/‘] e
letgin )= €18) £ = EL@-9) M7 Lo = (9-3) (1) = o wrhprde
o« UMVVE: Suppote &/ is wsthar tunbinCel estinaber for & witl, Vr(8) <vay(8) TS amplery ”S(T)#"”W‘-prg
tHray, ~'mrr.n 6’ L? Ruo-B&ckwﬂ'y,j o ({r:;rs'u,%c.a..f) < glr) = ECOIT) umdotaSes

So Var(g4/(r)) € Vor(&') < Var(8) = Var(4(p) ;
So Var (g/(1) < Ver(4@) [DE] @ 91, 9/(1) are unbiased eatimabers £0, 5 finchioic £ T
Soboty “cbawsn” abeve 1 g (1)=g(T) wirh prob L.

How (o appty He LS fim,

V=g
@ H“-f'l to ﬁ'mo’ amn UMLIOS’{:I eslimatey (5‘ 0‘{ 6 P ST §: g {T) where T is & ¢ efc} i%"‘:‘iv/‘
. z S’a‘ l‘(’h’c <
7 . . F o
@ p pou lave : : :»\ unbiasel estimare, 8 of © A } Roe -8Bl ckwelliz, & b Grchl ieniing o7
G plefe gb\f;&'c(h\f Stalighe T Thz E[] 4 :
T v QIT3 s O : /
okl MVUE !
E . __:,g.é”' aS fore Gy /

~ X s UNMIE Por 2
@ X,y Lo FFP Torgs,, (7\) rv e {éx X‘ ;-\&,H (3 per | =
(5 i:r E ‘S a’"é'.afdﬁ; /1 o : = (1~ V-l) g UHVU(: 7[br' P(x=0)'=e
e S’"f/éw"’kﬁ"l = 1- 9(T) =471 is LMVUE ferd-

/ T= .iX.-
4
T= éz‘. e Q”‘v/:(uh *gk%. S © := f[x: oj &) Eﬂl—fxz\f,‘;j =‘P(X'=o)\e~1
C'ént =) T,\ F T RO ; ) =
T = E[T(Xﬂto)lfxg‘tt Lzt =S ]]iNX:'bJ[ISUMVUE#ére_Q.
fzo

]/= PEX»'”}éx,-:q & ;A

s 0 2 .= = -
=7/ e_"x .r_@-n),;]te.,.‘..,t e P(Z430) , P(22=¢|X4x0) P(€a=9) . P z;_x.-.e)
(3]

:l * Stmple wulyioted estimay, é"? e,

r -
: Y SLTN F ﬁ ‘o= e "
\* S tpes : ;= 5 =
(n A)tt-nx/ st (.t,& &) A fs: T(EZ:=t)
€4 ZEAE 7 T2 e \T 2z 2
" =T n - (4,_ i)q \
M = (4,\4 );Z. — "
w - (1_¢>h2
oy s e as E._,,A il N =
@ - Z. It U(se) N Kovas e
A h 7 rv., @ ¢ A
: 5 ’ ) € Ynkiewn @”;:7» i
F O, =y, unbiased [, g MVVE for ©

&/ Tt(/,‘ i Cony g LS
e > Sufliyny. O= g~ 2L o GMVUE for O-

CJ "(/U’ ) ;pcmkuwrl —*Kwnewn f'grw\g = Om/e}'e D ey
=/ :’:9:‘?(2—’—]:0 &) /@x}.."_.e\(x:.&é e e X% ¢
e rn; = 0 =) f ‘\‘-&
)

L R TS Lo % J(‘}("’e
o [0 -2 P
- ¢ -ﬁ{g) € a‘c’x =0

oo xt --4-‘-)(
—2?)1 % dx :o

———

. &( t=flx)

= x) mo ¥

caplrreT\-‘-sﬁarm s 70920 WyeR

i (,tm“”-nmh.‘_ ‘(“'"7 Wi I = (X))o wra [aroL -

MW r%kg e /""’c(ave;l 7 iz 4111 3/ st N e?ta'mu r& N‘
} BEY @ Ir v — g - |
h S Sehc o for N 3[N-'.‘%y”_1 UMVUE for N

=3

d\kb{ﬁft Cute ./




of low gey ot slakistee T l?”ﬂ/zﬂ&‘/érz L. & of the = e

ol Wl “7:14\0(0% & -

M; we Sayphal ¢ Shalishe 1 A% yrdher M»&Z_‘? [ © F €) ls
© ol P & - :
\‘L{' W/)é// J’)et?w\ /%6‘[ & d)p\&- ﬂl7 j’fqh‘g(}(( 5 Ugiff g,‘/[,g,‘,\

