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a�KTH2 bBx2 @ FMQrM p�`B�M+2 �M/ 2[m�H �HHQ+�iBQM
�HHQ+�iBQM `272`b iQ, � +HBMB+�H i`B�H /2bB;M bi`�i2;v mb2/ iQ �bbB;M T�`iB+BT�Mib
iQ �M �`K Q7 � bim/vX
A7 i?2 p�`B�M+2 Bb FMQrM i?2M i?2 i2bi bi�iBbiB+ Bb

ԏ � Ԏφ۽  ��ԝφ	Ԏϵᅼఉ۽ � ��ԝϵ
  ԃ	� �
�
h?Bb Bb i?2 i2bi bi�iBbiB+ Q7 i?2 irQ@b�KTH2 x@i2biX
h?2 TQr2` �i ᅲ � ᅲφ Bb ;Bp2M #v
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A;MQ`BM; i2`Kb bK�HH2` i?�M ᅫ�� �M/ +QK#BMBM; TQbBiBp2 �M/ M2;�iBp2 ᅲ
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a�KTH2 bBx2 @ FMQrM p�`B�M+2 �M/ 2[m�H �HHQ+�iBQM

h?2 b�KTH2 bBx2 Bb Q#i�BM2/ #v bQHpBM;

ԩᇀ � ԩᆿ�ϵ � ৃ ]ᅲφ]ᅼఉ��ԝφ � ��ԝϵ ৄ �
A7 r2 �bbmK2 i?�i i?2`2 rBHH #2 �M 2[m�H �HHQ+�iBQM Q7 bm#D2+ib iQ 2�+? ;`QmT
i?2M ԝφ � ԝϵ � ԝ��- i?2 iQi�H b�KTH2 bBx2 7Q` i?2 T?�b2 AAA i`B�H Bb
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a�KTH2 bBx2 @ FMQrM p�`B�M+2 �M/ mM2[m�H �HHQ+�iBQM

 AM K�Mv i`B�Hb Bi Bb /2bB`�#H2 iQ Tmi KQ`2 T�iB2Mib BMiQ i?2 2tT2`BK2Mi�H
;`QmT iQ H2�`M KQ`2 �#Qmi i?Bb i`2�iK2MiX A7 i?2 T�iB2Mi �HHQ+�iBQM #2ir22M i?2 irQ ;`QmTb Bb ԡ � ԝφ�ԝϵ i?2Mԝφ � ԡ ੁ ԝϵ i?2M

ԝϵ � 	� � ��ԡ
ᅼϵ ५ԩᇀ � ԩᆿ�ϵ६ϵᅲϵ �
�M _ 7mM+iBQM iQ +QKTmi2 i?2 b�KTH2 bBx2 BM ;`QmTb R �M/ k 7Q` mM2[m�H
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& x�HT?� I@ [MQ`KUR@�HT?�fkV
x#2i� I@ [MQ`KUR@#2i�V
Mk I@ URYRf`V UbB;K� Ux�HT?�Yx#2i�Vfi?2i�V�k
MR I@ ` Mk
`2im`MU+UMR-MkVV'

#
type

I
error

rate
.

✓
true

d '
# -

-
type I

error
r at

~
allocation

ratio
.  -



a�KTH2 bBx2 @ FMQrM p�`B�M+2 �M/ mM2[m�H �HHQ+�iBQM

q?�i Bb i?2 b�KTH2 bBx2 `2[mB`2/ 7Q` NyW TQr2` iQ /2i2+i ᅲ � � rBi? ᅼ � � �i
i?2 8W H2p2H BM � i`B�H r?2`2 irQ T�iB2Mib rBHH #2 2M`QHH2/ BM i?2 2tT2`BK2Mi�H
�`K 7Q` 2p2`v T�iB2Mi 2M`QHH2/ BM i?2 +QMi`QH �`K\
O b�KTH2 bBx2 7Q` i?2i� 4R- �HT?�4yXy8-
O #2i�4yXR- bB;K�4k- `4k
O ;`QmT R b�KTH2 bBx2 U2tT2`BK2Mi�H ;`QmTV
bBx2kxXmM2[Xi2biUi?2i� 4 R-�HT?� 4 Xy8-#2i� 4 XR-bB;K� 4 k-` 4 kV(R)

