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CERVEEY CETE

1 &3

Ay

nu\

4 Ay 0 1% Hello Kitty #4875 #97% > T-ELEVEN £ R BE 945589 %
F, ARG ERMFGED A28 — A g AMTF, SSwl0fE G
& BT RAF R A MR L ey s A R R, RGN LA YA
1R F HE4F, ER MBI PR — 47 . T-ELEVEN 2 R % 2 RAE R L K8
JE, REMAEHSST, £ AT . BHEE T I S5 K £ B A
— M@, A AR, R MP TR, AR ERL, FEAER
ZHEAARETAK HE , B A PE & Z Kk % A (classical coupon
collector’s problem), 42 & A — & A & B ey # F 43 B A . [ — Fad R
B, BARAT, RIGBEA EMEREIT, BT L7 —FHE5MH—
i, HITREF— .

H—REEZFEZARTG L LREFRE, #HA— R MFBELFF it
DK EETHRPDRELBERES, RRELTAF T, b8 . REAR
B b 48 IR A 2648, &5R5AY7 , “65ME7, Bt v f ol . YT KA BEAE! 4
A2 A — A S a9 A 1048, D ey 248, P EET K#43E4E , R
R348, A E16818, m ARk &g & ey ARV, — IR ¥ X 43 F 1248, 4o ik
18048 , o RARZARA24E, T3 A4 4 318, AI 12648, jv L1218 & £ 4Y,



13818 , A JE A 138218018 , " K #H Lk st RMTEK T — &,
R E14348

HAEMAFLBERAE, *RNETARNER, B F— MHEBEAR
B, FEEREE  AXIT27T01, A ¥R a0 K | BT RLRRS R
FOABASINRIEGER? FEM, BFFEE—F—FH  whaA]
EEA, MARERT —HRER, RER—F, FH B R, HIEE
FagFetart, 2B ALV E A, TAIES

AWmT % FaTA, REAART AL TR A TRARGYRD . RAE
s — MR, RMTHEFTAMEL  fE3 . R-MERAR, FtEY
EF, AR AR, Bty s, A AR BB R, &
BEE, -t AGTBFE . ALFERGEFELRTERKER, TAKEE
. AR GTHEEL , flde, B RFHTHEERAREGE, Z®HES
TAR , SR AEEFEAF, HRAMBLRE, AEAA R mwEF S, B
SHEEH EAR—AR A&, R AP | L tbde ot 3 F B F4E A RN,
A ERGENERAF REARFETA WBRADETHRA A
2RBEBG, &% EMAEFEAET Ao

1 B3+ FHFd R EFT | 2HRATHR,

2. B3 KB W ARE .

3. fEH B RHRI & R RAREHER X

4 3t — AR B REGGORE

5. 53 10RZEF Sea o .

BREFERABTIRES AR R, BRA L, @TRA R
LRl B ES TR ARG bR, R P - g% StHEach
B, Mttt 453R7 . — AR S A TR T M, 120-F15 5 153+ 64
W, BATHARE R Jodh Fi, X5 FERIR L, Praefht, REF
R G  A2 A AR RS FF O ERAA1004E 216015 5 M, &4
3, RmRIE S, REHA 5 MHeE, ARBEUE0, 7o EEX
B TR — B, B GAARBIGE A, P H R ERG



G E, BT FRTH  Blhe, R HEG B RIS E LM,
200348 A 18, FI AR TR GER T LR AR —X , L F
B, FAgAT R b K ® R SRR B B L S R 24, sk 5,
AHE RGBT % 150%, ik 54 B K4 & § 9 (International
Whaling Commission) 7 4% 3t 6910% 58 , 7% 4, # 4596 X % (Harvard
University)#) #4%, R 4a & THLR B e, PTIRaLay3¥ & m AR+, B8R
AR A%m AR BRAEMTE  HIELZE —FRAABBRR
R mARLIOEA , RTREG4: ey T EHRRELLEE? X
EFA AR A B A K E] 2 e BBC 4, 200656 A 198 &
— B B A AR SA L AR S AR 2w

AR RRIF TS, TR B AT A RBRRETR
R ZTE, B AEH S THRE . - AARMERELM
WG T EEEATFERBRORE, At —TF 54 .12
AEARBMBEF AL T WA FIRF, AMREGREE
HEQIEA . F B e 3L B YR R A B BLAE 2 AT KA S £ DNA,
He AU RE, WM Etwl Z0a REEREB TR
H 66 B A K AR 55, L1008k eh % T & v lods L ...

HMERXRIE TN A RIRER G RE RIEE, BAr P E A
Bl X #94 2500%] 3000 % ¥ £ K A 5% .

KM R FRTEH > BEDNAAGFRBE ST, g —EARE
s, REHEAGA KRB 2E, O KFZE . AR BHEER AR BIHGE
MR ELSARE R,

et ey ik %, RBRYASEI12A, 478 R M ey B34 F R &4,
S#mA Lanew AR . RS R LA KRN, B E—FPHBRMESE
FARMAFE Lanew TALH L L e 5 FMFAFREEE " . FHINE A
8IS — Bk, TG B EINE ey fE R R AT ET B F KD
B H R, WEAHEE, AARSETACTTHELERESR A, &y
THEZGBEAPREERG R, m EHERERGBRE . F TR



A, LT ARKAEZRRBENHE  2ERRAT, R Aw E— 2
B BIE, BT R B | Py, TRABESHRE S
BRI FIE, LT RE S T RIAZ R SE, Wb 3R E R E
MR —3, F TR, Lanew B R AR AR BISHEG6H28H,
BRGELLEREFREE, REARZFEFRE, Mg BRELB L4
8995378 A, 1E W B 30B 198 15 |, 3k — P agfh=t, &R Z EHEY