Mg [rive (-,;A;%(M(e a(’ﬂ}@' | i
GW{MW( He paga for S [ern M&/ﬁ‘*]’ (Seveds, Aﬁ,-fr, a2 iAol )

(s Coe W'eb”/"; /7 4%247 Lr< a/w/"(a :
—E-—& : Toss o %u'/ lovw ONG - ;7) ffk( UC\IZW (e #Qaﬂ[}' (VV.,C/‘/,,,‘g

PS e Ayau. o 52‘4»/’5/@ <f/§7],eh (@M a N (1 ,lf(/!qﬁa,
%/fx TR 7R i ]‘a,/(fe olracy Qﬁwﬂ/”(’ dff?e i fron - »

(s e

Ay,

:Z iz 0{«,)[)3';«47 Me cmh‘"’*‘& (fg %“’(’e.'n fess - e
% ==t _

j:% ke &rz mkﬂf/‘{(/%/p/ /%1 /%e )’%4/('{/;%, T:’X\ s MCJ?A//

(Y Plxar) oloe ML L/,
E L€ fe.} -~
Howitr, Sur VK" “‘/"m’“’ﬁ“‘ VP ad- w<%€f ,ﬁyco.. X, e
MC"“(‘ it L‘V%)&VWC‘Z a«écf‘tl& /(/

B ndloy - /5 v el g
/,

Whe  2listfde o ._7£rﬂw. PR G TA--./,/{Q “sJ%;

| Pt Var (7) ‘/UA W%W ﬂcco'l(yro twhethar -

A ) o X= o
;Sr(%fo 8
= CO-cl

= ?(r‘:u)

A ShalisTic T is 4"mlw a,,,‘c;[/ay/ = 6(1‘)‘2 c

#CM%FMMSS 5‘7/5’ Hat &fam«/‘} s Q,mp—eere :f He woalﬁarisr.'c}

Ure ME ‘n\.'\/t'o.e me&’




M efhed _J_‘f’
Esrnmi SO

B Wod O Tewette

5 s Ry o > ’<—.\u c'\)\'\f:l’ ?
— Given a Psram\'t.» e To eslimg e 3 Row clo w= derive o Sutuble eshin :
) The Method -
Serug oy Xn EID rt whose Acslributiom "Ief’mlj m 3,82,/ 6 -
¢ ALL K‘mwwh' xish 12‘”" ey oty Eﬂg"ﬂ< e
° Let /{(: E(Xk)"iskﬁf',éefi\n. kM@EuﬁnrfM« VHC'W\DMZ:
o Lelb m_:= ﬂ;\- zxc#/ 4sksr, be ke K™ Sa4, Manenl .
WLLN ¢ ;;.‘- "%x‘« —a T n, — A
. e T D Ao
™, K
g A ~
HCH(u’t &Qf_ ”\K/-\-Jﬁ( / dlvul S’d"f'VQ s im'i :‘: e“‘(e"l ) G"‘) pnw' 84/ e &r >
\ n
s
M= b, (8., 6,) (wirh w, = 4 pIR )
Reseel T ~
_c;__.o 70"\ C’é"a&nl % 2 o 4 My, . / ’”r) ? ugw W‘&&Y\ (d’ S are Lt_Mt\A'M‘:p;
‘ K
é; = gr (m‘,"'/mr)
Notez o the MOM is ¢Sy to qﬂ;&y (MoM estemalers are cn[ﬂhm Used a8 Shyrf.‘ry Valies mmitf%f};
® HOH,S' Qavz !\’_L_T: a,(w 2 Umét'as.e,;l- Ex: MLE%
e MoM's are Congishemt S miiers ol ’“'i'“,o”&k , I

OO) W
(0/ ‘e/ll/\,\ ?k are Caulintaoms 5

& f?(cmffhmms
WM. i S e " v
K X —t_aE =t
i) 5 R N R S
X pleg © F e
N\ﬁg © b Bk V"sk‘r

s X, ... X, Txp r)f[/l, o) T TR

Feon : t e A m e ' ;
Stubin: £ = L& 28 te.5) > BRcAsep [
(57 o X -'4 A
( ) S (0"191)“ (/J/a_z} Umbenowm ¢ iVVM:'/"# : iz Xy = /')' o

(re 4 S 8. =X My < p :)gn':‘
o ‘1‘ 522 z) — 1 . h : ﬂ; :‘z“ 8.““'/‘)1. o 0“"4./-37'
b (Y r=t < -X — i { .’zz—- = ~ . <
( h(z‘z / kxatlj; 2(3;1_—2*7= %E(x.-—X)l

Se =
Ext 2 ‘
F{ X,,/ m, Xn Brp B%rn(P)

SJ&th n 5 , P Umknewn ¢

o ' P - a (,./5\0.'{ X = ti-aa! # df)/ﬂg 4¢S,ﬂ(‘e$$ - = “X"

