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㋈ᆆ⢟⨼ѣࡦ༺ᱥ䳅ᵰ⧦䊗

• +LJJV㋈ᆆਥ㺦਎ࡦ==�::�EE�𝛕𝛕ㅿуੂⲺᵡᘷȾሯӄԱᝅ
жѠ+LJJV㋈ᆆ�ᡇԢᰖ⌋߼⺤䈪࠰ᆹሼ㺦਎Ѱଠж〃ᵡᘷ

• =⧱㢨ᆆⲺ䍞䠅⎁䠅ٲφ�������f������*H9�⭧ӄެޭᴿ
жᇐᇳᓜθ=⧱㢨ᆆⲺ䍞䠅┗䏩жᇐⲺ࠼ᐹ

• 𝛕䖱ᆆⲺስળ⎁䠅ٲφ�����f�����SV�ռᡇԢᰖ⌋⺤࠽൦
䈪࠰жѠ⢯ᇐⲺ𝛕䖱ᆆሼ൞֋ᰬਇ⭕㺦਎Ⱦ

• Ḇж〃⢟⨼䗽ぁδׁྸφJ/ψ→µμε�ᵡᘷ㋈ᆆμⲺ伔㺂ᯯ
ੇᱥԱᝅⲺȾ

• ĊĊ

⭞ԛ⹊ガะᵢ㋈ᆆᙝ䍞Ⲻᇔ僂㔉᷒䜳ᱥ䳅ᵰⲺȾ
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䳅ᵰ⧦䊗┗䏩㔕䇗㿺ᗁ

• +LJJV㋈ᆆⲺ਺Ѡ㺦਎ᵡᘷ
ԛжᇐᾸ⦽੾⧦

• =Ⲻ䍞䠅┗䏩%UHLW�:LJQHU࠼ᐹ

ᡇԢᓊޭ༽ީӄ䳅ᵰ⧦䊗Ⲻ㔕䇗ᆜ⸛䇼θ⭞ԛ⨼䀙ᡌᨅ䘦ᇔ僂㔉᷒Ⱦ
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ӶѾᱥ㔕䇗δ6WDWLVWLFVε"

• FKDW*37� Statistics is a branch of mathematics that deals with
collecting, analyzing, interpreting, presenting, and organizing data.
It involves methods and techniques for summarizing and
describing data, making inferences and predictions based on data,
and testing hypotheses. Statistics is widely used in various fields,
such as business, economics, social sciences, medicine, and many
others, to make informed decisions and draw meaningful
conclusions from data.

• ൞㋈ᆆ⢟⨼ѣθ㔕䇗ᱥж〃ᇔ僂ᮦᦤ᷆࠼Ⲻާ䙐䈣䀶θᱥ⭞
ԛ᷆࠼Ƚ䈖䠀ᇔ僂ᮦᦤθ㺞䘦⢟⨼㔉᷒ⲺᮦᆜᐛޭȾ
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ᇔ僂㔉᷒⽰ׁ

DayaBayPandaX-4T

XENONnT

ؗਭᱴ㪍ᙝ ॰䰪զ䇗 ৸ᮦ⎁䠅δ䈥ᐤε

CDF II
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ᨆ 㓨

v Ᾰ⦽䇰ะ⹶

v 䳅ᵰ਎䠅ȽᾸ⦽

v ᑮ㿷Ᾰ⦽࠼ᐹ

v 䈥ᐤՖ䙈ޢᕅ

v 㔕䇗᷆࠼

v ৸ᮦզ䇗

v ॰䰪զ䇗

v 䇴Ỷ僂ٽ

ᵢ䈴Ԭٕ䢪Ҽ䱾᱄≪㘷ᐾૂࠂᇬᶦ㘷ᐾⲺ䈴Ԭ
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৸㘹䍺ᯏ

• Ʌᇔ僂⢟⨼ѣⲺᾸ⦽ૂ㔕䇗Ɇ ᵧ≮⭕ 㪍

• Ʌ儎㜳⢟⨼ᮦᦤ᷆࠼φ㔕䇗ᯯ⌋ᇔ⭞᤽঍Ɇ ᵧ≮⭕�㜗㓘⌘
䈇

• Ʌ'DWD $QDO\VLV LQ +LJK (QHUJ\ 3K\VLFV� $ 3UDFWLFDO
*XLGH WR 6WDWLVWLFDO 0HWKRGVɆ� 2� %(+1.(� .�
.521,1*(5� *� 6&+277� 7� 6&+251(5�6$'(1,86

• Ʌ6WDWLVWLFDO 'DWD $QDO\VLVɆ� *OHQ� &2:$1

• 3DUWLFOH 'DWD %RRN� VHFWLRQV RQ SUREDELOLW\�
VWDWLVWLFV� 0RQWH &DUOR� KWWSV���SGJ�OEO�JRY
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䳅ᵰӁԬ

• ൞⴮ੂᶗԬсሯੂжӁ⢟ڐཐ⅗⎁䠅ᡌ䈋僂θঋѠ⎁䠅ᡌ䈋
僂Ⲻ㔉᷒ᱥу⺤ᇐⲺθ㙂ཝ䠅䠃གྷ䈋僂Ⲻ㔉᷒ࡏ㺞⧦࠰Ḇ〃㿺
ᗁᙝθޭᴿ䘏〃ᙝ䍞Ⲻ䈋僂〦Ѱ䳅ᵰ䈋僂Ⱦ

• 䳅ᵰ䈋僂ѣਥ㜳࠰⧦Ⲻ਺〃㔉᷒〦Ѱ䳅ᵰӁԬȾ

• 䳅ᵰ䈋僂ѣ∅ж〃ਥ㜳࠰⧦Ⲻ㔉᷒ᱥᴶㆶঋᴶะᵢⲺӁԬθ
〦ѰะᵢӁԬȾ䳅ᵰ䈋僂(ⲺᡶᴿะᵢӁԬ㓺ᡆⲺ䳼ਾ〦Ѱ(Ⲻ
ṭᵢグ䰪
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Ᾰ⦽Ⲻᇐѿ