HAR R BF I, AMTHE BB ET o RRZATHEFRT A HRE,
BARJMAE R $A — ik, REFREFEGHFL, RERYWRAE, At
B, HEAATIFGAERE KRB ML, AR F P L,
FAR AT &8I+ SR (L2006 452 A 58 “HH R A7 M BB E) . 4o
frfEst, A, TARA BLLT L REW , 2452 RUAET, 483%
HOARIE, AR, MEFEHE, EFRARERARKTEARN  KFER
By TRR], HZY A ALAE, RH R AR | RGGIR R FIET R REF S ®
T3 &, FH4 64 9% 5 (Niels Bohr, 1885-1962, 19224 i 3¢ B iy 4 32 48 ) &
SRR, LEMARR”

wESTEREY ABHEKRRE Tk, LHFSANDHE
AR, “BRA A BATLE T e MNS, TRIGEEAE . BB LR B RE
Fees, R — A AKX L TR, 2B X H T — s 48 5 a5 ey FA ],
BTRATERT . BT 2RRA RSB F i FRATHA —£0%
Fo SReER K, B A — AR g M2 E AR R AT ESTT AR
TAT, AT AHEIF AT, TR RER , KA UEE B ST 153T,
wE A ET I .

2 —FEpKR KA A

RE954F-1 A Yahoo ff i3 b, A AJRR): “TF =A% A KA
AT, A ER RS T

AFas WHALR, RBAERT, BOLEAERERERE . 4
B AL A & 22,8007 . Sk A REH#E10,0007, #H R =k



& %2 0007, 4548 %4,00070, & 7&K %£4,00070, REHREEE00T, BT
A %2,0007T ,

B A0 AT RS A M AEAE ARG SR ER ABAE ST R T B BT &
TALERTIHAS, X B RAERERE, REWR22800L7 &foEg K
HREMZHRIINGE .

WA —RIHMARALE T BB ERBRF P EBER MIFEREMA
AT T &R . ARBEES, AERR, LEAHELFE, HTRMIIFA
AT ER, RALB AR, RIEATER . ZERFFLAHALE . EFX
HER, AR RKR, R RMHM, BRI, TRIAFFNFEH . KT L
PR AKEAGORE, ARXEHAEARERRE, ROFP LKL
ARRAE— , PATRHAE LB AR, FAELSRAL, SRl T
B . TR BA — e A RA R RETRTH R, e, H—4n
WA, RMF R GEY NS RFLLHBL  2HRTA, FEEE
FEHAIT AR, AR MELE T, TamEde Tt ,

B R T AL FIE] — BT fd T - 3l

VAN R, L— R Em R 2R R P kiR TZ
x,
RAERBRTA: BT — A, T e Ak AN, B8
N iy R R R T R AR ZBRGK; B o BF, LT R — N L B AR SR UK
THAR GBS T

AT BT — E Ha k7

B — X RHBRMEZR (28R EFRM, B —hkEFEZE,
R ZR, KEAGTRK ., #HER—RE, Bl —#RTHRM AL E
% fERT—EF, AR, LR EFATR TR, Sk
R EE  mREA TRE, 2FOEo R a%E S LR E
B, A RAKRT  HE, ARARERR, RN RESH —FE
K, AT —, TAEDNRAK $ER, ErF LA S, A TR AR
WA RAEEEWBRTEEHREDE, Aty T oy K HiEEa £,
AW KL, SRR TABBELST

iy



SRR, SAE S R A, B UM A F T, ANET
— ¥k BGREETED, ARET HMS . SRR, REBESFZ
AR o B E SR, WAMASG R, TES B LR INER B
A BT S Tk RBEGRBAT S By, B2 RE
HRRZH , 75, Hprstbstey &, 58— L FEGANR, C2ER, A
BB bt 2 RN | 2 fEFAAER G, 2 de AT SR AR R 45T, E
AZRT  REERLEER? A RMEK% —BIFLTH, REHTE
68325, —EEBR154, ITHKE? FARLZNH, BEHERA —
REATIERE RS M, iR £ 1,440k (1R 41,4404, F # — R B8 7 iE 5 0¥
M, AR R R BAT, AT HE . A, AA— Kk AATEL
A, A SRk, MR HBARE , TR T BN, RELZZRE ., T
A B EHT AT E, A RR SR,

T — 8 RAVERF, HIFefE, @AREE R,

3 fE3 I

B3 A — 4R, Tt € R RIE T Fp? THBLHR, R
1% A fa kb B2 0F B AN, 2R3 VA 48 # 9B % (relative frequency) R fE
Fp . RmARA A FEG, ROF AR TE HEZRTRAMR
R AR EE Tk,

R EMAES, RAVEE MM T — A% . & AR, AR
HAEGEERZAAR, RTREA B BIEGKE T E 4R, G K H
RO TR RIS — T2 A3, LR AR, R R R B A
I, e RE B FLVRIFHE G, AERAR R, dedbnk TR, R AnEE
@, hANER & , B Hp2E3t, RE21X0, SHEBATIT .,