(R) RkeXy3NR
O ;`QmT k b�KTH2 bBx2 U+QMi`QH ;`QmTV
bBx2kxXmM2[Xi2biUi?2i� 4 R-�HT?� 4 Xy8-#2i� 4 XR-bB;K� 4 k-` 4 kV(k)

(R) ejXy9989



a�KTH2 bBx2 @ FMQrM p�`B�M+2 �M/ mM2[m�H �HHQ+�iBQM

h?2 TQr2` Q7 i?2 irQ@b�KTH2 x@i2bi +�M #2 bim/B2/ �b � 7mM+iBQM Q7 i?2
�HHQ+�iBQM `�iBQ ԡX
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*QKT�`BM; S`QTQ`iBQMb 7Q` "BM�`v Pmi+QK2b

 AM K�Mv +HBMB+�H i`B�Hb- i?2 T`BK�`v 2M/TQBMi Bb /B+?QiQKQmb- 7Q` 2t�KTH2-
r?2i?2` � T�iB2Mi ?�b `2bTQM/2/ iQ i?2 i`2�iK2Mi- Q` r?2i?2` � T�iB2Mi
?�b 2tT2`B2M+2/ iQtB+BivX *QMbB/2` � irQ@�`K `�M/QKBx2/ i`B�H rBi? #BM�`v Qmi+QK2bX G2i ԟφ /2MQi2
i?2 `2bTQMb2 `�i2 Q7 i?2 2tT2`BK2Mi�H /`m;- ԟϵ �b i?�i Q7 i?2 bi�M/�`/
/`m;- �M/ i?2 /Bz2`2M+2 Bb ᅲ � ԟφ�ԟϵX AM +�b2, ӽЈ  ᅲ � � pbX ӽռ  ᅲ ଈ �

r?2`2 ᅲ � ԟφ  ԟϵ�



*QKT�`BM; S`QTQ`iBQMb 7Q` "BM�`v Pmi+QK2b

G2i Ԏքֆ #2 i?2 #BM�`v Qmi+QK2 7Q` bm#D2+i Ԙ BM �`K Ԛc i?�i Bb-

Ԏքֆ �  � rBi? T`Q#�#BHBiv ԟֆ� rBi? T`Q#�#BHBiv �  ԟֆ
7Q` Ԙ � � ��� ԝֆ �M/ Ԛ � � �X h?2 bmK Q7 BM/2M/2Mi �M/ B/2MiB+�HHv /Bbi`B#mi2/
"2`MQmHHB `�M/QK p�`�B#H2b ?�b � #BMQKB�H /Bbi`B#miBQM-

։Րంք�φ Ԏքֆ  ӷԘԝ	ԝֆ ԟֆ
 Ԛ � � ��
UuBM- T;X Rdj@Rd9V
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*QKT�`BM; S`QTQ`iBQMb 7Q` "BM�`v Pmi+QK2b

h?2 b�KTH2 T`QTQ`iBQM 7Q` ;`QmT Ԛ Bb

ࣞԟֆ � Ԏֆ۽ � 	��ԝֆ
 ։Րంք�φ Ԏքֆ Ԛ � � �
�M/ Ӻ ॕ Ԏֆॖ۽ � ԟֆ �M/ ԋ Ԑԡॕ Ԏֆॖ۽ � Ր	φՐ
։Ր X
h?2 ;Q�H Q7 i?2 +HBMB+�H i`B�H Bb iQ /2i2`KBM2 B7 i?2`2 Bb � /Bz2`2M+2 #2ir22M i?2
irQ ;`QmTb mbBM; � #BM�`v 2M/TQBMiX h?�i Bb r2 r�Mi iQ i2bi ӽЈ  ᅲ � � p2`bmbӽЈ  ᅲ ଈ ��
h?2 i2bi bi�iBbiB+ U�bbmKBM; i?�i ӽЈ Bb i`m2V Bb,