X~ leom(p) = m,—';-/a:e()(hi___,;,,_‘_:_ OR % P=‘£§ 3
| r My P-4 %) PCX-'.tp‘X:,,-p' P[X,-:'—K:P

i % ; 3 < fw?ma‘l! %Li‘as\vo/ e,s*r.'m,.h,, {e?‘ P So ym, = 4 .‘El" -x ? g
‘Qﬁ,,pg_. T(X) IgﬂmCQf{murvrﬁrPg T ;/\4.;;[’;'-],? !z‘:’\—?
Unbiasmege => ELT(DT = Sy plapgl = P ¥p o [Ttn=1 T —— L7
LA — T(x= o Vx32 =2 Cra é) cgh'marof.'

f”{;f -‘n.iw‘ﬂ( V:w P




@71///\9. Nﬁﬂwoig

"4- .(m)(
iablad: Hpiseate - 0:= P | piethet SO
s COﬂh'y\M,;gg‘ ,e(&, Tli= 4—;(”‘}‘9) 7

':) -e - O \vu‘YC "" ! i
,’/e“_ e o J~f‘¢—’7~’?r".-!"- ”{"} > )

MLE 2 é:é(g) s @l MLE of O if ¢ =
E) = arg Sop f(o;5%) , ¥y ST fo(5°

e ®
A L% = ';. >
?uf (O, %) = L (O, %) M= S8 f;( ;8)>0
e ®

Nofe - o The MLE mmay nel exist o
fenn iS
o fha M LE s nof” O,Q,uuo\,y,z wm«c’w. (Gut i |
. Q(X) S rhe max. Mﬁko,&gu.cd €9fmaro. E &(‘fz) s &MMW MM—L}

Todez 12 ford &, Moxinize Loy (€(8: ) WRT &.

H“’-M s Conlisnipps Cute = FF Lis A'ﬂr@nhaL/e us<e cakonbus = £
t’ffpve e ikelituod  equelions” {.a_ Leg (8&:5)) = ﬂ for O-6,%)

Scare veelor s (B-L»;(fw“ %)), }—Logma‘,n)))
o discrete Guye = R li!

EK 43 X:'l Xx ¥Fh UV,[/U/ o) rv. with /V oCunKnewn = & %— i(z'.f)z
© iy (015) = by (2 I F) |

1
(2')”7' Y W <

l L £
o ‘7/8) = |§[w —/U)ta -—) /J: 1 '%_)(.. Vx.. ~ P - t -—.
,L Lo (0) -0 " n i batbdi f% -—‘.i =
= = i i = _—
=t — - -

Exez s & X TIp

®) Loy ((€(2; %)) < Y
?(( ) 17() e )-{‘Zz.)&,l-hl-&r,

= B_l, /2)_; ‘i" =1 - " - e
32 (4 =° = -:'-z—'?k.‘—)\:o = A= ﬂh—'gkc Vlt:-' - j? ‘%ZX: e <

32 E
Ex X u, X ZT0 (J(0,6) 1y, with & tnknewn ]'6"‘ Y

me_if SePup tha Lilce s frppol equalions : € is het 0‘%“«“ af e f5m 4.‘.&'«&)
s %)= L, .
& [[9,'%)=§"'1E0<9,\<l9] —'Wx:m;e/df&:én

e
3": Wax (74/"‘, xn)




@,IMV&\'VQMCQ (Ff\eo TC‘] C—,f HLES o
Fay /\ 2
thms ek & on Gnitnown sl NG E i }'2 2 (©) = ’céoi/

S oo 2B
e WLE of iR R 0

Bs o X n Bave Exp (B) s fet ©= pLX>>]= S
S— ! = e =
f=F = &= R - m-r- e” &
o Tuw BN NG s B O 2% s lf)
Log (o?) log ( 2+)

Mé‘ Cased = o) e d-4 e & xrste !

Lelk .e*(“l;)?) = /!'A'ez&\w’ a—l 7¢t % . arnd s 4-1 = T(®) :)1 = ’(:'"{11.)-,$
Se {'(1;77) = «6’(7(9)"77) = f(&; i\') = ((T"(T),‘)‘ )

= {*(q\’,k)!= S‘“F[(,('l;‘v)] 2 S,ur [((9;';)1 s ‘e/@ﬁ;;&') gf(’z_""('t'(@)); )7) = L*(Q’(é);"?‘)
A : &
=) pl‘“ T) - 'i-/(-g\) w Ti)

CaSe &3 (o) is el 4-1 :
Enduced Likelihooe 3 £705%) 2,20 LOT)  notinpees

0185 -.17’2'(‘1;

- 9’?(0)='( / “
So C*‘ (VI ,’Q') (i gu(’ 677, %) = an g"‘f E{&, 'Q-) e S'ur ((9;"7) = ’( ( §" u) ‘05:'((,9#?!‘6) ":
Q:tlﬂ)t‘l e

- e*(*f;i): (8, %) - e < 1S8) -

"C“‘Q/"‘C\ﬁ] Mteza .