• 䠃གྷḆ〃䳅ᵰ䈋僂N⅗θެѣӁԬA࠰⧦n⅗θӁԬAⲺᾸ⦽ᇐ
ѿѰ䈋僂⅗ᮦN䏁ੇӄᰖキཝⲺᶷ䲆᛻ᖘсⲺ仇⦽φ

𝑃(𝐴) = lim
*→,

𝑛
𝑁

ӁԬⲺᾸ⦽ᱥ䳅ᵰ䈋僂ѣ䈛ӁԬਇ⭕Ⲻਥ㜳ᙝཝቅⲺᮦ䠅㺞䘦

• 䇴SѰж䳅ᵰ䈋僂EⲺṭᵢグ䰪θሯӄEⲺԱжӁԬAθ┗䏩ྸ
сᶗԬⲺжѠ䶔䍕ᇔᮦP(A)〦ѰӁԬAⲺᾸ⦽φ

�� � ŏ 3�$εŏ�θሯж࠽$ ⊂ 6 �䶔䍕ᙝ�

�� 3�6ε � δᖈжᙝε

�� ሯ њ њ ӈ ᯛ Ӂ Ԭ $L�L ����Ċ� ᴿ 3�$��$��Ċ ε  
3�$���3�$���Ċ δਥࡍਥࣖᙝε

��� ḥቊ㧡ଛ⍑ཡޢ⨼
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ᶗԬᾸ⦽

• ⲺᶗԬ$⧦࠰ⲺᾸ⦽уѰ䴬θ൞㔏ᇐ%Ⲻ᛻߫с⧦࠰%䇴ӁԬٽ
Ᾰ⦽ᇐѿѰφ

𝑃(𝐴|𝐵) =
𝑃(𝐴 ∩ 𝐵)
𝑃(𝐵)

ྸ᷒$ф%⤢㄁θࡏ
𝑃 𝐴 ∩ 𝐵 = 𝑃(𝐴) 3 𝑃(𝐵)

𝑃 𝐴 𝐵 =
𝑃(𝐴) 3 𝑃(𝐵)

𝑃(𝐵)
= 𝑃(𝐴)

ੂ⨼ਥᗍ
𝑃 𝐵 𝐴 = 𝑃 𝐵

㺞⽰ӁԬAȽB⴮ӈ⤢㄁ᰬθࡏӁԬAⲺਇ⭕фੜሯӁԬBⲺᾸ⦽
⋗ᴿᖧଃθਃҁӜ❬Ⱦ
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䍓ਬᯥᇐ⨼

⭧ᶗԬᾸ⦽⸛： 𝑃(𝐴|𝐵) = 4(5∩6)
4(6)

， 𝑃(𝐵|𝐴) = 4(6∩5)
4(5)

∵ 𝑃 𝐴 ∩ 𝐵 = 𝑃 𝐵 ∩ 𝐴

∴ 𝑃 𝐴 𝐵 =
𝑃(𝐵|𝐴) 3 𝑃(𝐴)

𝑃(𝐵)
,Ѱ⴮ӈᧈᯛⲺᆆ䳼Ai࠼䳼Sޞᕅਥ⸛θሼޢ⦽Ᾰޞ⭧ ঩ ∑: 𝐴: = 𝑆

𝑃(𝐵) =<
:

𝑃 𝐵|𝐴: 3 𝑃(𝐴:)

𝑃 𝐴: 𝐵 =
𝑃(𝐵|𝐴:) 3 𝑃(𝐴:)

𝑃(𝐵)
=

𝑃(𝐵|𝐴:) 3 𝑃(𝐴:)
∑: 𝑃 𝐵|𝐴: 3 𝑃(𝐴:)
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Ᾰ⦽䇗㇍ׁ从φ

• ᴿпѠ⴮ੂⲺ䫧㻁%�θ%�θ%�Ⱦ%޻�㻻�᷐䠇ᐷθ%޻�㻻䠇ᐷȽ䬬ᐷ਺
ж᷐θ%޻�㻻�᷐䬬ᐷȾ䳅ᵰ൦䘿਌жѠ䫧㻁ᒬ᪮࠰ж᷐䫧ᐷθ䇴᪮
сⲺҕᱥж᷐䠇ᐷⲺᾸ⦽Ѱཐཝϋ֏޻Ⲻᱥж᷐䠇ᐷθ䰤䈛䫧㻁ࡦ

