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30.1 UIg-T

e BT e ufaesl Jevll & R R HAfe 3 faQwdret (@& dteon) &1
I HRAT Bl © | U WIaEgad g+ Y Ufaael ¥ S el & Ydhe s
DI AT Bl & AT I 9 Ufdesl & Ush AiRZe fagelvor & &4
e & aR # =y e o @ effa fMara )| s ufhan
IR ®HT 3@%@[ (statistical inference) TEATH ¥ |

BN AT &I UBR &I FHRAN 3Tl © | Ugell, A & RO el &
IR H FAR U BIg W G UG T8l 81, [y wu ¥ deq H Gdg urhell &
IR H, AT 9T YTl b bl Bl YT B DI JMaeIDhAT 8T | I8 qHT
MBS (estimation) @ T TR, UEel & IR H OB a1 AT D
IRGATIHS A IUART & Adhd &, dAT I8 Sird dRA DI MaIdhdl &l fh
gferest §RT UeH & MR GAT @ MR W IE URGeu fh HMT d@
R B Ahd! § | I8 FART URGAT Sifd B AT AfEmar Bl e
TR B B | U 3HIS H MPod W Ford a1 Q| 569 vy ) T8 |
IR PR & I Y, UR9 H ‘IS 3Mhad] (estimators) & O BT UR=Y
ST AT B, ST ST, FIAAT R S&a1 & | 37 01 BT I S & 913,
BB & HAWLI  (asymptotic) OI & 1T UG HAR 19 AAHEDT
(Cramer Rao Inequality) & UR=I FRIAT AT 2 | 39 SHIS & AfAH IT—3MJa
H, 3Mbedl & “HASIH AN (best guess)’ AT T Al DI FEiRT B &
oy e @ fafdat o1 afafera faar mar 2

30.2 M- ®I IFId  (Theory Of Estimation)

AM ST fh AR 9T U oR x WR US AG8d Uiiael x4, xo, ... X, 8, (o7
THte g H U I UTdel 0 g © | Iaael A1 & MR R 0 BT et
S BRA DI MDA & | I8 Aol &l =—faferai | fbar S & (i) 65
MBI, 3R (i) TARTA B |

fdg e (Point estimation) H, MTHICTd A Bl U 3fdel F&ATHD AN §I
e <mar 8, < ufaeel vevn (@1 sffdsi) BT U Bod 8T €| I8 Bard
TUdh 3deAD (estimator)” HEA &, Hifd fdg MhaT Udh GIHSG A9 &
g, SV SH® W &I FARE UM & A HIF B AT FUIK 89 Bl AT
P ©| Uaaad FfE & BRU AMREA B HE AET AR & T | 59
HAS B G P @ o, O JRIAl Bl AT Bl ST § TAT Ig &Il
o ST © o gAfte uree & 9 919, d19 Sy, 95% a1 99% fawaradr
TR TR 39 IR & 3fex & Rerd B |

JIARTA AMbed’ H, Ufdest dFf & MR W 3T IR & ITAN §RT Uh
JfaRTe (interval) 3ffAdpfera far Siar &, e e td Uad & 9 919 &
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Rerd &M @1 gmem el € | I8 3faRTed favanadr (confidence) 3faRTe HEardr
2 dUT 39 AN Bl Ffde & & fog o IRml &1 SuarT fdar siar 2 9
(observations) @ WTT SIS UTHel & MMhel BT &, AU AN fIgd w7 4
Al B W Ud, AU WA FHRE (parameter space) d1 GROT & IR H =l
N |

30.2.1 T FARE (Parameter Space)

3T, p. d. £f(x, 0) & AT TH AIGGDH =R (random variable) x TR IR & |
BT AMT YA H, JeIfd F3d Fel, FAE de T Hed (functional)
w0 UR&foud fHar SIem & & 91d & dda {8 A= Ur=d(dl) 0 & AFl Bl
BIed gU, Sl fdl Tz (set) WR PIS W A9 of AHAT © | 9 d2F & p.d.f.
Dl f(x, 0), 0O B wU H forgdx g fHar Sar 2| G9=9d 0 S 0 & |
A AFL B G 7, UHEe gate’ HEl ol 2 U Rafd 7 $ad e
IRl §¢d U @Rdl &, diid UTi¥edl deHl &1 U ®dl (family) Ua™
BT 7, O 89 {fix, 0), 0@} & ®U H for@d 2| Serexome, afd X~ N (u,67)
g, A Uraet S @ = {(1, 6% ) —o<pu<ow;0<c< oo} B |

6’= 1 forg, WRiear gl & 59 |l Bl {N (u, 1); pe O}, ERT Ya fba

SITET ®, S8l @ = {: — o0 < p <oo} B IR 3 dTell =i #, &7 dedi & Uh
YD BGA {f(x; 01, 0z, ..., 0): 0:€0,i=1,2, ..., k} T AR &7 |

ISV UIRIBAT AT f(x; 01, Oz, ... , O) & W, Uh FHC | A9 'n' & TH
AgRed Uel xi, o, ... xo W [TAR BINY, ST 04, 0z ... , O, JATT FHRE
rgel 21 dd, difdbs dead didl ufagel 9 & ded e uRfid wwm #
T B, RN U a1 e Ul @ ofdedl & ®U § URarfdd fear o
AT 2 |

YOC:, SISGAH 3l 98 BT ST Mdfeld fhy S dTet Uil & 9 A1 &
Aeead BFT| R oIl ¥, 99 3ffes @I, @1 ded ued & 9 99 &
JATAHG STaT Fdhcad ®U ¥ dfvad &Rl 7, SSad 3Mdhed AT ST Adhd]
2| 3, IWiad R #, el @l #diferes TR &1 FefoiRad wu 4 gia
fpar ST e @

gq fa=ferlRad ufget Jeror & womi &1 aiRa oxar aea &

Ti= él (X1, X2, ... , Xn), T2= éz(x1, X2y ee s Xn)y oen s Tk=ék (X1, X2, ... s xn),ﬂﬂ%ﬁ gdh

g Urdl b 9 A9 b I a1 Adedd wu 9 dfgd & Adhdl ©
dfved 8| dd, 3MMheld B dTel Bol-l bl ‘3Mdheld’ el Sidl ¢ |