BT A EHIRA AR, A3 R E R A X B Ep, #T A% A
AR REG T ETRTRARS TRGER, RN THTHE
Roamm#, L—AF BB FHHEAREALER), L 2R FMHZ
SREHBARBARG)  BANKIE, BAFEA & RZH BB F48
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A, ERFERG BT F, H IR ESF, ARAR B R EG , SHEH—
%8, A — B4 R AE T, 1245 B 4% 3 (point estimation) , A Xy, -, X,
SR RERABRIFZER, AP X =10, AR FIRAER, 2 FH 4L
ABEA =1, n ARATEF®, Xy, Xn B RE LB L ALA LR
4 (independent and identically distributed, f§#%iid), L. P(X; =1) = p,
PX;=0)=1—-p, &t1@EsX, -, X, &iid, @405 — aREHEK
A (random sample) |

HTX, -, Xy, defT4E3p? A4k A T35 (sample mean)! Bp 24
— 1

Ftbdtp , Xyt A Xn B BRI, RFZE@E , B, AR
MTHEF LT AX fh3tpH AR LG ER? HARP(X; =1) =p,

E(X;))=0-(1-p)+1-p=p, 1<i<n,
¥ AF

B(X,) = E(%(X1+---~I—Xn))

= B e+ ) = 2L =

Bpp2 A3t B X 0 AL B .

#— S ROMAET B, AR B X, -, X, AN — @85, (T,
#5 & & 3t & (statistic), B 2k fafE 3t 0F, A543t & (estimator)) R 4% 36,
i R T B AEE(T,), %3P s At 3t 6 %30, B E(T,) = 0, 81T, 1 4%
%02 1 e 4% 3 & (unbiased estimator), fif#% & A e . &bk, F 2
W pEE R, AW L MR AAA BB D, M A S,
A REASAE, A5 3T A A3 7 T R AE T UL AT, @ A JRAR ) B £ AR 6 R4,
T m T, MR TR R E, BFEE(T,) £ 0, T84
BOZ — 4 43 E



&R S AR FpfE3t & .

FHA G, TR EpZ A, T EE R
X2)/2, 0.2X5 + 0.3X3 + 05X %, % Apz T lafbit % .

#4e Xy, (X7 +
REn>2, 8K
o B REFELEGE, PZA R REF TSR

AEGAHPER, REF R, RHEHHEFE HEVZLTR

i F
-\
e
flx) =

P(A), A >0, Bp XH %4 ¥\ Poisson 51, MEEE HHL

] de, %X ~
LR \
z!

=> (-1

‘T:Oul727"' 3
R0 =e 2 R8T =T(X) = (-1)¥

o E\IJ
xe—)\)\:c B
= z!
SR R BT 3 A K

_ e—,\i(—w_);)x — e e A A
=0 :
>

- :ea’7
= z!
BTHEOZ — R B E . SHEYFEFEAMALR? TR GXE
1B30,2,4, - 15, ALE0, £ X 55 81,3,5, -0, A— 14530, 20 =
)

e AFAN>0, A0, 1M R, MR R EALLFT @ ER—1, £3F
G5 2 M, WEE A B — 1 R A B3 F L A K BT R 32 JE 3,
éﬂXZa

1BERH —RHAME T Z ORI A, BR S KT R RTHET, EIRE kg
A, A5 A T A & B A AR AL KAF o3t

% oh, AR R LA H, B R B R R ARME RSy o H AT B 4R AL
Al T, 5 A X1 bR, BP RAR R — R ey & RARAE 3tp, A6 H

TH, LA R RE TSR AT SR

)Xn%[z;r:iﬂéa E*ié’]/{#":’"_%) ﬁg?}ﬁmé}j—\% ° Eigi—]'—a Ey\*i/\:
(PN R)EHBREF SR, mEH AR Foo, B REFRIFT
# 7 — B bk (consistent) a5 A

He— 7, BARKT

HIFey bt 22 8% L2 — 5, AuH —H I 58069453
8

BT, n > 1, #&i%&n — oob¥, T, # %l 4 (converges in probability) £.6,



YA

(1) T, —2 9
n — 0o
% 2, BT, 50> — B Ak 3t ¥ (consistent estimator) , (1)X & % 8 & &
i
(2) nangO P(|T,, — 0] >¢) =0, Ve>0,

RAFRIH, #HVe > 086> 0, FE—k > 1, #4Fn > ki,
(3) P(|T,—0|>¢) <0,

FA R BRI, 15 A R R A AR R 0y A, 55 K 3K B (weak law
of large numbers) & 3F &4, #H—# 7idZ A S H X, , X,,n>1, B
BMEAAE(X;) = piffe, Bl En — oo, AT X, # F R E L,
P
(4) X0 —2 .,

n— oo
P A AT B B AR R 8 ) F o, B AKX, ﬁ P, X n&p2 — Bfh 3t
B HEATFHX,, REEpZ FhHEFE, LE-KEHE . 234X,
(X1 + X2)/2, 0.2X7 + 0.3X3 + 0.5 X6 % p2 R fb3t%, Bl IEpx — 8 fk 3t
7, BT —SROZ T ImESE, AEAEREME, 25 B L —RME R
K, REHERAR S R RIFMEHE  FB R REFERLATH — BN, &
A E R R AR RN T &L IR,

Tt B — B0, KM G 2GR UFay 317, M FHA 6 HE
et B3 BA — e P e 2 R R A | 53 B e dT o AT, BARGE
PLAR A

A= &3 8T = T(Xq, -, X)) R AE3H0(R K088 — & $9(0)), do T
BEAGFEZERAR? —ERARGETFLAARET - 02X
ol EEELEFENAET . REA = A -4 0E L K
SR, marmaA e Xy,  Xo A M, B A A EEEK
Go 5 BOK B, BfEzt 2R 5 &, BiEFR 5 — B85 T R R,