Z - 3 0 —) =0
ofelic Unbisedness = B asgm b ks for 8 > 3 ok ST Kel8 ol > E(W

A s Sy pwe/A,;y olott 1f Limnifing ;(ij;f@“,, (# banbioSed @Sya =2 20 3 e{A:);:’:°)

4

me X, ., Xa ITTID rv. With tnknown Scuar [xrm*% Q
Ba = MLE of & foreachn :
e[ (Brog) B Wl Tig)|, @< w3ty ©,%)],.
| s “"d’z\"' bw Fenite: Ls cr Lower bound i
L@r: 6, 18 as olec ol ie¥
" e - 7m/’r, g A 4 Linstr ool T dave the s e
"_&3 B, o "‘7'",3)5'.'""% %h‘t: Voar {@h) e —_ CR ¢ ) . f’amp»ce Va riamte rfw«@_?

n-Ia) :
. '= l(o,i)) ; = Vs ‘ Oy 2 inmedor !
b‘[i’;ii :=§;l7’0:l--> EEs R E LT o o e
F s, ¥) = 3% L™ =0 s dupiE

L) = 62, NN = 48-—"-“‘?-'
_(@_a)._%t."(&;x) oot il B

_(6-0)2L0F)-p D
< L —— —

= /[0 T‘ \,—'—""—7“’“—' b
WVavy ( Z L (6, %) . Vorg [L/(6,%)] ‘

€. L'(6%) = _F-0)L16; %) = EL’ (8; %) =

2

. \A;B(L/(D,'Xf/) = Voro[%eb; (0,-2.')] Lal

‘ el - , Eg (L'(8;%)) = ?5 foedi = o Vi }’) iL'w,z:) " E(L'(D,‘!;))__

&
Ee: -2 2L (o x) ::P;'ﬁ = [L"(s;x;)] =% Ep [L’(o,-z\')‘] = Varg [/(8) 2]

' = =)
288} Vor. T/jo 2T (0) o i8-8 2N (04—
Ir( )‘ org [t (8, 1 M&—»—: N =) m (8-0 ‘,) SR (X’(O Var[u(}@jz’)] )

"!-J'-'r‘) fopﬂboﬂ_oh\ 19;7 /;’;‘)




@ Congisten vf M{Es g
aimeler © :

Eitbir i o o il
AV\ ESﬁMhP@ (s @M?‘?f&"f(’&' & P@ @’7 n-—so @

/Sn=4£
el MR g e S;_;:%..
(® WLLN /5 e P S e o

k-ﬁN

ASS'Mr)th\‘D [prove /’Lu(' @ s CmS’t?ﬁ’ml' whon Xy, -, En anIID
— A4z the fomdy of olstdibions {5, 10 € ©F is dedifonll =
-A2g f'(e Suﬂ)ort g—F ?9 010'95' hot' p‘.nf%«p’ on B '*;

-A3 3 X S’ Qre TED
-pus (D Gnfals %T%:ureer ST & isam inferior

LeW\Mw= % e ETD . wirh th(/QlM f(&I Z) ; Leb
(Ue;’ibuaf) — 4 ¥e

n — 7o

e T, co's temlly ¢ [ELF(D] > g(EE
W el ol izty(x)]ig(?:‘(x)).@
L-,si.rfsfmtg

Pt - Ty (000%)> 015 2))== / (T(’(&. 2:) > T lle;%:

go ?‘90 (([90)'X)>‘?(0) g)) P& (VI & :{(O' x)) )
o ©; Ei

s = R
4 et B9 lam) swans y, 20 [l"
Ty .-

Lo7$‘ Sfrer‘% onCole = TemSen & E0 [e? "auz') ](l?[
i b llfe s ) <o
» G Vome s g RN E,,[][<€] 1 @
. ?‘SOZ:YM Ee, [ ] <€']-——"91

W =3 o0

5 e [y,, ot Eo.):"]] caon g, Ve

= [((9.;2‘)>?(o,-27] a4 Voe @GN



m 2 Let ) =304, Ouf be (’m‘fe olserefe farmbr Spaca .
| Pow wnoli A A Y the MLE S, for © & ensiglent &> Fp Cé. =97»::i, Yoeg,
’ ) the HLE By i5 Gnoishont for® :(92-—3—»&"91.9«9@