30.3 JMMBIhl B AMNAIOIE (Characteristics OF

Estimators)

U 3T AHeAd & [of¢ {B ey (GRS $9 USR8 (i) SFH=adI, (i)

AT (iii) €&, 3R (iv) TATAdT | 3@, 8F 39 UGl Bl HeU H Yh—Udh BB

T PN |

30.3.1 IRy

Ud sbels (T,) Tdel 0BT b SRS 3fbeld il € Al 3R dae Il

E(T)=0.%)

3R Jdhed § Fifs E(X)=p 2|

qe: afe E(1)>y(0)8, @1 T, & g AfEa B8l ST € dr afg

E(T)<7(0), & < 390 FeoncHda: SR e orar 8, sidfe iy @t A

b(e)®r b(0)=E(T,)-y(0).0c@gRT fear Sirer |

M 3R AT BBl & HE IaTevvl =Tl o:

1) AT X &7 UrFell n R 0 & AT TS fgug ded g, al <uisy f&b 4 &t
yfcreet U fwsrﬁrfﬁﬂﬁm‘cﬁ%‘l

afe E(X)=n6, 8, @ E(Ej:lE(X)zlnezé? 2

n n n
3T 0, BT X/n U MM 3MHAD ¢ |

2) IfT §? aRMT RO o2 & A1 U URfAT wafle & argfsd ufiee
T U B, A E(S?)=c"R |

Syufr: aRHTT g1 E(SZ):E{
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TR (%) Udh URMT FAfe & UARYT &1 Ush A MMdheld &, W I8 Uh
R e & YAROIT &1 Ud MR fdbadd 8l © aor e «ff Refa #
o BT S TP MM MHeId el © | SJAMAAdl bl AHeddT & d1el BfoArgar
AT (JST §8) © | I8 U1 Boadd WUIRYIl & fHd 8 Fhdl © AR] el
B | i AR 9 BT ¢ U MMAT Mbeid 2, A Ig 3MaWH el 2 b
®(0) 1 w(p) Th SFRFT Mherd 8T | IHRATAT B Ghea T B AT TS
Th 3 HfeAE I8 & fh AR Mbetd 3Maad wU I 3ffgd T8l 8 © |
MM a8 I[OT &, S uRMT 'n' & 1 ST BIaT (AEAiford) B Ud Sffder
T =T(x,X,,..x,), 7(0)®1 T SFRAT Aot BeT ST &, I TN He®
@ forw E(T,)=y(0), 81T 21

30.3.2 T

U e ATheAd Bl U dIo-id 0T g & (P Sia—oid Uiigel & A9 g8
Bl Y, d9—a9 39d! URYEdT H gig BRIl S @1fey | ferlq ufesl @l
19 # gfg & AT MHad & Uad & Hde A B YT Bl T |

Y n' B Ub AIgRod ufaesl W SmEnRa ve smbed T =T(x,x,...X, )
urael wAfe (0),0e®, BT W (Consistent) 3AMbeid bel ST 2, I T,
uiRieT § y(6) 9 ARG (converges) BT B, 31 o n—oo T4 IS
TP—y(0) 2 g vt # y(0) @1 T, v wra amoasd 8, dfe udid
£>0,7>0, & fIY &=THEG YUITd n>mle,n)®T RaE &, arfes
PUTn—y(9X<8]—>IGITs[ n—)oo—>PUTn—7/(9)<8]>1—7];Vn2m,Glﬁ n @ m
$Is 980 9T A © |

A afe X, X,,. X, uRfa "ea E(X,)=p <o, qrer ve qafe J frmm w
argfee fest €, d REFf (Khinchin) & S W1l & HHAGR 99 (weak
law of large numbers) (WLLN) §IRT 5 UTWI HXd g &

X, :lZn:x[ —>E(Xi):,u,as n—>0.
nio

o, ufeeet " (X, ) wda €1 wwfe A &1 U |a sdherd e ¢ |

e, FadT yfdest A19 ' & AfAREd wu ¥ 98 "H @ fog @i o«
n — o) U& MEHAd & AdeR d Faed b o7 2| uRfAd n' & forg swa
FAER & R H R el aral ol © |

g B, T 7 AT () & Th FIT 3Mbedd T, T ARdd &, a T
JURMAT U ¥ 3P IMboidl &I I B W Ahdl 2| Serevuny,

T. = (n-a)/(n-b) 8, Tn = [1— (a/n))/ [1-(b/n)] B, ST&T T, — Taoy(0) B, S n — o g,
TqAT SHIBRY, a 3R b ® A=~ 791 & 1w, y(9) & forw T, o v 2|




AT @ gata yfaeer:
A TG 5 (T} 3MdHeD & Th ATHA 39 UBR ¢ & T4 €0 & forg,

i) BEo(T.) —>y(0) B, Sidn—o0zg|

ii) Vary(T,) 0%, Sldn >t |

T, y(0) &7 T, T AT AMHAD ¢ |
30.3.3 <Q&dr

Al §H 30 P AN 3MBAd] ddb &l AIHd G, d 9 U Ul & U A
NP T MBAB BT | p B foIU FIA MbeAd! & Uh g AT 8 ol
2 avad H, afe THId 8, A1 SeeRoned, T+a/y () 3R T {1+a/y ()}, W0
A B, STRf ‘@’ BIg 3R 'n' W Wad § a2l 'n' & y (n) Bls A Bl ¢ |
& ufcRaet arel sMdedl # § gAd w & o, gp afaRed fest @
AMATIHAT BRI 39 UBR, BH CIBREH (stochastic) SMFROT & <TT
WTnHRed AT (Convergence) & &% W ¥ faR &R Add &, 3Ifq &4
DI Ig AT 8 PR FHhd & b T D apRed ©u A y(0) # JfaRd g
=Y, AU T8 AT ART BR Fobdl © b 39 VA1 YA gl F HRAT A1 |
g QMUAT &M S9 WId MMbeddl ddb AT W Sl AR w™d |
g dfed 2 | U Rerfa # iffaRar @ daar @1 saueii §eq @
URRYT & (Il gIRT iad fBar Sige | aaedeiia UaReT & ‘avar' §RT a4
PR W, BH B8 IDhd 8 & y(0) BT T ASAH 3Mbdd © A I§ WG R
TATT=IG: dfed § @I If avar (T) < avar (T°) €, T8 3T T 3R MR
AT et T° H/o A1 81 Fhdl ol |