䀙φԚㅢж⅗᪮ᗍ䠇ᐷᱥӁԬ$θഖѰਠᴿ䘿਌Ⲻ䫧㻁ᱥ%�ᰬ֏с
Ⲻᢃᱥ䠇ᐷθᡶԛ䈛䰤从ᇔ䱻рᱥ㾷≸ᶗԬᾸ⦽𝑃 𝐵=|𝐴 Ⱦ

ṯᦤᐨ⸛ᶗԬθԄпѠ䫧㻁ѣ᪮ᗍж᷐䠇ᐷⲺᶗԬᾸ⦽ࡡ࠼ᱥ
𝑃 𝐴|𝐵= = 1，𝑃 𝐴|𝐵? = ⁄1 2，𝑃 𝐴|𝐵B = 0

⭧ӄ䫧㻁ᱥ䳅ᵰ䘿ᇐⲺθ䘿ѣ%�θ%�θ%�ⲺᾸ⦽⴮ㅿ,᭻ᴿφ
𝑃 𝐵= = 𝑃 𝐵? = 𝑃 𝐵B = ⁄1 3

ṯᦤ䍓ਬᯥᇐ⨼ਥᗍφ𝑃 𝐵= 𝐴 = 4 5|6E 4 6E
∑FGE
H 4 5|6F 4 6F

= ?
B
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䳅ᵰ਎䠅

• 䳅ᵰ਎䠅φ䳅ᵰӁԬⲺᮦ䠅㺞⧦

• ṯᦤ䳅ᵰ਎䠅൞жᇐ॰䰪޻਌ٲ
ᮦ䠅ᱥੜᴿ䲆θ࠼Ѱ

ā⿱ᮙශδGLVFUHWHε

ā䘔㔣ශ �FRQWLQXRXV�

䘔㔣ශ਎䠅;φ

• Ᾰ⦽ᇼᓜ࠳ᮦδS�G�Iεφ𝑓 𝑥 = 4(K∈[N,NPQN])
QN

• ᮦφ࠳ᐹ࠼ 𝐹 𝑥 = ∫U,
N 𝑓 𝑡 𝑑𝑡 = 𝑃(𝑋 ≤ 𝑥)� 𝑓 𝑥 = Z[(N)

ZN

⿱ᮙශ਎䠅;φ 𝑓: = 𝑃 𝑥: , 𝐹 𝑥 = ∑N\NF 𝑃(𝑥:)



䳅ᵰ਎䠅Ⲻᮦᆍ⢯ᖷ

• ᵕᵑٲφ𝐸(𝑥) = ∫𝑥𝑓 𝑥 𝑑𝑥 = 𝜇
• ᯯᐤφ 𝑉(𝑥) = 𝐸 𝑥 − 𝐸 𝑥 ? = 𝐸 𝑥? − 𝜇? = 𝜎?

• ḽᯯ߼ᐤφ 𝜎 = 𝑉(𝑥)
• ᴶਥࠖٲφ ┗䏩𝑓 𝑥bcd = maxN∈g{𝑓(𝑥)}Ⲻٲ xpro

• অᯯᐤφ Cov 𝑥, 𝑦 = 𝐸 𝑥 − 𝜇N 𝑦 − 𝜇n = 𝐸 𝑥𝑦 − 𝜇N 𝜇n

• ⴮ީ㌱ᮦφ 𝜌Kp =
qrs N,n
tutv

, −1 ≤ 𝜌Kp ≤ 1



儎ᯥ࠼ᐹ

• Ᾰ⦽ᇼᓜ࠳ᮦφ𝑓 𝑥; 𝜇, 𝜎? = 𝑁 𝜇, 𝜎? = =
?xt

𝑒U
(z{|)}

}~}

• ᵕᵑٲφ𝐸 𝑥 = ∫U,
, 𝑥𝑓 𝑥; 𝜇, 𝜎? 𝑑𝑥 = 𝜇

• ᯯᐤφ 𝑉(𝑥) = 𝐸 𝑥? − 𝜇? = 𝜎?

• ሯӄ䇮ཐޮශⲺ⎁䠅䈥ᐤθ
儎ᯥ࠼ᐹᱥ䖹ླⲺ䘇ղȾ



ӂ亯ᕅ࠼ᐹ

• Ᾰ⦽࠼ᐹ࠳ᮦφ𝑃 𝑛;𝑁, 𝑝 = *!
�! *U� !

𝑝�(1 − 𝑝)*U�

• ᵕᵑٲφ𝐸 𝑛 = ∑���* 𝑛 3 𝑃 𝑛;𝑁, 𝑝 = 𝑁𝑝
• ᯯᐤφ 𝑉(𝑛) = 𝐸 𝑛? − 𝐸 𝑛 ? = 𝑁𝑝(1 − 𝑝)

1⅗⤢㄁⎁䠅θ∅⅗ᡆࣕⲺᾸ⦽䜳ᱥp��ᗍࡦQ⅗ᡆࣕⲺᾸ⦽ᱥφ

ӂ亯࠼ᐹѣⲺ৸ᮦpᖶᖶᱥᵠ⸛Ⲻθ亱

⭧ᇔ僂ᶛ⎁ᇐȾᖉ䈋僂⅗ᮦ1䏩ཕཝθ
ӁԬ࠰⧦⅗ᮦѰQᰬθӁԬ࠰⧦Ⲻ仇⦽

δᡌ〦᭾⦽ε঩Ѱφ 𝑝 = �
*

᭾⦽Ⲻᯯᐤφ𝑉 𝑝 = 𝑉 �
*

= b(=Ub)
*



ᖺ䘯䠃ᔰ᭾⦽ׁ从φ
• ᇔ僂ѣжѠᑜ⭫㋈ᆆサ䗽ж㓺�Ѡᖺ䘯ᇚθ੄㘻⭞ᶛ⎁䠅㋈
ᆆⲺփ㖤Ⱦ∅жᖺ䘯ᇚ⎁䠅㋈ᆆⲺ᭾⦽Ѱ����ྸ᷒㠩ቇᴿ�Ѡ
ᖺ䘯ᇚ䇦ᖋࡦ㋈ᆆⲺ࠱ѣቧ㜳⺤ᇐжᶗ䠃ᔰⲺᖺ䘯θࡏᖺ䘯
Ⲻ䠃ᔰ᭾⦽ᱥཐቇϋ

䀙φṯᦤӂ亯ᕅ࠼ᐹθᴿ�Ѡ࠱ѣ⛯ⲺᾸ⦽Ѱφ

𝑃 4; 6, 0.95 =
6!
4! 2! 0.95

�0.05? = 0.031

ᴿ�Ѡ࠱ѣ⛯ⲺᾸ⦽Ѱφ

𝑃 5; 6, 0.95 =
6!
5! 1!