ԉ � ࣞԟφ  ࣞԟϵఉԟφ	�  ԟφ
�ԝφ � ԟϵ	�  ԟϵ
�ԝϵ  ԃ	� �
CLT .
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*QKT�`BM; S`QTQ`iBQMb 7Q` "BM�`v Pmi+QK2b

h?2 i2bi `2D2+ib �i H2p2H ᅫ B7 �M/ QMHv B7]ԉ ] ଯ ԩᆿ�ϵ�
lbBM; i?2 b�K2 �`;mK2Mi �b i?2 +�b2 rBi? +QMiBMmQmb 2M/TQBMib �M/ B;MQ`BM;
i2`Kb bK�HH2` i?�M ᅫ�� r2 +�M bQHp2 7Q` ᅬ

ᅬ ஈ ဈ ৃԩᆿ�ϵ  ]ᅲφ]ఉԟφ	�  ԟφ
�ԝφ � ԟϵ	�  ԟϵ
�ԝϵ ৄ �



*QKT�`BM; S`QTQ`iBQMb 7Q` "BM�`v Pmi+QK2b

lbBM; i?Bb 7Q`KmH� iQ bQHp2 7Q` b�KTH2 bBx2X A7 ԝφ � ԡ ੁ ԝϵ i?2M

ԝϵ � ५ԩᆿ�ϵ � ԩᇀ६ϵᅲϵ 	ԟφ	�  ԟφ
�ԡ � ԟϵ	�  ԟϵ
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Homeworki
You Should try be derive

this
formula

.



*QKT�`BM; S`QTQ`iBQMb 7Q` "BM�`v Pmi+QK2b h?2 #mBHi@BM _ 7mM+iBQM TQr2`XT`QTXi2biUV +�M #2 mb2/ iQ +�H+mH�i2
b�KTH2 bBx2 Q` TQr2`X 6Q` 2t�KTH2 bmTTQb2 i?�i i?2 bi�M/�`/ i`2�iK2Mi 7Q` � /Bb2�b2 ?�b �
`2bTQMb2 `�i2 Q7 kyW- �M/ �M 2tT2`BK2Mi�H i`2�iK2Mi Bb �MiB+BT�i2/ iQ
?�p2 � `2bTQMb2 `�i2 Q7 k3WX h?2 `2b2�`+?2`b r�Mi #Qi? �`Kb iQ ?�p2 �M 2[m�H MmK#2` Q7 bm#D2+ibX
>Qr K�Mv T�iB2Mib b?QmH/ #2 2M`QHH2/ B7 i?2 bim/v rBHH +QM/m+i �
irQ@bB/2/ i2bi �i i?2 8W H2p2H rBi? 3yW TQr2`\

TQr2`XT`QTXi2biUTR 4 yXk- Tk 4 yXk3- TQr2` 4 yX3V

hrQ@b�KTH2 +QKT�`BbQM Q7 T`QTQ`iBQMb TQr2` +�H+mH�iBQM

M 4 99eXky89
TR 4 yXk
Tk 4 yXk3

bB;XH2p2H 4 yXy8
TQr2` 4 yX3

�Hi2`M�iBp2 4 irQXbB/2/

LPh1, M Bb MmK#2` BM  2�+? ;`QmT

P p p



*�H+mH�iBM; SQr2` #v aBKmH�iBQM

 A7 i?2 i2bi bi�iBbiB+ �M/ /Bbi`B#miBQM Q7 i?2 i2bi bi�iBbiB+ �`2 FMQrM i?2M i?2
TQr2` Q7 i?2 i2bi +�M #2 +�H+mH�i2/ pB� bBKmH�iBQMX *QMbB/2` � irQ@b�KTH2 i@i2bi rBi? jy bm#D2+ib T2` ;`QmT �M/ i?2 bi�M/�`/
/2pB�iBQM Q7 i?2 +HBMB+�H Qmi+QK2 Bb FMQrM iQ #2 RX q?�i Bb i?2 TQr2` Q7 i?2 i2bi ӽЈ  ᅷφ  ᅷϵ � � p2`bmb ӽЈ  ᅷφ  ᅷϵ � ���-
�i i?2 8W bB;MB}+�M+2 H2p2H\ h?2 TQr2` Bb i?2 T`QTQ`iBQM Q7 iBK2b i?�i i?2 i2bi +Q``2+iHv `2D2+ib i?2 MmHH
?vTQi?2bBb BM `2T2�i2/ b�KTHBM;X

Implement this

idea  in R
.