SWIGd T Tl Ueb I, AJavdeiia JAme sfibs] T "<&l (efficient)”
HEATT © |

30.3.3.1 I 3D T IATHAD

A T U @ oy EId Mddd o R 3, U U fdhddd & IR B,
oIt afaaas URoT fhedl U 8 Jfdddd ¥ &H §, Al 98 '9dd Afed qer
(most efficient) 3HAD HEAT & | o1d HT HHI U MMdedd BT IR BIAT &,
I8 I AhaAd] B qeTdl (efficiency) Pl AU @& foIT UH PRI (criterion)
U Rl 2 |

IR IfS T, TRROT V, & A1 A9 I T8 3fdbeid & dAT T, U 31
MbeTd & FTABT UGRT V, &, d &l E = V4 /V, & ®©9 H aR9INT &1 Sl
2| Wed: E 3% (unity) & 1fId 81 8 Fhdl 81 IR Ty, Tay ..., To THT
y(0) @ 3MBAD & AT Var(T) FAAH &, A Ty, (i=1, 2, ... , n) DI E; = Var(T)/
Var(T) ® ®©0 § IRINT fHar S 8 | Wed: Ei<1,(i=1,2,...,n) 2|

231



argeee |iRkeye

232

30.3.3.2 AT YRRV AR 3Mbetd (MVUE)

Ifg A9 'n' & ufieel W IMEIRA U@ 3ffdST T=T(x1, xz, ... , x,) S UBR B b

iy I 00 B T, y(0) D forg T e & o

i) y(0) @ T AN AMEHAD! & G H SHADI =[AGH TR 8, A a9 T
Dly(9) B FATH YR JAMTA ATheld (minimum variane unbiased
estimator (MVUE) &gl ST 8 | & IRYE, y(6) & T MVUE & afs a1

0c® B foTU Ey(T)=y(0) & T I 0e® & foIU Vary(T) < Vary(T’) &, ST&f
y(6) BT T' BIS =T IHMNFT AMbAD 2 |

3TgY MVUE ¥ Heferd B8 dgcdqul GHAl &l =l o |

e U$h MVUE 39 31f # atfgdm grar 2 f afe vy ) @& forw Ty 3R T,
MVUE &, d Ti=T, 8T o fAf¥=d 8ar g |

o A MY b y(6) @ Ty 3R T, HHI: &I e 3R e, B AT AT
AMPBADH & TAAT p = py QM @ g1 H AgHeY UMd &, AT (eres) —
JA—en - e <pseen+ [ —en - epdam &

o ARy(H), 0c® BT T, T MVUE & TAT T, G&TT e = ey & A1 y(0) &I

DIS A AN Aheld o, Al Ty AR T, & drd AsAaY Uil Bl
p=1e §RT f&ar SI7ar &, srafq I 0@ & ol py=Vey B |

SQIERO: GOy 6 X U UM e & A1d & U gAdH  JaRl

ST 3Theld & |

Wﬁf(x):o_\/lge{x;ﬂj ; —o<x<oo @ oIy

3 zafory 1nf(x):—1nm/ﬂ—%(x_“j =

o
Ry ahlf@):L[ﬂj 2
ou o\ o

R x ST & a2 Var(i):a—z, g, gl 4 @ X Th gAdH TR
n
MM 3Theld ¢ |



afe V, 999 S T& AMbdAd & UERY © AT V Bl 3 3Mdhad &l
UROT B, T JMheAd &l QeTdT Bl %gﬁﬁwﬁwﬁmﬁﬁﬁmwﬁlw
v ded N(u,o? ), g 1y uftee #, gftreed A ol weRer < @
e S gmrmﬁé%m@:f;%wvwm

0_2
, o
—7zZ . ¥ o, WY @ gerdm = 2 :3:0.64. g o, Var(\Id) A
2n o s
71'7
2n

Var(x) BICT B | @, a4 @ 3Mdbed ¥ Al A 9 Afdd 3&1 2| Uh
TSt t, fTHADT UERVT @ & I 3ol & UHRUIN H YATH Bl B, =LA
TRV (MV) MHdAd HEAT © |

3034 Ugiear

& 3MdHeld fhdl Urad & oy gaia (Sufficient) daT oAl 7, afe 99 ufaest
# S9 UHd & Ady H 99 Mddd # wl gad Sfafde Bkft 2 «ifdw
IRYET:, AT To=T (x4, Xz, ... ;Xs) (AT UFIA 0 BT A0 'n' & I Gy
X1, X2 ... , Xn UR JMEIRT Udh Mbaid 7, NN g9@ fix, ) dTell A & 34
YR o a1 fdb (AT U T BT HIET G x4, Xz, ... , X0 YA 0 H WAH ¢,
qr o & fou T AT 3dheld 2 |

QINJBLCEE| b (ﬁ'q?f) (Factorization Theorem (Neyman)

sifdeT fAY gU UMael &1 U UAT AMhald © | 3T, I§ el & b 39 gRHm
& WM W oFEST T (factorization theorem) UR IR fham ST | 9
JhR, fbdl decq & forw wafa siies! WeR w31 & v 3mgwgs IR gafa
gfcee =99 (Neyman) §RT <F “TUFES YA §RT U fhar SIrdm & |

DU T = t(x) U 6 BT YA ATheld Bl @ Ala AR bddl Al AGRBD =R
& HYad de AT g9 Head L (A SITT) &7 L = go[t(x)]h(x) & w9 H Tad
frar ST wear B, wiEt (O fb gfad fear T R) glt(x)] dad 6 @R x W
fa B, T t(x) MR h(x) D AT 0H WA & |