N .o

Mﬁ (N 2 (1On-0j<ce )52 1 Yedo o PQ(LS?”-—&):::-L
= ®=%<94,-7,9n’} t WLOG Ba €O € <On .,  Since O e (D a8y ©=0; Tk Sl 8,
P (0-€ €8, <84¢) = Pp( 16-Blcc) a1
=T ( 5,,;@)

g ve>o, Iem>e ST Co

=) 18, :(On-slcef D 36 : bn=6t

LB Al

'\:6
zwn );‘:31

(é\n :9): To“é‘h_91<€") b
- 45 Bl1h-8ler] = B 0s0) — 1

< Py ifa-& <4:);:2 4 by '87«;.“34 R

TR ey SN SRR ST LN AT sy

(2 ?aﬁto,ﬁxr Gse. (W= 294,91‘(

Ew/oﬁv fo Sd.aw Hhal (Rp. ‘[9"“&‘9"3 RO S [DC§» ___@1] :\:_2 o

B [6= 0] < R, o 1 2o T)> 2o T)] . v (e, %) 8(6.5%)
-+ T;., [él,-.—& ‘ 0(1942“3:,( p(&;g)] . ?[e(&”g) - €/92>(§._)]
Bah 3.?94 [&n =&, IN@«,‘%)) ﬁ(&l,g)] = ?54 [é:1=9.4 ‘ é‘“:&;‘& g

On=8, osMlE
0?6'4 [-95\ =@4 ]e(@d’&?’) <P(az;i)] o Paﬂ [_é\”:o‘]‘ é\h:&?} st > as @4#&2.
Laéﬂ.‘é@-c as MLE

. o, L e(e,; X5 9/@1;§)] g 4 by He previeus i

Se ‘PQ,‘ [9.\»194] = 'PQ‘ [?(@4,'§)3 e{&‘;i)} 4O - g

s A

(Conlsc for 3, 42021 ) 7

| m % If elé)/i) S %,#Dxlméthé’/e, Ho.. :
Wit pyoLaL4£‘@ 1, Facmustel Slufion b Ha ébﬂi.,.quwhm ey ()

P

/,\p{a, ¥) = o




- 3

:
7 " 8 =
._,“»,_,’..’-.,\zl«; -

| rlerval  Eolinabion 3

B Geransd Prefies *
fi g (X‘Y,-"/ XV\) A rQM(M Vech:ar‘ 5 9 OM“ML‘KW"

L L=L(E) and R=R(Z): )t > RisbL o
. <L(§),R(f)) o Favalee .',,reraJ-

{)ol reayre }e.- :

pudlposnts of Phe iolered (.=, rs)

' T v&&@
Eal- i L2R ST plene [, (<6<R) = L | LLdk - !
e e (L(E), R(Z)) ik petaSe€Q '

»8'7 t’ﬂr‘ef‘hljl @

r& ‘e L(i),g(f)) S r A Ff‘o.éaéx ‘ ‘
e =  bave Puxed vales S0 CECSEREENE—

Bl He tuptrinant, B, -, %o
COVMW/}, Maéﬂz (A"d) ) usi_ﬂ? L g-e) v O,"ié

(@@T&«J/@»f/} > Fxxeb ! -
i) 7 Gndilnie nborved e &< (LT, RE)) as wellas (LG, RED)

PR."“ !

Wea K ;nl‘uaﬁahn 01(3 C'I;_.: — P\g_f‘zo&t [f\.z ((fﬂnmﬂt ﬁ( fhe 3}_2:2.6'
‘___i-—-—l If we rcf»ewt (e expufmmf e times with T Some Uakison O,
nd Gompule fhe inberved (LC%), R(%) ) €ach Gime , Fism
e :
— i g “Aao(,'-x)z Oﬁ@ﬂlh‘mslr%,ub'r‘fﬁe(m,f‘a)'
=4

Strong .‘nﬁe_r'@fefahm c'{ C.T. 2 —> Repeal the excperimant for posti "é &— 2 O«
Tf we ase B remdon inbeeved tn o (u,; = 3 4 M wih

: g H, H PS@&% %—&—Mt &’s, Hum -
L e "t (1-%) oft fhs limes, Roply, we St (e, i) T Gaghie s

—r . > 6 ‘ P
91 Q‘L 93 e“ 95 % e o
7 Je |'?(9 611 . H -
ReaSon ! Le/‘)/;:: 5| °, ’ﬁféer w bawe Ia—] h{-‘a-iﬁv"
- fhe ; h‘.’& s .."W = }/) are TID B—%‘fnwﬁfA[f’) V.
P P%C&Jér}j—:,,_d Z;&'f
¢ So E[};] ~ F S e