RN Z AL T, sk A MR AT Hlde, TRAF R FHEHRE

E(|T — 0]), 45T vA # &35 % % (mean squared error, f§i#MSE)R(6,T) =
E((T —0)?) , s RT & — K44 % %, 1% 45 % HTR (M I H#0), X%
HX1, o Xpl, AE(T -0 RE(T—0)) R ATHRE, MTHBERE? @
FREX  EBRAL, MSEd@ #FILE(T —0)# %3t . XMSET&EH

E((T—6)%) = E(T — B(T) + E(T) - 6)?)
(5) = E(T - E(T))*) + (E(T) - 6)?
= Var(T) + b*(6,T),

L0, T)=E(T)—0., Lk 5K k=, £HF

E(T - EM)(ET) -0)) = E(T - EMT)(E(T) - 0)

= (B(T) - E(T))(E(T) - 0) =0,

HEET)) = E(T)GuEE(T) s — % #) .

b(0,T)%% BT = # £ (bias) , Var(T') 75 F vA & R fE3 T4 £ 2 K,
V2O, T)B = FAREZ K, TEBETHEN, #HFATEHEE ., by
AT AT, ﬁ%%ﬁ?&ié‘]%&%wﬁ'd%ii, KM THAIFRMFE , 2HFCE
g AR A do s, HBLIEFEM RS RATE BB AT E, F AW
R Var(T)< oo , 4v EVar(T)= oo, BIR(0,T) = oo, 18 & 3% 5 R R 4T,
&

HH 0 AEFES,T, A TR0 E S, AQRZ , Flhe sk 53t
4R AR h BLIE & B # R 0, BIQFT IR R[0,1] , 12 4e RAEEOR A F A8 T AL 44
1#0.520.7, BlQT I %{0.5,0.7} , #R(0,T) < R(0,5), V0 € Q, B # %
B, GAEREX R L, MGG EZEETRHEAS , RFRMATERS &4,
HA%S % A 9T 3k A ¢y (inadmissible) , — &3+ 27T, # 1~ AR BE
&, @ 4% & 7T #% A 89 (admissible) , 3L PFE T RT3 A, £AMSES
FRIARE PR, REERTATHRAY, WA R RKZ , Hlde
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ERHZFE(EFGAREARTEAR), FERKIREL, 2V LBET

#wH, RAEK, THAMRE, BR2AFELEEE, TREERE A, £
—EHCeAERG )R, BEEREATE AR THRAGA , FA R

BENRERAE, AN RRAN, ThRLZBAKER Y,

REH — A3 AR L3 BRT BV RBRIS, £E2F
R, BRGA—EEMHEE ST, AER—0) € Q, B# B85 =
o, Bp 1w vd F BOofE 310 . s — &3 & & & A A (Var(5)=0), @& 1
EFE(RIEEORAE) . w(5)K, iFR(0,S) = b%(0,5) . %0 = Oi¥,
b(6o,S) = E(fy) — 0o = 0, ¥ R(00,5) =0, AT#SZ#E, %R0, T)%
A%, 420050 F 2 A4E— 25, MIFRO,T) =0,Y0 € Q , th 7 — iz
R (e QP RA — BT E), WL TH

FRELE d E— b, AR b ey sk T A EAERF AR Z ], KA F A
HAMERF R, RBLE—BARENS — 4, KB T RMSExZ X /s 4, %‘g
945 B e £ B4R e g HE B | e b BT a4 AR B 4k, TN — R A
g E(maTHS(X) = 6)) . AR — AL ERIEHEZIELS P, &
13K R AAEGEMSER ey 3t . R Bk E AL KB EDLS
WL RENBE, BHF R RN, TR A1 4R AL
F) . BREMERE(T(X)) = 0,V0 € Q, HFRb3, &K £ 570,
Bpb(0,T) = 0,0 € Q. 4oif pf & &, BAEME BT, #4502 — F fafk 3t
&, AT LTty . £T 502 —Fafsstg, AIRO,T) = Var(T(X)) .

BRRGR T S, KT LA Tttt By, B -8 L
HHEFREEHE A — BT, MRE(TY) =0, A#E—3t
TSRS, BA

(6) R(0,T*) = Var(T*) < Var(S) = R(0,5), V6 € Q ,

B AET M & — Bk 8 £ & R 4+ 31 & (uniformly minimum variance un-

biased estimator, A UMVUE) , pi#8“— %", 2% HEF -0 Q, T*x2
BEG P, ol — R A S ARk 4B XUMVUE, &

11



BASHW  FBLA—RGEL AFLREFERGFAL Bibdst
A HUMVUE , # sUMVUESg 5 £, 2 TR EZRTFGHET 2, A
B2 R THBANMETE, RAFFE RS, ATEHEPN) >, &
0 = e PwplFae, T = (1) s — 48 R &g f31 8, 12T X0,
BAOE—Z e, Hg Resk 202 UMVUE |, £ 27 — @&t
THRLE, RRER, FTHRALAN —HERTHRE HBRTERESA
ALY ETE, BT, BRAR— S EE 2T aRMEN K
ﬂ"i&)’ﬁ%‘?%ﬁ:‘#"ié’]%/\‘Pﬁcﬁﬁﬁ‘d‘E, i P AR kR 7% 46 s R R
I AE AR TR B R Bk RGTIE, @ AR R DR & i