Ae:

i) 39 910 P WL FHI oFT A1RY fh TP Wed 0 F WA © H gANT
a7 dadt I8 BT ® f6 gEH 0 Hag TE 2 fig e N Bar § %
mﬂﬁﬁeﬁﬁgﬁélddlswllﬁ, held f(x) = 1/2a; a—0 <x<a+90
3R <0 < 0 < o0, 0 TR AT 2|

i) 39 MR &u= fear SFr =1fev f uRfe ufoesl X = (X, Xo, ... ,X,) Aad
Th qaf Sffdber Bl 2 |
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ST Rt i) gCA1 BT TG AF AUSH FY I GATQ 3ifhs I WHR HIAT &, HIAT
(Koopman) &1 U B, NI L = L(x, 0) = g(x).h(0).exp{a(0) y (x)} R &
SITAT &, STef h(0) 3R a(0) dad UTdel 0 & Hald & a2l g(x) 3R y(x) dad
gfreel Uerol © oA 8| SWRIGd THIGRY URig ‘dedl & aX Hdier
FA' B FHUT B B, [oT9d Fa9 3A0d AWM ded, o fgus, @l
IR T, TS AT 3R URIROT & ¥, S |

iv) T 3fdhetd &1 faaar T
IfS Ut 0 & oIy T U 93T 3Mdhedd & ATy (t) Ub T BT Thd! Bl &,
Ay (O) B g v (o) Tl B 2|

v) eR—=¥9 e
TP SBST t= t4(x1, Xa, ... ,Xn) YTAA 0 BT U JATT MMBAD & Al 3R Hde

A uilfies werd (faeel &1 §gad p.d.f) &1 FrafaRad w0 3 <gad fdear
ST AT B

L= nf(xi,e)
i=1

=81 (tlt 9) k(xlt X2y e Xn)
STET gi(ty, 0), MBS t BT p.d.f. & TAT k(x1, Xz, ... , Xa) DI UlTGT UeTo BT
TP Hhold 8, ol 08 oo 2 |

e _C?I'f\lrlQ ﬁ; w %fg ﬁ[ Sﬁ—‘h% t1(X1, X2, ... ,Xn) Eﬁ pdf (pmf) $\T Il
BRI ATIIRAT Bl 8, ST Fad o+t ax¥ol 8! 2l 2 |

T I+ 1

fewofl: %) sroM STR fau v e v 7 fored |
W) 39 P13 D (d H AT T STRI A 309 RN &7 Hea™ SIS |

1) 1dg 3l 3R AT ATl bl TR DI |

2) UdH 3T ATheld b ARl Bl qarsy |

234



3) X1, Xa, ... Xo U UG WARE N (u, 1) & foram a1 wa argfes ufaee
g | quigy b u2+1sz=lzn:xf,waﬂﬁ:ﬁw%|
0o

4) U@ ST ARY p dlell U YA FHe A9 5 & Udh Agfod ufaae
(X1, Xo, Xs, Xu, Xs) (BT T B p BT b &)+ & forg, F=faRaa
MBHId R AR HIfvu:

D)t = (Xs+ Xo+ Xs+ Xa+ Xs) / 5; 3R (i) o = (2X1 + Xo+ AX3) / 3.

A ST BINTT | R ¢4 3R t, AT 82 I8V b ¢ 3R tp, H STH 3MMbhold
PIF 2 AT HROT 9 ST |

5) A AT fh p.d.f f(x.0)=0x""; 0<x<1, 0>0 dTell UH FHe ¥ foram
E AgREd ufied X, Xo, ... ,Xn§IWﬁ5t1=ﬁXi,6$mW

=

30.4 HER-T AP

I8 Sird dxd @ forg b @1 v fAu gU SMRd afibeld &1 gAdH W
THRY B, AT T I8 Uh ~FAqH UERUT AN ATheld (S SSqH el
Mt Wl wEdm B) B, A1 WA 0 @ MM Mdhddd (0) & YR B

PRI STAMA®T BT AT HIAT AT
1

nEKaln f(x))z
00
STEl, x WX f(x) GARE T &7 A9 € TAT n Ulaee A9 € | 39 H¥R rAHaT o

ga fAmfeRad gRomy wR ugerd &
afy (6) wraat 0 &7 TE SR TFEd B R

Var((:))z
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Var(@): 1 5 2 |
(alnf(x)”
nk
[ 00
ar 0 @1 (6) va crfa onees ¥ AE R B ug 0 B AR ¥ a8 qa 1(0)

Uhs BT 2, ol Ufdesl gRT UeH &l Ol 2| 39 YR, YRV fSTd=1 Biel
BT, A &1 31 EeT gferd gl |

HR-—1q ffw frfafad uRaeumrst @& wrr o] 8t 8, S dR @
3T @ fory Fafidar uftey (regularity conditions) HEETT &:

i) UTae GHfte @ IRAfdd T R (<0, 00) TR U IIfASIA (non-degenerale)
faga afa_Tet 2 |

i) T I X = (X1, X, ... ,Xn), AR T 00 B TG, %f(x,e)fmeﬁ%aa
2, IRV A=, I DIS &, 0 | WaF 2 |

iiiy FHHAT BT IRIR U 0 I Wad 7, N f (x, 0) GHhd e B
T TahaT B |

iv) \HTHEl B UHTAN AMFRY (uniform convergence) & Ufidy A< BId
g, forasr 9Atd e fa (integral Sign) & 3fAd 3raderd AT 2 |

v) L(@):Eﬁ%logf(x,e)” B IR T T IE W 6e® B fory

AP ¢ |

¥(0) BT T IFAMET 3Mdherd, s forlg dv—=ma@ 71 9Rag (lower bound)
Tl & ST &, U <AdH JaRYT UReg (MVB) 3dhcld Heeldl & |

30.4.1 MVUE 3R <ihddTsoieF (MVUE and Blackwellisation)

DHIR-T HBT B I8 A B B Udb ddb-ld Iad Rl § (b T
MM e Y MVUE 1 © a1 981 | Isl, Hife Fafiaar uiee 9gd
TR ©, Sy SHBT SUANT 98d AT I8 Sl & | AT 8 MVB 3dhald
qg 98l € S MVUE 3Mead &, il & dahdl & & | = aReag
|Qd W< T2l 81| g9 W g, Ife Frafaar gfaddl @1 Seeted gar 8, ar
REATH YT JHRUT $hiR—1d URIG H BA 8 FHdT ¢ | T dhs & IUANT
W, TH IFMTT bl ¥ MVUE U &_4 &1 U fAf 8| I8 ddeld Sl
&dhad (D. Blackwell) @ M TR @ibdalgole™ deardl 8| I8 uRem 4=
foRaa uwg # sidfdwe g, e 99 W3R @ (C.R. Rao) iR Il @iddel &I
e Smar & |