0.95�0.05= = 0.232

ᴿ�Ѡ࠱ѣ⛯ⲺᾸ⦽Ѱφ

𝑃 6; 6, 0.95 =
6!
6! 0!

0.95�0.05� = 0.735

ᙱ᭾⦽Ѱφ�����������������  �����  �����



ཐ亯ᕅ࠼ᐹ

• Ᾰ⦽࠼ᐹ࠳ᮦφ𝑃 𝑛;𝑁, 𝑝⃗ = *!
�!…��!

𝑝=�E …𝑝���

• ᵕᵑٲφ𝐸 𝑛: = 𝑁𝑝:
• ᯯᐤφ 𝑉(𝑛:) = 𝑁𝑝:(1 − 𝑝:)
• অᯯᐤφ 𝑉:� = −𝑁𝑝:𝑝�(𝑖 ≠ 𝑗)

фӂ亯ᕅ࠼ᐹ㊱ղθռ㔉᷒ᴿl〃θᾸ⦽ࡡ࠼ᱥ𝑝⃗ =(p1� p2 �Ċ� pl )

∅〃㔉᷒ਇ⭕Ⲻ⅗ᮦᱥ𝑛 = (n1� n2 �Ċ� nl )



⌀ᶴ࠼ᐹ

• Ᾰ⦽࠼ᐹ࠳ᮦφ𝑃 𝑛; 𝜆 = ��

�!
𝑒U�

• ᵕᵑٲφ𝐸 𝑛 = ∑���, 𝑛 3 𝑃 𝑛; 𝜆 = 𝜆
• ᯯᐤφ 𝑉(𝑛) = 𝐸 𝑛? − 𝜆? = 𝜆

ᨅ䘦䳅ᵰӁԬਇ⭕Ⲻ仇⦽ⲺᾸ⦽࠼ᐹ

• ⴪ᯯഴѣ∅Ѡ॰䰪޻ⲺӁׁᮦਥ
ԛⵁᡆφ

o ᙱӁׁᮦᵃԄ⌀ᶴ࠼ᐹθ਺㠠ᵃ
Ԅཐ亯ᕅ࠼ᐹ

o ᵃԄ⤢㄁Ⲻ⌀ᶴ࠼ᐹθ䈥ᐤѰ 𝑛



⌀ᶴ࠼ᐹ ➞ 儎ᯥ࠼ᐹ

ᵕᵑٲѰQ�䘒ཝӄ�ᰬ�Ⲻ⌀ᶴ࠼ᐹ䏁䘇ӄμ Q�𝜎� QⲺ儎ᯥ࠼ᐹ



গᯯ࠼ᐹ

• ྸ᷒𝑥=, … , 𝑥�ᵃԄḽ߼↙ᘷ࠼ᐹ𝑁(0,1)�䛙Ѿ𝑧 = ∑:�=� 𝑥:?ᵃԄ

㠠⭧ᓜѰkⲺ𝜒?࠼ᐹ𝑓 𝑧; 𝑘 = �
�
}{E

?
�
} �(�})

𝑒 ⁄U� ?Ⱦ

• Γ࠳ᮦⲺᇐѿѰφΓ 𝑟 = ∫�
, 𝑥cU= 𝑒UN𝑑𝑥

• ᵕᵑٲφ𝐸 𝑧 = 𝜇 = 𝑘
• ᯯᐤφ 𝑉 𝑧 = 𝜎? = 2𝑘

z



ѣᗹᶷ䲆ᇐ⨼

• ѣᗹᶷ䲆ᇐ⨼φሯӄQѠӈ⴮⤢㄁ⲺㅜਾԱᝅⲺᾸ⦽࠼ᐹ࠳
ᮦⲺ਎䠅x1�Ċ�xnδ㾷≸਺㠠Ⲻᒩൽٲμiૂᯯᐤ𝜎:?ᱥᴿ䲆Ⲻε
θᆹԢⲺૂ𝑋 = ∑𝑥:൞QĮĺᰬㅜਾᒩൽٲѰ∑𝜇:θᯯᐤѰ
∑𝜎:?Ⲻ儎ᯥ࠼ᐹȾ

• ൞䘸ᖉᶗԬсθཝ䠅⴮ӈ⤢㄁䳅ᵰ਎䠅Ⲻൽٲ㔅䘸ᖉḽ߼ौ
੄࠼דᐹ᭬ᮑӄ↙ᘷ࠼ᐹȾ䘏㓺ᇐ⨼ᱥᮦ⨼㔕䇗ᆜૂ䈥ᐤ࠼
᷆Ⲻ⨼䇰ะ⹶θ᤽࠰Ҽཝ䠅䳅ᵰ਎䠅ҁૂ䘇ղᵃԄ↙ᘷ࠼ᐹ
ⲺᶗԬȾ



䈥ᐤՖ䙈ޢᕅ

• 䇴𝑥⃗ٽ = 𝑥=, … , 𝑥� ᵃԄ㚊ਾᾸ⦽࠼ᐹ𝑓(𝑥⃗)�ᐨ⸛অᯯᐤ𝑉:� =
Cov[𝑥:, 𝑥� ] � ᵕ ᵑ 𝜇⃗ = 𝐸[𝑥⃗] � ⧦ ᴿ ж ࠳ ᮦ 𝑦(𝑥⃗) � ެ ᵕ ᵑ ٲ

𝐸 y 𝑥⃗ = 𝑦(𝜇⃗)�ྸ֋䇗㇍䈛࠳ᮦⲺᯯᐤ𝑉 y 𝑥⃗ "