B EWAZE, EFAKTIE . ﬁbiﬁnk%?m&bbﬁ*?%fﬂ £ oRay
=4, RRFAAMET

UMVUE 4k A #nE 2 F K4y o do RAR R ENT A 8k & 4538 e,
3t B AT S, AT SR R Z ERARR KT, 3
TEH kTR AR TRAGREORMIE X), £3A — &2
i3, 8 @AY R A R R T AT a0 Kk A B 3% (large sample theory) ,
AT CA H — BE R, 74N R A 3 R R 4 3 & (asymptotic unbiased
estimator) , BF —# 7102 4&3+ €T, n > 1,iH R

(7) lim E(T,) =6,

e RV > 1, T, % BOZ Rt stg, BPE(T,) =0, Vn > 1, BIT, % K&
ROZBE R AETE 2 R, F T2, BaRKLKR, gk
HARKEE, 2T 2R 57 el Bp(T) Xk L, AR Rk, ek
# #5048 # A O (asymptotic relative efficiency) | @7t A 2 &% .
WMERE, WRERKMAT, Yyt ETRETAGEEY .

AL = {Tip,n > 1R = {Top,n > 1} = #7215 46 3t
% , L& Var(Ti,) = (n+100)/n?, Var(Ty,) = 2n/n% n> 1, Bl &n =
1,2,--+,99, ¥4 Var(Ty,) > Var(Ts, ), sbiFTo,#4E; n = 1008F, Var(T1,)
= Var(Ty,); 12 Bn = 10142, @ ¥ F Var(Ty,) < Var(Ts,), H

Var(T1y,) . 1/m? 1
o) i L <1,
Ao Var(Th,) oo 2 /n? 2

12



Flimy, o Var(Ty,)/Var(Toy,) < 1, &AL T3 HH 3% . knf K
B, SR BB, 3 BT BRI § , AR BRIT A
ART BN, RBREZAEM S, £EREAT, TR %E , 55,
B -
(n+1)2(n+2)’
a5 Var(Th,) < Var(Ta,), Vn > 1, {2 B lim,,_, Var
e K, Toz ¥y A 24 E

RKAR AR ARTALE R AM  KBAT L, &ERMAY, ER
TaH F AR R A A BAE R R e N 48, RATsRabdTAE L 8

E—F TR, TS —RBEEINE

Var (Tln) =

Var(Ty,) = —, n > 1,

S

—

Tln)/Var(Tgn) = 1,

e

st RAEERGH? TR REAEA THEHER: FFETH, L
ERE, BFRAGLE ARAFREME . REBE BREHFTHEL
BT, A AR, WELR L, PCFIEIR 2T LA R
5BARA, ERAMERKS . REEREEDF

WA REE, FI00/8 B 45, 1 —2# 7, 82 F10EA £ A
£, MBESREB, MEE RN, FRTATRAH B, —ETER E
25018 A& A&, BIF A 2 A250/7 = 35 T1EEA, AGERE K
% . 12 A 80%(200/250) 85 k%, & B A RF(ER), LB AR E &E K,
PR Ep S & RIE A T EAT . BA — 1, B A OPEE KR A2, 1324 10018
AfE, BAPEE R A I0AME , DIEAE R AR 100 4 4 - 10 = 140(A), T34
FHE R A140/5 = 28(A) , 12 4p #7100/140 = 71.43% 84 % 4, L iRi342 7
F®RAET  RHEOIAFRIA0E L A M &, AELERGELR 5 0
AT XA 1405k B & e, Bl 3L 71005k 351004, 407k 33E10A, 48
P AFAE R A A 100 - 100 +40 - 10 = 10,400(A) , M %88+, ¥4
#10,400/140 = 74.28(A)
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SR TR S, kLT B, HEWISEERE, 7R SR
AR 5 RER, MIRRRAS AR EMER, 1+ A8 K
Yo BTHERA, BT PRBRABEEREES, LA T, K52
PIST@E & B GAE R, £33 F(RE4A)E LR G H%R, A+
RETHERA 5 V@ F(RETTRA § Y AME), Ko AeyfEst, 48T
AEAE R EFE
AT E AR R R ET RN, waFay i, s &
M0 RBE R . R AT (R BAET), EEA R RBRA, BARATF
o F #H(data, RFLEIF), M HIER XA TH, KA ERERTFRER
#y , f& Conan Doyle pf 3% 84 4% i B B 4 % (Sherlock Holmes stories), The
Adventure of the Copper Beeches —Z ¥, & 3#:
“Data! Data! Data!” he cried impatiently.
“I can’t make bricks without clay.”
4% 1 7 30 74 A data s ik fR BT, JE 4w 2 A £b  (clay) & ik ok (brick) |
EHEA, PRGN ERERRET . BAAEHARE TN RR S
BRE, RBHHFAARE, TEEEATE . AR OREREE, A&
ef%ﬂmﬂk%r’vﬂ, AX TR o ARFZ A HH R B A, R AR A3t g 7 ik
7 BRGSO H LA REEF T E, A RMIGE RS R B
GE I
FRRBLE, FRRREHRLZTRGT H . B 48, 2ER
T, QR BABG RS E, RFIRA, KBRS, TRT- TR
BK . BRERFEw &R B FLE, ARREEREISGE, ATH
AREFRTER , —EREUEGEMR S, FABMBILE, —EBREIHA
By, FBR KRB RERZ RITHI62  HABE AKX THERERF
Ak AERF-—HKEYWAEET) . AL—H ¥, RKNAEREHX,, &
X MEME(X:) . A L AERR, RAMZEAFHUEE, FRY
AR IR & K #E B (law of large numbers) , K kB A ®ER A, ik
MR E— BTN 48695 REGE R, 5 — & 5% K # % B (strong law of

large numbers) ,
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wAE X, X, 0> 1, Biid, BE(X?)# £ 0, 55 K80k 8% 35F &
", X¢,-- ,X,%éﬁ#;?;i\%*i@X_%, Bk EE(X2) , B