= Witne 4 iy)} P ECYT = 4-=
’:n

Nn—>=ns»

i
Pf‘aporh"" ‘-'{
Tnlevveds (hat (a{)rﬂc
e 93’ s

L 2 ?qu[ol__/\éﬂ" o(cf»no/m L(/nkmwn‘laara/m*cn{




@ﬁ/\a l’%e/’lwplfz Pvols <

Y‘L\{gt"‘- o rafwb‘m Variable a—{ /‘eu .,Porm 9(%,9) buju:z,’{
Fc)f Gou’/a\ 6:’ ?(&'/ﬁ) g Wmofw “m (9 -

Sl?/ﬂfﬁ L . S , %, ITTD J(’[//,o"‘) r-v-

Séﬁlh‘m: M-, ‘&'Ml L%R ST &[}_(/(R): A~
X - p o 40 X~ Nl et)

Pivd ¢
e/~ Py T o sz.N’(ol.)
: X-R x—/J E-L\_ 4 Lt e '
sa: B ( e e a/v’n) T aw i%‘/s?=°2“" o R=X+%¢ &
%—"m'-‘?x/z L*i"Zs.%,
Lt—f % /r—
- 110(/(/1,0—’*) rY, O uniGews — %P\—§+ "'( %) &4
Sd&h’w'. 0_0;3‘_8 ’&vol L3R ST P/U{L<,UCR) - !ﬁ '!“' -’T’
Prob: E=f v by o P(-b($) CWS ER))z e | Wb
Se: P x- R S R X-R et «
r( 7= S/n'(Zs/;)':A-“ o F/_ﬁ thﬁ(/b)
xS-L = CV\—I ("/&)
gﬂr /Vn
] : Z 3 I 8 ~ _Z 99(
———g—— 1, L LTD //ﬂ'”-‘”‘\k"'&a) nS 30 L’V_:i £ for
: = CLT : > R lRaa. o 78 T
S-rethm; Paks B = N(o1) %
= S/ nee 5
ZoRopus
T P (Ek  Ep Eol) v oy | .
S /vh S /ra s /v, Bk oF o
9/{; 3 r 7 n ~t
) l P » 18
Mﬁ X4, m, X TID J(’(/u/‘;-'() RV, P2 02 Known - {L =R for o5
i 2% * — 2. n-) —_
gﬁlhop‘ : 'P.\/of : L—%—- ~s rX"-‘ ; 0354.‘1" Pa.-;(L(U"YR) 24— g = Arn’:‘ (4 é)
K o) 82 L
. | ag o Tor ((———“";\Yl g R {(“‘ég‘ = X (-5
< 1) 5% = 'X:' (:_(_)
[ 559 - T

'\

<

Lirg) X2(%)

‘ ; X/]/u/ .Xy\ ITD B-Wﬂc)“ﬁa (P) r.wv. -_—) ‘i

i e P+ Ze [P () :
fae ol Lo f2= 2%
Shabion: Crvet l“ﬁ)/»\ s, RO —— N/ ) Gouf - Pl&<pep)=n- e
\}F e
Ry p( <PP<PL):4-< - — e
' 1 f " ‘/ v A-.,L N
=2y
_ >
4’ { ° -V' K. —~—
. X, . X, T7P vt 1&;7
s CLT
Siubion:  Pruot - za:/.;. e N(o,0> Goof . P, (L<OtCR) < -«
<  Saaf B A n kP Ll - ] Bzl ~-2 2 E-LIn
f‘(wm e ﬁéff? 2 ¢>ﬂ TR I
] r sl Zus L E-r)h £
(Eog )?

P\equ.‘u o

OL‘STr- él« }‘ ‘o

, ot known

o(ueg_gfpllftmv‘m@'

L: f—zg a—/f;
_ §R=§+g._: AT ___Cd
ke - P (®22g)

So P(—E; CZ<3q>

3
=

= A= o




) £5pple Gofdence b S

J:dﬂa. © Uf‘B

Wow Shy%k ghﬂfé /ﬁélhmf e danaSbmré
¥ maka

th. a S«‘;,‘ fT"“hh

once abeut it

o 5;,,.,/4& probloms s Gmpar~ 2/00M"- makce infirtme cbeul (Fa-rt), S

G-&) P

(Fmay oD (..,.,”"

&38| ‘

Sea'mg 1s X, -, Xa, TTD ‘P(/f, oet)
}'4, 7 . SR CX’(/{L, )

=l )/ (M,M,rz)uuknewr\

b E[57] + Qedetane
Ravuy o

L) = @-X/ (#-A) w Do R -0 St 4 (hamYSs
‘ +4.