⭧ᯯᐤ䇗㇍ޢᕅਥᗍφ 𝑉 𝑦 𝑥⃗ = 𝐸 𝑦? 𝑥⃗ − 𝐸 𝑦 𝑥⃗ ?θ
䴶㾷䇗㇍𝐸 𝑦? 𝑥⃗ �

ሼ𝑦(𝑥⃗)൞𝜇⃗䱺䘇ڐж䱬⌦ईኋᔶθ𝑦 𝑥⃗ = 𝑦 𝜇⃗ + ∑:�=� £n
£NF N⃗�¤

(𝑥: − 𝜇:)

𝐸 𝑦? 𝑥⃗ ≈ 𝑦? 𝜇⃗ + 2𝑦 𝜇⃗ 3 ∑:�=� £n
£NF N⃗�¤

𝐸[ 𝑥: − 𝜇: ] +

𝐸[(∑:�=� £n
£NF N⃗�¤

𝑥: − 𝜇: ) 3 ( ∑��=� £n
£N¦ N⃗�¤

(𝑥� − 𝜇�))]

ㅢӂ亯  �

<
:,��=

�
𝜕𝑦
𝜕𝑥:

𝜕𝑦
𝜕𝑥� N⃗�¤

𝑉:�



䈥ᐤՖ䙈ޢᕅ

𝑉 𝑦 𝑥⃗ = 𝑦? 𝜇⃗ + <
:,��=

�
𝜕𝑦
𝜕𝑥:

𝜕𝑦
𝜕𝑥� N⃗�¤

𝑉:� − 𝐸 𝑦 𝑥⃗ ?

ഖ㙂φ 𝑉 𝑦 𝑥⃗ = ∑:,��=� £n
£NF

£n
£N¦ N⃗�¤

𝑉:�

ᖉ𝑥:ૂ𝑥�у⴮ީᰬθ𝑉:: = 𝜎:?, 𝑉:� = 0

ׁ�φ 𝑦 = 𝑎𝑥= + 𝑏𝑥?

𝜎n? = 𝑎?𝜎NE
? + 2𝑎𝑏Cov(𝑥=, 𝑥?) + 𝑏?𝜎N}

?

ׁ�φ 𝑦 = ªNE
N}

𝜎n? = (
𝑎
𝑥?
)?𝜎NE

? − 2
𝑎
𝑥?
𝑎𝑥=
𝑥??

Cov(𝑥=, 𝑥?) + (
𝑎𝑥=
𝑥??
)?𝜎N}

?

𝜎n? = (
𝑦
𝑥=
)?𝜎NE

? − 2
𝑦
𝑥=

𝑦
𝑥?
Cov(𝑥=, 𝑥?) + (

𝑦
𝑥?
)?𝜎N}

?

𝜎n?

𝑦?
=
𝜎NE
?

𝑥=?
−
2Cov(𝑥=, 𝑥?)

𝑥=𝑥?
+
𝜎N}
?

𝑥??
𝜎n?

𝑦?
=
𝜎NE
?

𝑥=?
+
𝜎N}
?

𝑥??
𝑥=, 𝑥?不相关
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৸ᮦզ䇗

• ᐨ⸛ᙱ։࠼ᐹⲺᾸ⦽ᇼᓜ࠳ᮦᖘᕅθռ੡ᴿᵠ⸛৸ᮦθъᐨ㧭
ᗍж㓺ᴿ䲆Ⲻ⎁䠅ٲȾ

• ਥ䙐䗽䘏㓺⎁䠅ٲᶛզ䇗ᵠ⸛৸ᮦⲺᮦٲ਀䇺զެ䈥ᐤ

• 𝑥« = =
*
∑:�=* 𝑥:

• 𝜎«? =
=

*U=
∑:�=* (𝑥:−𝑥«)?

• 𝛿𝑥« = t­
*

• 𝛿𝜎« = t­
?*



ᴶཝղ❬⌋

• ᇔ僂рሯޭᴿ𝑓ྸٽ 𝑥; 𝜗 �ᐹⲺ਎䠅𝑥⎁䠅Ҽж㓺ᮦᦤ࠼𝑥=, … , 𝑥� �

ެѣ𝜗ᱥᾸ⦽ᇼᓜ࠳ᮦѣⲺᵠ⸛৸ᮦȾ⎁䠅ٲѰ𝑥:ⲺᾸ⦽Ѱ𝑓 𝑥:|𝜗

• ᆆṭ𝑥=, … , 𝑥�Ⲻ㚊ਾᾸ⦽ᇼᓜ⭧ղ❬࠳ᮦ㔏࠰φ

𝐿 𝑥⃗ 𝜗 = 𝐿 𝑥=, … , 𝑥� 𝜗 =°
:�=

�

𝑓 𝑥:|𝜗

• ṯᦤᶷཝղ❬৕⨼θ൞৸ᮦⲺグ䰪޻θᓊᖉ䘿᤟ֵղ❬࠳ᮦ

𝐿 𝑥⃗ 𝜗 䗴ࡦᶷཝⲺ৸ᮦٲ ±𝜗֒Ѱᵠ⸛৸ᮦⲺզ䇗ٲφ

𝐿 𝑥⃗ ±𝜗 ≥ 𝐿 𝑥⃗ 𝜗



ᴶཝղ❬⌋

Gaus(10, 1)

Gaus(5, 1)

Gaus(10, 3)

𝐿 𝑥⃗ ±𝜗 =°
:�=

�

𝑓 𝑥:|𝜇 = 10, 𝜎 = 1

𝐿 𝑥⃗ 𝜗 =°
:�=

�

𝑓 𝑥:|𝜇 = 5, 𝜎 = 1

𝐿 𝑥⃗ 𝜗 =°
:�=

�

𝑓 𝑥:|𝜇 = 10, 𝜎 = 3

Maximum

• ྸ᷒ղ❬࠳ᮦሯ𝜗Ⲻӂ䱬ሲ
ᮦᆎ൞θᶷཝղ❬զ䇗 ±𝜗ਥ
䙐䗽≸䀙ᯯぁ㓺ᗍࡦφ

𝜕𝐿 𝑥⃗ 𝜗
𝜕𝜗

=
𝜕
𝜕𝜗

°
:�=

�

𝑓 𝑥:|𝜗 = 0,

𝜕?𝐿 𝑥⃗ 𝜗
𝜕𝜗?

|³�³́ =
𝜕?