X2 — 2 ; 2
PR VA S Bk A 3 &,%;E(XQ) ?J‘yxX_,%féiz‘%{é‘T%’r% o PAFHMEH I E AL, Bk
PRIE ekt 8, BEERKIE, 2V 5 R BA — 5,

Blde, XA F RS, MEME B0, # EH B0 X ~ N(0,07),
E(X?2) = o2, #f vk 2 8 4 3to?, Al B #AE KX, -, X, 8] 9T
Yy X2/t 2 43t E L oy A B — B S, XUy % ME(XT)
LEXZrREE AL EHEE RGO S8, XL R T eh
HAA, AR R HE X Z R T ey AR AR R 3 R AE ST, A2 A% 8 £ ik (method of
moments), FfiF X 4& 3t %, % & 8 £ 4 3t & (moment estimator) , #

EfEi B RE— b, X ~ P\, AEX) = Var(X) = A,
@ Var(X) = B(X?) — (E(X))?, %

X, & ZX2 (X,)

ST B R A By 24

i AEARAR HHA B R MBS, A4 & ey 4 ik (classical approach), # i€
B EIRGHKIER, L9 F PR (frequentist) , £+ A&, ERB X
THAZEHIGEA  AEZ45 8, AEYRE, DL —RERGLKTE

JE T8 5 —FE ik,

HERBHITHRT, EHERFFRALYGRAZEHER . F 4 L1
A, RAGHRB BB EE , FERALBEABRERK , @?i%
7, AR R AR IR, MR AR — A E ik B A R SRR L PT IR
BAE, HeR R ELSREM, FHFER-BRABIRERR SLE—
A& W R e fE T ik, St A AR B &R KLk (method of maximum
likelihood) , PF 4% 2 53+ & 4% & & K AL 5 3t & (maximum likelihood es-
timator, i #MLE) , 4653tk A L8, 2@ R ERH? $4€ . R
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AR, FEAATA AR W BRG RR M T S F R4S
B, BEER B TFHRABLE? LR EROEE? G 2HhE T, &
K&, AR S4FEY | Blde, A UMVUE, % &4 #70F
ot , BB 4% Rk SR A oy — M3tk

L. Z—&TY AT VERRER, BEA BB L], 2Rt g
HKEZERERS  IRFEMMIMRIE, FRREERSY , A X EPFEZ
¥, AR XA BB, p) o, Lbp=1/4%3/4, pXzp.df s

flzlp) = P(X =2x) = (i)px(l —p)?’_m, r=0,1,2,3,

Hp=1/4%3/4,
FATEARIE A B 2 BB fEtp, AN ERERE, BRA =
BAE: 1/AR3/4, TRE, AAETERGER, LR ELS

T 0 1 2 3
27 |27 | 9 | 1
f@Y) | & 5| 6| e

FaB/) | & ol % E

R =0, skwEp = 1/4, | B27/6489 # F{1421/648 X . &t
A&p = 1/4wp = 3/4, E @ fbr = 08 4 , PFhe = O B 0F, R 4p =
A6 o =10, L a#p = 1/4, EASFHRr = 283, Alp =
3/4% KA SR |, MpI R R MAETEDSL

|4 za=on,
"7V 5 ga—as,

HE — SRR AT, RRMACEE S £k, A QTR 48R E
PE L, BETRR ST, B _F R R RAF etk e R RAERE &
@ HE ST AR R R 8 7 ik, F R AT AE T R R A RFAE

RTRAERANBYBAELT X, 7 — 7w A& E LB
K4k i (Bayesian approach), # 3t £ 7k %, 4.4% B K % i (Bayesian) , &
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AW AEAE SR, BRGSO, AL — KA e B e E , 2 R Rk
W, RATHOT — L ERY TR, Flde, ZOLEARBAEGGKE , A
A PR 2y, WA E A BUR AT AR, T A K#E, 08 £05m %, £ 5
@03k £0.452 055/, HAGREM ¥ Ay Pr A A, TRMEFAE , BHIf
%04 B[0.45,0.55]35 4 2 . BROAU[0.45,0.55] 51 .

012 3% H — E 457 2 4 (prior distribution) , sk T & £ 865 2
## (subjective distribution), B s 73 # &3t H T AR . T REZBNE
e, AT A RARIF B 0 A A, Mk BRI IRE R R EARE, R
HHEAMERRES, AREAZBROAEETRRER ., ML 4%
A, AR, RIFPTIFZBMAE R, B EHOZ 51 64 F ik, do bR 4T 2
1% 4 (posterior distribution) , B K b — &8s &, £ B & — &5
TE PG 8 M, 4 A B K Z 2 (Bayes’ rule)d /% , B K (Thomas Bayes,
1702-1761) & 3% B 465, {2 A K F TR & —ER G HFT L7 ,