3042 R9-AHIA THI

A oY i X 3R Y A5R8® =R §9 UBR & b E(Y) = p 3R var (Y) = 62>
021 I8N AT AT FFE(Y | X=%x)=0¢ (x) 2] T4, i) E [p(x)] = p 3 (ii) var
[p(x)] < var (Y) B |

39 UPR, Nd—ddhdd YT BH U Afdbs & AIH ¥ MVUE U< R H
THT g9y B | Afe Bl urae & foU e qui| edddd T iRk ®, ar
MVUE &1 319+ W&o & foT¢ 89 319 &l S0 YA 3ifbs & Beldl db AIAd
PR Th 2 |

9 THY B HB U IR 4 A QU FFAR BUF < Fhd o

AM T 6 U = Uxy, o, ... , Xo) TTE p(0) BT U IHMEAT MMHad & AR
M NRIT 6 T = T(x1, %o, ... , x0) IS y(0) B TV g 3ffeber 2|

39 T 3ifdhs B e ¢ (T) R IR PIRY, SR o (T)=E(Y | T=1) % U
# oY forar mar 8, S 0 & @ad © (@®ife y(0) D fow T walw g ) a9,
Eo(T) = Y(0) 3R var ¢ (T) < var (U) € |

9 gRUE &1 [Mfgaref € f& Ue SMfed amhad U 9 URY &xd 8Y, &4
T 3ifhs & TP Bl ¢ () B ¢ (T) = E(Y | T =1t) & ®U ¥ gR9IT -
S GUR @ Ghd | GIR MU AHAd U B Bl TE ddeid
ABAATZOIY (Blackwellisation) BEATH 8 | 3B SR, afe gaia ffdsT T
A ot g, 1 SWiad afdd Mdhad o(T) 7 dadt U TR GYRT 83T 3Mbeld aITY,
Mg "eread (ifgdia)” bt BT |

30.5 ST T (Asymptotic Properties)

I Ieoe Ay Rigia @ wuel WiRkerd! @ fedd= A1 ATdhefdl & IoN
IR WiRegda uRTT (tests) PI THASH & [Ty TH HHAID & w0 H I8 Ul
RIgId W ®i~ad BT| I8 IGd H ATherd] & 39 O &I == & A 8l
STl 8, S gfiesl #19 & 98d g9l 8 UR A I8 ©, AA dbdl & S
TN BT A BT, D U limit 7 — o0 8| 39 W8 H 39 TR &
o7 foIY o ® &

30.5.1 3IMEfASIaar (Unbiasedness)

&9 0 B 0 BT A SHMAT SAPerd Ped & IS ydesl & el 8 W,

IJAT n — o BW W, SHS YARG A9 0 H JIWART g1 a9®
liE}CE(én):e ApeDl B T T B USRIT Bxan &1 AR I8 W L g, A

TH MDDl DI AT AT Phed ¢ |
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3052 HIddr (Consistency)

0 wirmar ¥ 0 3 aRIRT BT &, fY >0, forg, g9 fA=faRaa forg
Jhd B

tim Pr{[0—0] > & )=o0.

Ife 98 Ay B, o 89 98 W &g Ihd € fh 0 & U 6 Wd (Consistent) 2 |
AESHIAS WU H, g9@T 1 & & g =gaed (98d) F< ufdeel A & forg
uftrest oiffder 0 T @ & IXER BT & 9T B9 ST ) 9ad § f '
IS YTl & AT JF BT S & |

i, o9 ufceel A9 n €1 8, 99 89 AdeiRe wU I JHAREd 8 dahd o
% U AT Ml & T &I g Ffe B @ vie yg ffdse gres sreR
A HH BRI | SWIGd FHIGIOT H, AT § ad D T3 59 THR B AR
(convergence) WAFTIT: Ufdar H IMARAT FHEal g1 TIER H, A
frfaRed vafa gftdes & Qg 9, S 99RI9 UHT @ QR SUTEE E,
JERET IR T © b T T ATheld GId & AT o

afe Haa‘r((:)) U M SAThetch & ol ((3))—>0,\—rrsrn—>oo,%‘,a>reav‘r
(@))Q‘cﬁ AT 3Teheld BT 2 |

SSTER: S9IEY & vah yam= dAfte & Ua agfesd ufied & fag, o @1

yfaes! YR S? U G 3MTheld ¢ |

afe U IR TR o arell e STuRfAa wHfe | foy 17 U agfes
yferaet o1 wfreel weRer $28 ot g1 E(S?)=0 <t W §|

bl L Sl

| n—1%3

E(SZ)Zﬁ{ZO'Z —n%z} =0’ ¥

e SWIad aRUT 39 T & HRO U 537 B fb E{(X, - u)f =0’ & &R
E{(,u—)_()z}zaz/nﬁl
a9 ARds ¥ Ry B 52 ouRfE wafe & RO (07) BT T o

3Mbheld o | I8 URMAT Fafe & YR &I U SR 3Mbeld -l & aol
370 Ol N Rafd & & &1 S U ST 3betd -T2l 2 |



Fife o’ BT S? TP AT 3MMbold &, AU 31T Ig ST X8 ol & &
S n—oo, T8 VarS® >0 2| 89 S0 &xd & b Th IMERT Jafe I Uh

Tefo® T Varsz=2il 3| SO Frepd Froer & f5 9 1o d, T
.