𝜕𝜗?
°
:�=

�

𝑓 𝑥:|𝜗
³�³́

< 0



ᴶቅӂҎ⌋

• ൞1Ѡ㿸⎁⛯𝑥=, … , 𝑥* �䙐䗽⎁䠅ᗍࡦ⴮ӈ⤢㄁Ⲻ㿸⎁ٲ𝑌=, … , 𝑌*�
⴮ᓊⲺ㿸⎁ٲⵕٲ𝜂=, … , 𝜂*Ѱᵠ⸛Ⱦٽᇐᆎ൞ḆѠ⨼䇰⁗ශਥ人⎁ф
㿸⎁⛯𝑥:ሯᓊⲺ𝜂:: 𝜂: = 𝜆(𝜗=, … , 𝜗¹; 𝑥:)

• ᤿➝ᴶቅӂҎ৕⨼θᵠ⸛৸ᮦ𝜗ⲺᴶՎզ䇗ٲᱥֵ䠅φ

𝑄? =<
:�=

*

(𝑌: − 𝜂:)?𝑤:

䗴ࡦᶷቅⲺ৸ᮦٲ ±𝜗ȾᕅѣⲺᵹ䠃ഖᆆж㡢਌Ѱ㿸⎁ٲⲺᯯᐤⲺوᮦȾ

• ྸ᷒ሼ㿸⎁䠅㘹㲇ѰᮦᆜᵕᵑㅿӄⵕٲⲺ⌀ᶴ਎䠅𝑤: =
=
tF
} =

=
¼F
≈ =

pF
�

рᕅ਎Ѱࡏ 𝑄? = ∑:�=* (pFU¼F)
pF

?
ᵃԄ𝜒?࠼ᐹ



ᴶቅӂҎ⌋

• ,=𝑌ٲ⎁ᇐ㿸ٽ … , 𝑌* � ᱥީӄሯᓊⵕٲ𝜂=, … , 𝜂*Ⲻ儎ᯥ࠼ᐹφ঩
𝑌:~𝑁(𝜂:, 𝜎:?)1ࡏ�Ѡ㿸⎁䠅Ⲻղ❬࠳ᮦѰφ

𝐿 =°
:�=

*
1
2𝜋𝜎:

exp[−
1
2
(
𝑌: − 𝜂:
𝜎:

)?] ∝ exp[−
1
2
<
:�=

*

(
𝑌: − 𝜂:
𝜎:

)?]

рᕅⲺᶷཝղ❬ٲሯᓊⲺ঩ᱥ𝑄? = ∑:�=* (pFU¼F
tF

)?ѰᴶቅٲȾ

䘏〃᛻߫сθᴶཝղ❬⌋ૂᴶቅӂҎ⌋ᱥㅿ᭾ⲺȾ
𝑄?⴮ᖉӄ1Ѡḽ߼↙ᘷ࠼ᐹᒩᯯҁૂ



ᴶቅӂҎ⌋

• 𝑄? = 𝑁«ÂªÃÄcÂ«Â�ÅÃ − 𝑚bªcª«ÂÅÂcÃ = 𝑛. 𝑑. 𝑓 �㠠⭧ᓜᮦⴤ�

• ᵃԄ𝜒?࠼ᐹⲺ䳅ᵰ਎䠅Ⲻᵕᵑٲㅿӄ㠠⭧ᓜᮦⴤN�঩ᮦᦤ⛯Ⲻ
ᮦⴤࠅৱ৸ᮦⲺᮦⴤ�

• 䙐ᑮҕ⭞𝜒?䲚ԛ㠠⭧ᓜᮦⴤᶛ㺗䠅ᤕਾⲺླඅ

⭞S㔪ཐ亯ᕅᤕਾ�Ѡᮦᦤ⛯φ
𝜆 𝑥; 𝜗�, … , 𝜗b = ∑:��

b 𝜗: 𝑥:

𝜒? ϑ = −2ln𝐿(ϑ)
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㖤ؗ॰䰪

• ≸㖤ؗ॰䰪Ⲻж㡢ᯯ⌋φ

�� ᢴࡦऻ੡ᵠ⸛৸ᮦϑૂᆆṭ𝑥=, … , 𝑥�Ⲻ࠳ᮦ𝑡 = 𝑡(𝑥=, … , 𝑥�; ϑ)�ᆹᱥ
ީӄϑⲺঋ䈹࠳ᮦθъᾸ⦽ᇼᓜ𝑔(𝑡)Ѱᐨ⸛θфϑᰖީȾ

�� 𝑡ª࠰≹ = 𝑡 𝜗ª ૂ𝑡Ê = 𝑡 𝜗Ê �ֵᗍ𝛾 = 𝑃(𝑡ª ≤ 𝑡(𝜗) ≤ 𝑡Ê)�
�� 䙐䗽𝑡 ∼ ϑҁ䰪Ⲻ਎ᦘ≸ᗍ৸ᮦϑⲺ㖤ؗ॰䰪

• 䇴Ḇжᙱ։࠼ᐹ੡ᴿᵠ⸛৸ᮦϑθ 𝑥=, … , 𝑥�Ѱᇯ䠅QⲺжѠᆆṭȾሯ
ӄ㔏ᇐٲ𝛾(0 < 𝛾 < 1)�㤛⭧ᆆṭ⺤ᇐⲺњѠᮦٲ𝜗ª(𝑥=, … , 𝑥�)ૂ
𝜗Ê(𝑥=, … , 𝑥�)┗䏩φ𝛾 = 𝑃(𝜗ª ≤ 𝜗 ≤ 𝜗Ê)� ,〦[𝜗ªࡏ 𝜗Ê]Ѱ৸ᮦϑⲺᾸ
⦽䠅𝛾Ⲻ㖤ؗ॰䰪�ҕਥԛᱥঋ䗯զ䇗φ[−∞, 𝜗Ê] ᡌ㘻 [𝜗ª,∞]�



• 䇴┗䏩᤽ᮦ࠼ᐹ𝑓 𝑥; 𝜆 = 𝜆𝑒U�NⲺж㓺㿸⎁ٲѰ𝑥=, … , 𝑥�Ⱦ≸৸ᮦ𝜆
Ⲻ㖤ؗ≪ᒩѰ𝛾Ⲻ㖤ؗ॰䰪Ⱦ

॰䰪զ䇗φׁ从�

Ԛ𝑌 = ∑��=� 2𝜆𝑥� � ᮦਥ⸛θ࠳⢯ᖷެ᷆࠼ 𝑌ᵃԄ㠠⭧ᓜ�nⲺ𝜒?࠼ᐹȾ

ഖ↚θ䙐䗽ḛ䈘𝜒?(2𝑛)Ⲻ࠼փᮦ𝜒Î/?? ૂ𝜒=UÎ/?? ┗䏩

𝑃 𝜒 ⁄Î ?
? ≥ 𝑌 ≥ 𝜒=U ⁄Î ?

? = 1 − 𝛼 = 𝛾

঩ㅿੂӄφ𝑃
Ñ ⁄Ò }
}

? ∑¦GE
� N¦

≥ 𝜆 ≥
ÑE{ ⁄Ò }
}

? ∑¦GE
� N¦

= 1 − 𝛼 = 𝛾

⭧↚ᗍ࠰৸ᮦ𝜆Ⲻ㖤ؗ॰䰪Ѱφ[
Ñ ⁄Ò }
}

?�N̅
,
ÑE{ ⁄Ò }
}

?�N̅
]



॰䰪զ䇗φׁ从�

• 䇴┗䏩↙ᘷ࠼ᐹ𝑁(𝜇, 𝜎?)Ⲻж㓺㿸⎁ٲѰ𝑥=, … , 𝑥�θ𝜎?Ѱᐨ⸛Ⱦ≸৸
ᮦ𝜇Ⲻ㖤ؗ≪ᒩѰ𝛾Ⲻ㖤ؗ॰䰪Ⱦ

ᆆṭᒩൽٲ𝑥̅ = =
�
∑:�=� 𝑥:ᵃԄ↙ᘷ࠼ᐹ𝑁(𝜇, 𝜎?/𝑛)Ⱦ

ഖ↚θᇐѿ𝑌 = N̅U¤
t/ �

ᐹȾ࠼ᘷ↙߼𝑌┗䏩ḽࡏ��

ਥ≸࠰㔏ᇐ㖤ؗ≪ᒩ𝛾Ⲻѣᗹ॰䰪Ⲻрс䲆θ┗䏩
𝑃 −𝑧 ⁄Î ?≤ 𝑌 ≤ 𝑧 ⁄Î ? = 1 − 𝛼 = 𝛾

঩ㅿੂӄφ𝑃 𝑥̅ − 𝑧 ⁄Î ?
t
�
≤ 𝜇 ≤ 𝑥̅ + 𝑧 ⁄Î ?

t
�
= 1 − 𝛼 = 𝛾

⭧↚ᗍ࠰৸ᮦ𝜆Ⲻ㖤ؗ॰䰪Ѱφ[𝑥̅ − 𝑧 ⁄Î ?
t
�
, 𝑥̅ + 𝑧 ⁄Î ?

t
�
]



ղ❬࠳ᮦ֒॰䰪զ䇗

• 䇴Ḇжᙱ։࠼ᐹ𝑓(𝑥|ϑ)ⲺжѠᆆṭ𝑥=, … , 𝑥�Ⱦᖉᆆṭᇯ䠅䏁ӄᰖキ
ᰬθղ❬࠳ᮦ𝐿 𝑥⃗ ϑ = ∏:�=

� 𝑓 𝑥:|ϑ Ⲻᶷཝղ❬զ䇗 ±𝜗Ⲻ࠼ᐹ⑆䘇൦
ᵃԄ↙ᘷ࠼ᐹθᯯᐤ𝜎?䗴ࡦᴶቅᯯᐤ⮂φ

𝐿 𝑥⃗ ϑ → 𝐿 ϑ = 𝐿«ªN𝑒
U=?Õ, 𝑄 = (

ϑ − ±𝜗
𝜎

)?