FR M — A, AT IR B AR AR L A RS
W, AHOMIESRE . KRRRMEOR —FR(FAT o), ABRAK, AER
R(FHR2 ), KA EFAEO . FROGRFAIHEEARK
ZR,TA-MRGE T RN . A A, 58 A LK R, B T4
ARG KA LU RE, £51/2, ERFTRE A2 d Bk, &
FIRFFET, BHRRREFFHA  FAFETHRS Ae, RORA
HRAEMA, BFAE— B A FE TR E51/10,000 , &R LIFH G2
T BEAE— R EFRTHMRESLS/N0, FAE—3 T, FETHOKE
2

|

1 l+i 1_ 3,001
10,000 2 10 2 B 20,000 °
Habss T3 MIH FBTOEMT, REZLENKRES
‘ o P(iME &4 BLF#ET)
P BMEFHET)= 5 —
3 1
_ 102 _ 3,000 .
3,000 3,001 = 0.9996667777 |
20, 000
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B e RATOGIRR T, FMA B S M H“F&T", RIS H 2% A K E,
mERL/2, G E—RPLIGE  ZARXF AGKE, BIKL/2BER
#110891/3,001 , FH >R EFT>E, TREABK AR, B KRERE
LRBRLERIE M ERFELRERGTR(ELIWH), REZL>H A,
AL 08 AR A M TR QR B FR 16 ), BRIEFR >, BATIRR .

3£1. 3,000/3,0013¢ 3F 5k & — A0.9996667T7T7HE 3% F %, B F e %15 4
40753%  FH b, A b BUR B & N B AR R B R i1, 5004

— @ a0 B KRfE+tE, &2 maEX T, FE oWy,
BPE0|X) , #4745 3t & B K A& 31 & (Bayesian estimator), 7~ i# 3% A 1k
SRMTRG ARG E TR R, AROEEZRREW R LKA, 455
REBERBELE .,

b iE =Rk, Rk R A9 SR A B4, MRS, A
HEZ=ZMFXREGER . AFRNERRTHA LSRN T AL , 5
B =47k, AFRIERIFESRE

HA— 580, 12 T 846348, A B M43 (interval estimation) , Bp
i — MR E B, 345 0k A02 2% T & e (GEHIRI0% | 95% £99% %)
#4% $8 & B (confidence interval) , 15 #8 & M #9334, T % % 3% X 5 (20006)
—X .

AR AEAET— 580, HFTE009 3% — & #g(0), K =—%#61,028
k= HBh(01,02)F  Blde, BN (n,02) 2, E3tp/o , EREEH M5
HAET AR, A A 56 a3t F o et A e — E Ry AH,
B @R R S  AX L —mF N, 8k % eatsh o HEHRA H
AR E, THEHE —RBELHNT

5 WHEHE

R RN 8B — A2 3L IF S BB et ik
|-, & AUk | & % R & (Francis Galton,1822-
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191)pr B 631 i, AR EF W XA Y SHLFH S5 = % M H
1%, ZAGRFUELRGE S, VgL F245,i=1,---,n, @A
5 —de FTRZofY eyl i%:

9) Y =Q(z) +¢,

BPA XM & B, RFAR L FHEHY  ATXRLEANE, L 755
AKF? HARLLRY H L1720 0%, HEERAMIT2R LM E R . =2
FIAIT2AS SR, LTFHR—ZAS S, AR RLTEEY L —
REAk s, A(O)RX b, BRERY, TRTL oty HEQ(x) (R &MY
B), w b — AR AR Ee AT BB BIE (T, 1), (T, Un)s R
et R EQ(T) . ¥ H LTy LR, L ZF SR AEQ() +e ., i —
REAR R, AR AR KK, BAQ(x) _ Y, s & K, ik
— XL, HARR M, RETRAR . PFATH BTl

(10) Yi=Q(x;) +¢e, i=1,--,n,

18 §% 5 #7 (regression analysis), 4 %] & &% 38 87 (linear regression), %
FAHA KT AR R SRR XAy, defE | ERM | S
7« % #(parametric) & 3k 4 # (non-parametric) % , & L & i £ 4y, /&
J& ff ¥ & M 38 8 (simple linear regression), BrQ(z) = a+ Sz, ma, 04 =
T, AECHE AL T M % U4 M B (multiple linear regression) & [

Qo AT P, @G AT R & TR — R B — R BAARGEY &
— B K, PPk
(11) Yi=a+pPz;+¢e, i=1,---,n,

Ao, Bk F R, e, enFTREB L, 2o r— T &4
Bl . A B Rer, - en A, BrCov(g,e) =0, 1 <i<j<n,
GAHBAMETAR SRR RREESFGE, AAXAGTHSGTRE
Moo Her, o en, ME RBEIEAE L0, FRRTEAE, FRE(s) =
0, Var(g;) =02, i=1,---,n, s (11) K /F

(12) E(Y;) = a+ fz;
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B WAL, F e a2 A, KA FOA(12) X & B, B AYi fE st
i, (12) K& B E(Y;) &Baith & 3, A5 % 5 548 & % # (population regres-
sion function) , % #a,fdfTfER? —@F R T ELRDTFF
i% (least squares method), b ik 7T i& 3 %] 7% B $ % K 34 83 % (Joseph
Louis Lagrange, 1736-1813), % {& B 44 & &7 (Carl Friedrich Gauss, 1777-
1855) , #HAMm (1) R K, ABA 2] (21, 91), -+, (20, yn) BB, AT 7
% 75 KAME R E T Ty Ao

n

(13) U, B) =Y (g — a — Ba;)?

i=1
Kgillﬂ%d"fﬁél]ﬁ}ﬂ7 VA ’T’;:hoﬁﬂ o %%‘JilﬁiU(a,B% /JJ\E'J}H'CY,/B'f&/ﬂ\, -E'-l%lbé\’\
A 50, 1%

> @iy —a—Bui) =0,
i=1

o b =X o, B A& HA

z:l(mi _$)2 ,
A
1 & 1 &
= Ty, Y=— Yi
n =1 n =1

W b g7 ik AR 2o, B AE B, G L & T F 43t & (least squares
estimators) , &K AIEIAG + B:Eiféé;z%.yiiﬁ‘%’r .
BEIBREARL—IBHREO I, GREREEAN, LA —HES
Bo+ fr, daide, RFARMY  EAEFX TR EX)Y @B HEH
o, BRA AL R AR K o RAF IR B 2 (21, 01), -, (T, Yn), T4
Ar— y AR & b, P Ay = &+ fr, RELERNTFFEUELT,
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RAAMESEEIEY —F A% . K TE&—FT .