VarS* >0 8 927 39 YoR, g9 <91 fear 2 fb ufdesl wror s2 ve game
JARE & TR 62. 6] Udh A 3Mhold ¢ |

30.5.3 §c- H SIfYERUT TUT FHAULIG TGHIAT (Convergence in
Distribution and Asymptotic Normality)

g # IRV : GRS AR Z, BT U IHA ded # o ddd agfed =

ZH JfIRT BT & Ife fodll arafad 2z & foro f=faRaa ww &

Pr(Z, <z)>PZ<z)as n—>oo

3R] IRdd § 31ef § fb Z, ® ded BT PR Z B JMMHR & Fhcay dor AR
fepex BIaT SIraT 2 |

e yaEIEn: 39 9 T & fog, & @ed € 6 afe dwid ded

JaE dfed ®, J1iq Z~N(,u,02), g, d del ol § 6 Z, & b

T g g B 1 A Z ~N(0, 1) ©, T Zy BT Th a9 A D

AT §e Il § |

T, S99 Rafd & forw 99 91 &, 89 fA=faRaa dfded ura oxd &

Pi(Z, <2)= D(z) SEID(z) HFD TAH c.df. 2 |

P AT T 30 WK B B o1y, MY 719 of b Xo, Xo, . . ., Xy Th de-

q 9, WE(X)=p3ﬁ'\’Var(X)—G2§ wwﬂaaﬁ?wmm

9T 2| 9, 89 Py Adhd & b Z, =
0'\/_

4N SR —9 s deq #

STIART BT el BT B |

eSS w0 H, 3961 31 2 & IfT TR U 71 p 3R AFS faae o @
Uh FHftE B TqT & SHH 9 URRIUS & A1 93 Ufeel o € | (U3 n > 30),
a1 ufdesl Al &1 deqd Ifee yaEa: dfed BN s9e 91 B, s
gfirewil &1 Al [Yul At & A & AfTdc SRIER 81 |

30.6 3MPH @I AT (Methods Of Estimation)

S B DTS UTee, SareRvmed WHie U (p) AT FHfte weg (u), R g g,
T 3ifeH Ite I BT ¥ U U WA R UgA 9GS 99 UEd & 9
HE Bl FSdd w0 A FHUd B | 39 ST Bl U HRA & foru, Ui wven
DI BT B H TH Ufreel &1 START fHar SIam ® dif I8 6 urad
& 39 I AM & 7Y UH 3e8T AN I8 | 39 s H, Adad dI A
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AR W eI dfvad &, S A & AfdHad FHIEHT, ATl &l Ardigd [
3R Tif¥re <A o |
30.6.1 JIfBHTH HATTAT (ML)

HTH AT (Maximum Likelihood) (ML) 3TSITd U 0 & foTU Tdheld @l
AT B H IUIART B ST arell Jad 31 gga 9y g | ufieel & a8 8
o1 Rerfar ®, I8 = Uraed BT U SAH 3MMbold UG HRAl & | 39 Aheur
P FHS @ [oTY, Y AM of & AgRED TR Xj,....., X, Tb g f(x[) I
forar ar v arglRed Ufcesl g d €1 W 8l xi,...x, B WU D GAD Yferd
argfed gfaesl @ foIg 89 f(x,...x.[0) = f(x4l0) - - f(x,|0) foRaT B | 39 BT Bl
L) & ®U § Fad fHa1 SIrar & 91 $9 F9EaH T B (likelihood function) @&l
ST B, TR U8 Uh Hgad O Held Blal 8, I f(x0) Ud p.d.f T qer
FITAT Held T WIad Ul & wY § Idrl Sff Gahdl 8, dfs f(x|0) TP p.
mf g

TETHE & H, x4,...x,, D bral UET sifwel & forg, 1 0 & T W A9 W
faaR &= B s fore AW wete L(0) JMfSrdhad & dem sxifely 9 &l
A S 37T Ul 0 P 3Mbeld & WU H BRI BT | add §, g7 37ef 2
& &9 Uraet g9 X2 & T 9T 8Y 3ifdel W 3MdHad ST UaH &l |

39 R 7 &9 AGRES =RI Xy,...., X, @ AR U DIy WAHD AF FHfE
el &, d9 ML (I&ddH FHIEaHT) Held 86 n @RI &1 Uh Hord Jad H, o
W B SMOdHdH H9IEAT ATheld 6 HET ST | URd, W&AHD HFl D
qrEIfdd 3ifbs SUE 8 @ Rfd # 39 Mbdd &l Ueh A9y I=arcde
T BT AT 39 ST GITIAT 3fThold bhal ST |

JUTEAT BT BT w9 QAT Y87 R, 39! BT HRAT ST R B Aol
2| 3T, 39 W B AfHAH BHRAT log L(O) BT ATHITH B & WA T,
TIfH log Th Ubfaed: THHM Beld & | o 89 U & & b

1(6) =log L(0) = 1ogf[ flx,lo)= Zn:log flx,lo)

TAT 6 B ATUET [(0) BT IMABAH B H SIHAH FHGT 3MbAd (MLE) Ul
BT |

30.6.2 SITEjPﬁ @ Adipd faf¥ (Generalized Method of Moments)
(GMM)

3MHed &1 I8 A e @l fdiead |vaT (ML) faffr & o1 %d © | GMA
o RIfT # WY de1 & IR H IREeuRN & SUANT & WIH W IS BE
=R & fARre amgol & IR # uRGeIRN &1 8 WA fhar S 7, 3reifq
e usi & ffd deq o eFaws IRGIRN ¥ 991 AT © | gAfely I8




T GMM 3MThad] BT AfHad F9aT ol e § gResfera {6y MU snawes
@ g H AfF g 97 <1 7 |

3IPT 3R 3ffdd I B & oy, 99 NU & foare= sffes T Ueon

,,,,,

IR axd € 6 I sifes veh AilRgs! dlsa ¥ FMad 8 € o Ua o=d
UTael 6 ddb URWING 8 e 89RT &I ded UTael 6, A9 ST $RT ¢ |

3 GMM & STIN & fou ue ufddg & wu # &H omegel ufoddi @
JNMATIHAT B, AT Y ARIT—AM B g(Y,0), @ T8 m(0o)= E[g(Y.,0)] = 0
2, T8l E U ad _dl & a7 Y, Udh SiIfa Geel (generic) Y& 7 |