° ;Vor:

hWoding =2
e prove et 1 ot 'Tim E-D-R o &-7)-lAA)
A i : (:- _ oy 2 ,.{};_.‘I'
% = 55 PVZ:Eﬂ ¢~z
Ry TR 5?" frtin {

° ClL&"lo zr‘zz"Q4Zz)
\’é-ii
L (E=7)—t+-+)
Vi
SRR s

Shcd,:

atn, -2) 8,
Je M2 = M
¥—-w—/\_1 s
W
No o) 9 TLY o TLY »(T-7)is

ELZ-7] = eH-elp) s 4412
Varff-fl \M[Z]HM[)]\—; =

g@cl,;

>
Sf& & W A Xb\‘,ﬂv‘-t (mm‘-;) S
B) Gt 5t peg gr. o xS
L e 4 'ﬁ 2 ~~ "44';‘1 '
40
Step & - = =
Ji—. V.ﬂ.M/ :Q (2}_7) lL §} T GO&Q: e‘ g:
{3 (""""”= i - p o ‘
2,550 Gy 1 o, ] ﬁs,n“’ f’;:‘ff.\f) =¢:(r)€' :
Xuy .
< X lst
S (F,7) L (shs) ye =

=) (E~'7)JL Sf.t

45 fumel® of ‘““‘f%f\fa’: ar



F;X-Y b 4 E szl

Sztcﬁ X.q/ ,K.‘ TID rv- wih (/4/0-1/ — L~(z )’) Z? " S +;1._;
22 Thiee .

fo - G TS i (1,0 Rz (X-7)+ 24 %*%

WJ(/’/’:, 25 02%) Unlbinaiin :
X— >/ 1, ( v&f‘ 8‘(”& (L</{',/i< R);

o Viver, -7)- V41 _ 5

Tat Sat
‘T\d:‘",t

’ ' EH-R [ E-T)-(H_Z-]-
I we prove that 2—:\?:; Nlo) , rhe- Pﬂ'./’w \f’-_-T“R ‘[_‘_i_ Z-p-L )
i "“2)"!/’4'/?.) D ;()()[O {) :-Z.{ v 1
| e ¢

S.A?. SL
| nNa hz_

&, z 4 o,l Z = /% ,P (") CLT
K s (M{o") S __;__,‘/ra 12;
> Epx, SFL R T B ) -

A NG TS gttt
(""»%‘;‘; h|‘*‘° “7“:-:4—
A A p _:\1 ';4-.
Xy, X 30 Bernendd (p) L2 (P -2 | P20, B
“éé V\‘!,”z_>,3° = AN i A
7 I g 7*- IID BQX‘M [&) ﬁ‘ ﬂ_ “i 2. R x(e‘_f")_‘_zg P4(1-&)+ ?,.(4-?;)
"LL & “_ 5 N
? y d (ﬁv P?,) W’fnown ? n;é Qa)r ?/,r (L<P &(R) A~
e tivet: i (P-p ) =~ (P-p)
o e = ;:-[14-#‘) 73 .‘I-’N J\f(o 1) bj CLT (W.E[},- F] = e[+ tx] f{lry‘)
-L"T:-‘ i &-;:_ ‘P«".?z, = Py —Pl

Vuftp‘ P] Voy {PJ-&V"’LFA]

R R s o
B T «Ebioan B

. - _ 4?
: S e g
| R R, s

‘ X 2.,




Sething 4.2

Conﬁdence interval for the ratio o /0 of variances of two normal dis-
tributions N (u,,07) and N(u;,0%).

We shall assume we have independent random
samples of sizes n; and n, from these distributions, and that y; and g, are unknown
From chapter 1, the quantities Y; = —"—‘—1)—’1 and Y,

('“U;”’ have chi-square distribu-
tions withn; — 1 and n, — 1 d.f. respect;vely, and so
Y2/(n2-1) _ s3/03
Y1/(ni-1)  si/of
has the F-distribution with n, — 1,n, — 1 degrees of freedom. Hence our pivot will be

stlof ~ Fny-1,m-1
n2-in;-1-
stioy

which has the F-distribution with n, — 1,n; — 1 degrees of freedom. We have

2/ 52
s5/05
1—(X=P[F1—a/2,nz—1.n1-1 < §3a? < Fajznp-1m- 1]

52 ol Sz
=P *Fi_apm-1m-1 < —3 <=5 *Fapn-1a-3
s3 o5 53

and so we find the confidence interval to be

,,777 EHC -

gl
's o -5
o LSO O 3 < =3 * Fapzmo-1m-1
2 2

; 3

Sometimes the fact that

Fl—a/Z,n_»—l.m—l i

is used in this ci.

Far2mi-1,m2-1




Popilationin)

N(p, 0% (or any
population if n is large
(= 25)) with o2 known.

N(u, o?) with both g and
o? unknown

Bin(p) (large sample
case(n = 25)).
p=x/nq=1-p

N(u, 0?) with both u and
02 unknown

N(py, 07f) and N(pz, 07)
(or any populations
provided n, and n, are
large (= 25)), where o} and
o are known.