#12. McDonald and Studden(1990)% #F % & & 3k th 52 &4t & 4 (hydro-
carbon)#y & . A3 5] F R HH AL R A2 Bew (B 45 A T 3E02), AR GALE
My (FAs o2 3 367 ) Wy flido T

(5.133,0.265), (10.124, 0.278), (15.060, 0.282), (19.946, 0.286),
(24.899, 0.310), (29.792,0.333), (29.877,0.343), (35.011, 0.335),
(39.878,0.311), (44.862, 0.345), (49.795,0.319) ,

fden =11, B0 o = 304.377, 1L 22 = 10461.814, Y1y =
3.407, Y21 4?2 = 1.063, 1L wiy; = 97.506 , #4FT = 27.671, 7 = 0.310,
A

5 97506 — 304.377 - 3.407/11
~ 10461.814 — (304.377)2/11
& = 0.310 — 0.00158 - 27.671 = 0.266 ,

= 0.00158,

By T VA 3B 42 3@ 67 % Sy = 0.266 + 0.00158z & Faaly . #lde, 2% 24T
5:30,0003%72, 8] 78]y = 0.266 4+ 0.00158 - 30 = 0.3134(A %) .
ﬁ/fﬁ\é{:ﬁ}dﬂ (xiy yl)) 1= 17 ) 117 &{#gf é’J ﬁlﬁ f‘éé%'ri@ﬁ% lllﬁiﬁ}\\ 1 o

SEAFRXABL T SMAR, £RARGUH, LTAES
AgIRE), MR ey XM, BT IFA BB B RE KA S, E3F—
TARAERGER, FT@BRARER T, ALK G H, LTHE
PR A ARl MARARAY SR, LT F M S R R & ¥ L @R
J@(regressmn effect), & 345 b3, £ & 1 -F 34 18 5 (regression toward the
mean) , regression # ] §F, £k, KRB ELD AT ERERTFY . K
BT VA RS, W& B A W, shhe KA S B EF EAR, R
B, B $ R MEF  mEOHAREGTFAEE  SREFE-4F0Y
Ao NG B IS B B, B S AR R B R B AT
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y = 0.266 + 0.00158z

0.266

f f f f f x

O 10 20 30 40 50

Bl iR Maif R, o B TR0, yhh B AN %/ KvE

EHEERFZILOBHERXTHE G, KAGFHH G H68K,
ST T E HHB69% -, & T — kv AR Z A 4 52.53%
P H-T2RT B, RMEHAL L FRATIR TS, M #H—643%
PR RXH, EFAL L TFRACSK T BT HERE, 28T FHR
B, R FZFHE[46TIRT, MOARTHZXHR, LTFXTHEIY
&0673EE, B 3693kt EuL

AERBATHEEH, FRARET AL . T ERRFRARE, KR
TRMREFNTFHREESRS 2F —RREBESOARFELE, F =R
8 PR T s AR, T B — R R AT BAR A AR B R, B R0 R AR
B o R AR .

RERFH S — E-FHEET Bl kit , A & L6, REFETHE
oy G MREREIORE FHE &, RaH 524005 . 1 FF
ik, SRR EAEARL T H S 424000 5, B R EA R, LT
&, AT L g A0 B, LE A 240X B 5% et —
RABM— R, AT &2 KM B S, BRIt et %
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S 2400 3 B ARBE X HL, LR Ta-F3H S S A2400 0, B 5 SRk
ARBELH, LR TFoFH L &5, LA AN RE,

BAFEREE . FARTEETUREMERE . F—REGHF,
ER MR LN ’*#/A?hfa%ﬁﬁ%@ziﬁ-ﬁu,t%ﬁ Bld, % —
REBHRUA, A ER ARSI REER, ZRSBELE S Mm% —
RFIGA, FRIREEEFAETHRR? £ LA ZRTR , BHRAR,
WA RN, ML ARBRT  FIALEY NEEHAREFR
FAREATENELE, TTAR, aHFFEHNELE LV AHE .,
MERBIEEBE -5 . BRRGBREFMEM, EBRI%, RAH

EORAE ALY TRGEES T . EAREFFHEL, TR FTEA
B, B R R, TR E R, B F ST H AR AR R
EHAEEAH , RAARET, GRRGWESRBF, RTRIAZY
SRR, T B AR R

6 &=

wer

Eﬁ*

HMEFhaMmE, AF L B EL O HSE | RsE, SAMEMEHT
B it , FHF AT ETHNWRE—EFHFTMRLEFEME , &
ek, WARARH BRI, LR BE AR R AR B, R — A fE
ik, RATARTERE K . AX R R H GG, B MA B , RFE
HiFE — R R mA A AR E, TRTFHF ARG E P, K F
SAELG BT ik

% F Xk
1. % X 3(2006). #streayfssg . PR RBEF, L.
2. McDonald, G.C. and Studden, W.J.(1990). Design aspects of

regression-based ratio estimation. Technometrics, 32, 417-424.
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