AESHD W0, GMM BT JFFUANT HIAT ARG AN E[] BT Ffaesl a4
gferenfid & & sRER &

m(@)zézg(x,m

Tl TRUT 39 &oid @ - (norm) BT R[AGH BT 2, ST 3fd § & AN
AMEHAD 0. UG BT | I GMM Mbald HaURIgd: UM, HTd
AMBAD & I H I AfTH G& By SId 8 | DT ISUANT B & o1y, Jrgo!
JAMILIHAT el Bl & |

30.6.3 31w ~g=aq a7 (PLS)

3N ~I=idH a1 (Partial Least Squares) (PLS) fafer 3o & forg dd SuaRT
DI I B, 59 AT AT WL HRA Tl (GAH) AR D AT bl W Yo Bl
AT B oI H 9gd 991 Bl AT I WL B dlel TR Headd 8 g |
b I8 A wds R & @ B FH B <l 2, o favewor &
foT BAR U dadl |G =R € I8 A © | I8 Ud I Al ) srdsdefad
gChi Bl UFAM PRI H SUAN B! ©, Sl “H&I "ch (ATl (Principal
component analysis') " @ w9 H S STl € |

U 3Mdel- SPSS (Statistical Package for the Social Sciences) @I IS PLS &
SWANT gRT fby d &, Sl favelvor & fou wed sfd ggd wu 4 A
AlFedIR (Software) ® |

o’ geh [dTemur (PCA) g8 fafy 2, S &g ofiesi & wg=dl & faegan
(dimensionality) @1 =Rl & d¢ Tz Bl BIC Agead H HUART B qall & a1 IGH
RS g & Rl B A It e W o & 2|
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e T 1

femofl: &) g SR fRw U 9 e # ford |
W) 39 3PhIs D AT H AT T STRI A 3199 SR BT H™ SIS |

1) IMBADI & ST O BT qATSY AR IAD! =T BT |

2) EOMH® ©U H Haid A THT B T DI |

3) M <fivTe & eus ot e Rt & T oMY Ared & f& I8 3ified & |
3MI ¥ 3 dR IVleK & TAT 3P HHT U oed 2| faa sm @
yifdar & v ifSreas |AWTaHT sfbed (MLE) ®IT 27

@69—1
<x<
4) HM ARG £.(46)=1 27 B
0, otherwise
MLE for6.

@ A1 UPh g o U MU xq, ..., x, Wl AR AoaHd: dfed ufaest €1 0
@ foTT MLE STd $IfTY |

30.7 9RII

T 39 IHIS BN URY 3 3MbBoldl & IAeflOmd & a1 fhar qen iR
IR JAHBT & A9 W Tl MY | ATheIdl Bl b FHST I AT B4
& qI<, T8 TAT B MALID B TS F MFHAD @ o a9 f I B & 5
gfcrasl @ A9 9gd g€l 8 Il B 1 g9 YOI H ATheId] b IfAdIL T
AT, T, ded # AfAERYT iR FawRity yamga: Afferd € | efd
¥, e B ARl &1 ==l ol TS €, Sl AfShad AHTal, A0 DI ATID
fafer 3R 31ifres gAqH o7 & IWANT A Urael & A A1 BT SSAH ITFAN
Afmferd d B ARt & T el &




30.8 ITETdall

S A T
(Central Limit

Theorem)

DRI SAHDT
(Cramer-Rao

Inequality)

EITadr

(Consistency)

Q&dr  (Efficiency)

3rreit @
e Ry
(Generalized
Method of

Moments)

TETHd ®U H, 39T o) g8 © f It sr o
A 1 3R AFS fd9e o @ Yo FHfte § T7 89 89
FAfe § ¥ Ul & 91 99 Jgfed giiaas (U
n>30) oid ® df Ufaey ARAl @1 ded afded
AT §fed 81 |
afg y(0) BT t U M MbeAd §, ST Yraed 6 BT
UH Bl o, al

a 2

L(X,O)} T
Var(t)z{ae = [Y()]

E {8 logL} 10)
00

_dlfe 2
3R 1(0) = EH% log L(x, 9)} }

TRl 1 (0) Urael 0 W ey &, Sl gfiaeel gRT &1 Sl
2] TR wEl H, HWRIIg sMfAGEr y(0) & sEfAa

AMbAd & IR Dl Uh = uReg [YI((E;] ga™

Pl B |

¥0) BT T, UH FId ATHdAD =8, dfg IS

&> 0, 1> 0 oy T9T® qUNTd n > m(e, n) BT IRAA T,
GIED

P [Ta— v(0)| <e] = 1asn— o0 =>P[T,- v(0)| <e] > 1-
n; V n>m ST&f n &I ma’ﬁéa@@m%\rl

Y(0)PT T SISAH AThHeld (AT T 3MHdAd) & Ala T8
T & IR wH=Ia: §fed ®, IfS avar (T) < avar (T)
g, dIe A WA AT T MHedd T° B

AT 81|

GMM & Refd # I8 dgol ded & IR H gReeu-si
BT ITWNT B & WF R Iged @RI & f[ARifte
et & IR H UR®IST BT SUIRT Rl B | I,
g U1 GMM 3ATheAD] DI feHaH FATET DI (e A
aRafeld fHY Y herdl & qarT 3 s g a1
<l |
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IfHaH FHTGAT
(Maximum

Likelihood)

GATH TRIRT
AT MTHAD

(Minimum
Variance
Unbiased

Estimator)

ed 3fed e
ThcIdh (Most
Efficient

Estimator)

U gHe

(Parameter Space)

3R e i
(Partial Least

Squares)

gTar
(Sufficiency)

qE A U 0 & oI U bt I AT B
& FIY 3MOH gBd wU A SYANT B S+ drell iy
g | ufeel & a1 8 WR, I IfEd UrEd &1 Udh SaH
AMMEBeAd TS HRAl © | T&I 0 & ATUeT 1(8) BT IffdaH
YT 3fheldd (MLE)

1(0) =log L(0) = logﬁ rlx,|0)= Zn:log flx,lo)
TS R B |

Y(0) ®T T ~JATH YARUT I Mdherd & afe |l o
c® & g & Ey(T)=7(0) T 1 6© & foIU Vary(T)
< Vary(T*) 8, T8 Y(0) &1 T° Pl 31T AW Mbeld
=