*�H+mH�iBM; SQr2` #v aBKmH�iBQM

q2 +�M bBKmH�i2 � bBM;H2 bim/v mbBM; i?2 `MQ`KUV +QKK�M/X G2iǶb �bbmK2
i?�i ԝφ � ԝϵ � �� ᅷφ � ��� ᅷϵ � � ᅼ � � ᅫ � ����X
b2iXb22/UkjyRV
iXi2biU`MQ`KUjy-K2�M4jX8-b/4RV-`MQ`KUjy-K2�M4j-b/4RV-p�`X2[m�H 4 hV

hrQ a�KTH2 i@i2bi

/�i�, `MQ`KUjy- K2�M 4 jX8- b/ 4 RV �M/ `MQ`KUjy- K2�M 4 j- b/ 4 RV
i 4 kXR9ek- /7 4 83- T@p�Hm2 4 yXyjey8
�Hi2`M�iBp2 ?vTQi?2bBb, i`m2 /B772`2M+2 BM K2�Mb Bb MQi 2[m�H iQ y
N8 T2`+2Mi +QM7B/2M+2 BMi2`p�H,
yXyj983Rkk yXNNk938N8
b�KTH2 2biBK�i2b,
K2�M Q7 t K2�M Q7 v
jXjjNjek kX3k83k3

a?QmH/ vQm `2D2+i ӽЈ\

He random Sample from N (3-5,12) of
Size 30

Resect



*�H+mH�iBM; SQr2` #v aBKmH�iBQM

 amTTQb2 i?�i Ry bim/B2b �`2 bBKmH�i2/X q?�i T`QTQ`iBQM Q7 i?2b2 Ry bim/B2b rBHH `2D2+i i?2 MmHH ?vTQi?2bBb �i i?2
8W H2p2H\ hQ BMp2biB;�i2 ?Qr K�Mv iBK2b i?2 irQ@b�KTH2 i@i2bi rBHH `2D2+i �i i?2 8W
H2p2H i?2 `2THB+�i2UV +QKK�M/ rBHH #2 mb2/ iQ ;2M2`�i2 Ry bim/B2b �M/
+�H+mH�i2 i?2 T@p�Hm2 BM 2�+? bim/vX Ai rBHH biBHH #2 �bbmK2/ i?�iԝφ � ԝϵ � �� ᅷφ � ��� ᅷϵ � � ᅼ � � ᅫ � ����X

b2iXb22/UkjyRV
Tp�Hb I@ `2THB+�i2URy-iXi2biU`MQ`KUjy-K2�M4jX8-b/4RV-

`MQ`KUjy-K2�M4j-b/4RV-
p�`X2[m�H 4 hV0TXp�Hm2V

Tp�Hb O T`BMi Qmi Ry T@p�Hm2b

(R) yXyjey93Nj yXR89dde88 yXyRdddN8N yX9y38RNNN yXj983yNjy yXRRRjRyyd
(d) yXR9d33j3R yXyyjRddyN yXyN98kkjy yXjNRdjdkj

OTQr2` Bb i?2 MmK#2` Q7 iBK2b i?2 i2bi `2D2+ib �i i?2 8W H2p2H
bmKUTp�HbI4yXy8VfRy

(R) yXj

-
Simulate a

+ test

-
( to

times
- ) and store
-

p . . values .
from

each Sion .

{



*�H+mH�iBM; SQr2` #v aBKmH�iBQM

"mi- bBM+2 r2 QMHv bBKmH�i2/ Ry bim/B2b i?2 2biBK�i2 Q7 TQr2` rBHH ?�p2 � H�`;2
bi�M/�`/ 2``Q`X aQ H2iǶb i`v bBKmH�iBM; Ry-yyy bim/B2b bQ i?�i r2 +�M Q#i�BM �
KQ`2 T`2+Bb2 2biBK�i2 Q7 TQr2`X
b2iXb22/UkjyRV
Tp�Hb I@ `2THB+�i2URyyyy-iXi2biU`MQ`KUjy-K2�M4jX8-b/4RV-