N(py, 07) and N (u, 07),
where o} and o7 are
unknown, but we assume
ol = 03.

Bin(p,) and Bin(p,) (large
sample case-both

ny, Ny = 25)
pr=xi/n,q1=1-p
P2=X2/N2G42=1- P2

N(py, o) and N(pa, 03),
where y, and u, are
unknown.

Totest

Hy @ pt = o
Hy:pu# o
(1 > po)
(1 < o)

same as above

Hy:p=po
Hy:p# po
(p > po)
(p < po)
Hy:0?%=o0f
Hy:0%+ 0}
(02> 0d)
(6% < 0F)

Hy: py — p2 = Do

H):p —pp # Dy
(1) = p2 > Dy)
(uy = p2 < Do)

same as above

Ho:p1—p2=Do
Hy:py—p2+ Do
(p1 — p2 > Do)
(p1— p2 < Do)

Hy:0% =02

H, : 0} + o}
(o> ad)
(of <o)

calculate

and reject Hy

(1 — &) ¥ 100% Confidence Interval

Solina at level « if
Z=§;v'n X - 2appgm <H<X+2aprm
If n is large, then o may be |z| > z4;» If n is large, then o may be replaced
replaced by s. (Z2:>:Zx) by s.
(z < -z4)
X— - s - s
t= s_/% X —tapn-1773 <H <X +lapn-175
[t] > tajan-1
(t > tan-1)
(t < —tan-1)
z= ;Oqo ﬁ—Za/zﬂé’? <SPS f)+2a/2\/%q
I 1Z] > zap2
(z > zy)
(z < -2q)
xz = (n-1s? (n-1)s? <o?< n-1)s?
o] 2 2 2 Xaj2m-1 Xi-a/2,n-1
X 2> Xu/%,n—l or < Xi-a/2,n-1
(X >Xg(,n—l)
(X% < X{-am-1)
g oo o .
i x/a;cgg X1 — X2 — Zajp2 %‘IL+%<H1—[J2<X|—
Yt [z] > zap2 . o? | of
If n; and n, are large, of and 07 (2 > z,) X2+ Zapp\|p + 7o
may be replaced by s? and s? (< ~23) If n; and n, are large, o7 and o7 may be

¢ = Xi=%-D
5 ,L+_
SPan ny 5 5
2 _ (y=Dsi+(np=1)s
where Sp= —1———4——2—1nl+n2_2
pi—-pPa—Do
BbDe, 4P Dy + 0
[par P20 i
z = A ny
Lot if Dy = 0,
M.;.é_q
Vrn ny
A XX
where p = S
o

v
i

[t] > tasz,mi+n,-2
(t>toyn +ny—2)
(t < —ta, M + Ny -2)

1z| > za/2
(2 >2Zx)
(z < —2zq)

F = Fa/Z,n.—l.nz—l
(F > Fa,n,—l.nz—l)
do not reject

Take pop'n 1 to be that with the larger sample variance.

replaced by s and s3

o a I
X1 =X —bajzmem-2Sp[5; + 7 <H1—H2 <

-, i i1 1
Xy =X + tappmim-25py 7y + 75

Pr P2 2oy BB v BB < p, —p, <
1 2
Pr— Do+ zapBi + B2

PRl
52 Falzm—tmg-1 o3 52 af2n—-1m -1

11 samples are assumed randomly drawn. In the two-population scenarios 5,6,7,and 8, the two samples are assumed independent of each other.




2.1. METHODS OF ESTIMATION. 19
2.1.2 Method of Moments.

This method is based on the strong law of large numbers: if X;, X, X3, ... is a sequence
of i.i.d. random variables with finite kth moment y; = E(X k), then

Xk — p, asn — oo,
1

S|+

n
i=

Thus if Xy, - - -, X, is a random sample and n is large, and if we put

then we have
my = [,l,’(, |

The method of moments consists of solving as many of the equations
my = IJ;'U k = L

starting with the case k = 1, as are necessary to identify the unknown parameters.

Example. Suppose X, - -+, X, is a random sample from an exponential distribution
with mean 0. Then y; = @ and m,; = X, so the moment estimator is 0 = X.

Example. Find the moment estimator of € given a random sample X, ..., X, from the
Bernoulli distribution

P[X=0]=1-60, P[X=1]=6.

Solution. we have m; = + S| X; = X and p| = EX = 6, so the moment estimator of
0 is X.

Example. Suppose Xi,---,X, is a random sample from a gamma distribution with
parameters « and B. Find moment estimators of « and B.

Solution. We have y; = o and p; = E(X?) = Var(X) + (EX)? = af? + «?B>. Hence
m; = B and m, = oB?(1 + o). Solving these two equations for & and B, we find

2 2
mj s~ My —mj
p=—"—7.

X =

mz—mf' m