IfS Ty URT V, & 1T AN 1fIh GeT bl & el
T, URT V, & <1 Ha9 3AfeId 3T Q8T bl ©, al
T, @1 G&IdT E @1 E = V4 /V, @ w4 § uR¥iva fear
SITdT | Wed:, E gdbls 9 3ffde =&l 8 Iadl 2| afe
Y(O)F Ty, Tz, ... , T FHI AMTHAD & AAT Var(T) AT
g A T, (=12 ..,n) @ &l E I E = Var(T)/
Var(T) @ w0 H RYING far Sar 81 wea: Ei<1, @
=1,2,...,n) & |

x @ pdf @I fix, 0), 00 d f fix, ) ® AT TP
AGFREH TR NG U ¥ fo7g 9ahd & | 9999, 5l 0 &
|1 AT BT WY 2, Urd | HEdl & |

9 fafr &1 SWART a9 fhar Sar 8, S a1 df W
IR T (@A) R B AT Sifdpst H Vv @
GEAT B AT H 95 el B AT Y W PR dlel =R
SESEIECEET

TS To=T (x1, Xz, ... ,Xn) UTAA 0 BT TH MPHeAD T, Sl
g9 f(x, 0) Tell FHE F AY 'n' & oy 0 U ufoest
R MIRT B, AP x4, X2, ... , Xo BT FUTET g T
U 0¥ a8, dl 0D oIy T oIl el ? |




30.9 3TAT WY & Sifg & SR AT Fabd

T g7 1

1) W7 302 W |
2) T 303 < |
3) U BHERx)=wv(x)=1Vi=1,2 ..,n &I 2|

JEE (x2) =v (xi) + {E(x)}2=1+ 12 B |
E<t>=EFiX?} liE(X?F li(l pP)=1+ 2 8|
n i n iz n o

4) B E(X)=p var (X2 =0" 8 (@ Nf0)

Cov (X, Y)=0(i#j=1,2,...,n)

i) E(t =§2E(Xi)=(1/5).5u:u=>uaﬂ t, U I STh A ¢ |

ii) E(t)=p=>u=0=>1=07%]|

v (t1) = [V(Xa)+ v(Xo)+ v(Xa)+ v(Xa)+ v(Xs)] /25 = 62/5 B |
v (t2) = [V(X)+ v(X2)] / 4+ v(Xa) =367 /2 B |

v (ts) = [4v(X:)+ v(X2)] /9 =5G"/9 (@®ifHr=0 )

FIfb v (t1) ATH 8, FAMTY p BT t, ASIH el 2 | (RAaH TR &
aref #)

5) ®el L(x, O)Zﬁf(xi,e)zenﬁ(x?'l)

0
=0 (Hxij -n;:g (t1,0). h (X1, Xa, ... ,Xn), (AT SAY).
i=1 (H Xij

31k, ST THT R, tr =] [ x;, 0 T T SThereh ¥ |

i=1

/T U 2

1) 9N 305 o |
2) W 3053 < |
3) "M eifole f fod urd @9 @1 ui¥iddr p ©1 99, HHT W 89 &
UIRIHAT p?(1 — p) © | JAdHAS ofF I I & aRER I@H R, p=(2/3) U
BT 2 |
n@cﬂ*l
0)=]]~=

4) L(x,...,xn
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0)=> (0 +(0—1)lnx, —On2)

i=1

lnL(xl,...,xn

n

0)= Z(%+lnxi —ln2j =0

ilnL(xl,...,xn
oo pn

+Zn:lnxi—nln 2=0

i=1

%)l S

=nln2—Zn:lnxi

i=l1

%)l S

n

nln2—zn: In x,

i=1

>

MLE —

30.10 3R U3
ge.1. 99 T fF e el aafte

1 1
f(X,e):;.m;—oo<x<oo,—oo<9<ooﬁwmm

X4, Xo, ... X, foram a1 8| Sita I f6 =m0 & forg fosd waia

bl BT I 2 |

SR, L(x, 0) = ﬁf(xi, 0) :Ln ﬁ{;} # g (t1, 0). h (X1,X2,...,Xn).

i=1 n .izl 1+(X'e)2

3 YOGS YA ¥, Ul DIs el 3ifbel T8l & ol 0 @ forg
T 81 WG L (x, 0) = ki (X, Xa, .. X, 0). ke(Xs, Xp, ... Xo) =  Gq0F
AT (X1, Xo, ..., Xa) 0 & G ®U & I & |

ged. 2. faar gan € b Rl & 4R A=y iR JF6 (&9 o & d1 JqM
Eﬁ%ﬁ%léﬁ?ﬁ'@%ﬁEﬁWS,QGﬁ?mGﬁﬂq(ounces)ﬁﬁq'\’,piﬁﬁﬂ
ATHTH FTET T 22

IR, U UATHRY §ed Bl p.d.f e~ (x-W?/20% ¥ | a1, B4

o+2n
1
o3 2753
PHRAT TS © | AGIUIDIY fachetol Mg 3R IH 0 b a-TeR IR\Y |
g3, ol 19 § U U Bami @) ARl BT Ue Wl §eq g | s
TCTE Y T Bdhl B AT 14, 27, 25, 3R 12 N | Ul A &
foTu, arfSrpad U 3ol URBeTd HIFTT |

e—(8-1)?/262—(9-n)? /262 -(10-p)? / 262 gy M P %'q 3ferHay




- - ATl
B ll4e A 1276 A

SR, FYIdAT el L(/1|14,27,25,12)=P(14,27,25,12|/1) =T o

/125671 112671 /1786741
251 120 14270802

AP AT AT 3R IH 0 P IRTER IRV |

T4 X, WRI 4 W Y9N dfed agfed W g,

XX _x
n

w BT INfABTH FHET MHAD & | I $9 el & oy MLE 3Hfd 87

S, IRX, A 43R IR 6”& A1 Udh JaHrd: dfed argfiad =R g,
ar E(Xi):,u 2, AiRVar(X,)=0’ 31

E()_():E(lin):%Z:E(X[):%Zy:%(n,u):,u 2

=

no i=l

31, 1T MLE 39T 2 |
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