`MQ`KUjy-K2�M4j-b/4RV-
p�`X2[m�H 4 hV0TXp�Hm2V

bmKUTp�HbI4yXy8VfRyyyy

(R) yX933R

r beta
re  xp L )



*�H+mH�iBM; SQr2` #v aBKmH�iBQM

h?Bb Bb Km+? +HQb2` iQ i?2 i?2Q`2iB+�H TQr2` Q#i�BM2/ 7`QK TQr2`XiXi2biUVX
TQr2`XiXi2biUM 4 jy-/2Hi� 4 yX8-b/ 4 R-bB;XH2p2H 4 yXy8V

hrQ@b�KTH2 i i2bi TQr2` +�H+mH�iBQM

M 4 jy
/2Hi� 4 yX8

b/ 4 R
bB;XH2p2H 4 yXy8

TQr2` 4 yX9dd39R
�Hi2`M�iBp2 4 irQXbB/2/

LPh1, M Bb MmK#2` BM  2�+? ;`QmT



*�H+mH�iBM; SQr2` #v aBKmH�iBQM

 h?2 #mBHi@BM _ 7mM+iBQMb TQr2`XiXi2biUV �M/ TQr2`XT`QTXi2biUV /QMǶi
?�p2 �M QTiBQM 7Q` +�H+mH�iBM; TQr2` r?2`2 i?2 i?2`2 Bb mM2[m�H �HHQ+�iBQM
Q7 bm#D2+ib #2ir22M ;`QmTbX h?2b2 #mBHi@BM 7mM+iBQMb /QMǶi ?�p2 �M QTiBQM iQ BMp2biB;�i2 TQr2` B7 Qi?2`
�bbmKTiBQMb /QMǶi ?QH/ U2X;X- MQ`K�HBivVX PM2 QTiBQM Bb iQ bBKmH�i2 TQr2` 7Q` i?2 b+2M�`BQb i?�i �`2 Q7 BMi2`2biX
�MQi?2` QTiBQM Bb iQ r`Bi2 vQm` QrM 7mM+iBQM mbBM; i?2 7Q`KmH� /2`Bp2/
�#Qp2X



*�H+mH�iBM; SQr2` #v aBKmH�iBQM

 amTTQb2 i?2 bi�M/�`/ i`2�iK2Mi 7Q` � /Bb2�b2 ?�b � `2bTQMb2 `�i2 Q7 kyW-
�M/ �M 2tT2`BK2Mi�H i`2�iK2Mi Bb �MiB+BT�i2/ iQ ?�p2 � `2bTQMb2 `�i2 Q7
k3WX h?2 `2b2�`+?2`b r�Mi #Qi? �`Kb iQ ?�p2 �M 2[m�H MmK#2` Q7 bm#D2+ibX � TQr2` +�H+mH�iBQM �#Qp2 `2p2�H2/ i?�i i?2 bim/v rBHH `2[mB`2���  � � ��� T�iB2Mib 7Q` 3yW TQr2`X q?�i rQmH/ ?�TT2M iQ i?2 TQr2` B7 i?2 `2b2�`+?2`b Tmi KQ`2 T�iB2Mib BM
i?2 2tT2`BK2Mi�H �`K +QKT�`2/ iQ i?2 +QMi`QH �`K\



*�H+mH�iBM; SQr2` #v aBKmH�iBQM

 h?2 MmK#2` Q7 bm#D2+ib BM i?2 2tT2`BK2Mi�H �`K i?�i ?�p2 � TQbBiBp2
`2bTQMb2 iQ i`2�iK2Mi rBHH #2 �M Q#b2`p�iBQM 7`QK � ӷԘԝ	���� ����
X h?2 MmK#2` Q7 bm#D2+ib i?�i ?�p2 � TQbBiBp2 `2bTQMb2 iQ i?2 bi�M/�`/
i`2�iK2Mi rBHH #2 �M Q#b2`p�iBQM 7`QK � ӷԘԝ	��� ���
X q2 +�M Q#i�BM bBKmH�i2/ `2bTQMb2b 7`QK i?2b2 /Bbi`B#miBQMb mbBM; i?2
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