䈛ᕅㅿԭӄφ ln𝐿 ϑ = ln𝐿«ªN −
=
?
𝑄� ঩ln𝐿 ϑ ᱥϑⲺᣑ⢟㓵ශ࠳ᮦ

ঋѠᵠ⸛৸ᮦղ❬॰䰪Ⲻ⺤ᇐ

ᐜφሯ〦Ⲻᣑ⢟㓵ශ
਩φуሯ〦Ⲻln𝐿 ϑ ᮦ࠳



ղ❬࠳ᮦ֒॰䰪զ䇗



ᴶቅӂҎ⌋֒॰䰪զ䇗

• ൞ᴶቅӂҎ⌋ѣθᵠ⸛৸ᮦ𝜗ⲺᴶՎզ䇗ٲᱥֵ䠅φ

𝑄? 𝜗 = ∑:�=* 𝑌: − 𝜂: ?𝑤: , 𝑤: =
=
tF
} 䗴ࡦᶷቅⲺ৸ᮦٲ ±𝜗Ⱦ

o㤛𝜗ऻ੡PѠ⤢㄁Ⲻᵠ⸛৸ᮦθࡏ𝑄? 𝜗 ┗䏩𝜒? 𝑁 −𝑚 ᐹ࠼

o㤛৸ᮦ䰪ᆎ൞NѠ⤢㄁Ⲻ㓜ᶕᯯぁθࡏ𝑄? 𝜗 ┗䏩𝜒? 𝑁 −𝑚 + 𝑘 ᐹ࠼

• 䖢ᦘѰφ

𝑄? 𝜗 = 𝑄Ö×Ø? + 𝜗 − ±𝜗
Ù
𝑉U= ±𝜗 𝜗 − ±𝜗 = 𝑄Ö×Ø? + 𝑎

ྸ᷒ਠऻ੡�Ѡᵠ⸛৸ᮦᰬθ 𝑄? 𝜗 = 𝑄Ö×Ø? + (³U³́)}

Ú(³́)
ᱥީӄ𝜗Ⲻᣑ⢟㓵

ᯯぁȾ



ᴶቅӂҎ⌋֒॰䰪զ䇗

DayaBay

𝑄? 𝜗 = 𝑄Ö×Ø? + 𝑎θ
𝑎 = 1?, 2?, 3?ᰬሯᓊⲺ𝜗њѠᮦٲ॰
䰪঩ᱥ㖤ؗ≪ᒩࡡ࠼Ѱ�����θ �����θ
�����Ⲻ㖤ؗ॰䰪Ⱦ
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䇴Ỷ僂ٽ

• ৸ᮦỶ僂φ࠼ᐹ࠳ᮦᖘᕅᐨ⸛θỶ僂ḆѠ৸ᮦᱥੜㅿӄḆѠ㿺ᇐٲ

• 䶔৸ᮦỶ僂φỶ僂䳅ᵰ਎䠅Ⲻ࠼ᐹᱥੜޭᴿḆѠ⢯ᇐⲺ࠳ᮦᖘᕅθ
ᡌᱥỶ僂њѠᙱ։ᱥੜޭᴿ⴮ੂⲺ࠼ᐹȾ

• ṯᦤỶ僂Ⲻሯ䊗θਥ࠼Ѱ৸ᮦỶ僂ૂ䶔৸ᮦỶ僂њ㊱

ׁྸφᯯੇ⴮ਃⲺ儎㜳䠅↙䍕⭫ᆆሯ᫔θӝ⭕жሯµᆆ
𝑒P + 𝑒U → 𝜇P + 𝜇U

ሺⲺ𝜇U㋈ᆆф䍕⭫ᆆҁ䰪Ⲻᶷ䀈𝜃ᱥжѠ䳅ᵰ਎䠅θ㾷≸⺤ᇐ𝜃࠰
Ⲻ࠼ᐹᱥੜޭᴿφ𝐶(1 + 𝑎cos?𝜃)���0 ≤ 𝜃 ≤ 𝜋Ⲻᖘᕅ

⺤ᇐ𝑎ᱥੜㅿӄḆѠ⢯ᇐٲ𝑎�"



䇴Ỷ僂ٽ

• ৕ٽ䇴𝐻�: 𝑎 = 𝑎�

• ༽᤟ٽ䇴𝐻=: 𝑎 = 𝑎= ᡌ 𝑎 ≠ 𝑎� ᡌ 𝑎 > 𝑎� ᡌ 𝑎 < 𝑎�

• ж㡢ᯯ⌋�

�� ᶺᔰỶ僂㔕䇗䠅t�ެᾸ⦽ᇼᓜ࠳ᮦᖘ
ᕅ𝑔(𝑡)Ѱδᡌ䰪᧛εᐨ⸛

�� ṯᦤ㔏ᇐⲺᾸ⦽𝛼≸࠰Ѫ⮂ٲ𝑡áÄÅθֵ

ެ┗䏩𝛼 = ∫Åâãä
, 𝑔 𝑡 𝐻� 𝑑𝑡

�� ṯᦤж㓺㿸⎁ٲ䇗㇍Ỷ僂㔕䇗䠅𝑡dÊÃ
�� ྸ᷒ 𝑡dÊÃ ≥ 𝑡áÄÅθࡏᤈ㔓𝐻� χྸ᷒

𝑡dÊÃ < 𝑡áÄÅ θࡏ᧛਍𝐻�



ղ❬∊Ỷ僂

• 䇴Ḇжᙱ։࠼ᐹ𝑓 𝑥 ϑ , 则𝐿 𝑥⃗ ϑ = ∏:�=
� 𝑓 𝑥:|ϑ Ⱦٽ䇴𝐻�ᱥሯḆѠ

ᵠ⸛৸ᮦࣖрḆѠ㓜ᶕᶗԬδྸㅿӄḆѠᑮᮦεθֵᗍϑ䲆࡬൞৸ᮦグ
䰪ΩⲺжѠᆆグ䰪𝜔ѣȾ

• 𝐿 𝑥⃗ ϑ ൞グ䰪ΩⲺᶷཝٲ䇦Ѱ𝐿(Ώ)θ൞ᆆグ䰪𝜔Ⲻᶷཝٲ䇦Ѱ𝐿 ç𝜔

• ᇐѿղ❬∊ 𝑡 = ¹(çè)
¹(ǵ)

ѰỶ僂㔕䇗䠅

𝛼 = ∫�
Åâãä 𝑔 𝑡 𝐻� 𝑑𝑡χ 𝑡dÊÃ ≥ 𝑡áÄÅθ᧛਍𝐻� χ𝑡dÊÃ < 𝑡áÄÅ θᤈ㔓𝐻�

θᖉᆆṭᇯ䠅ᖾཝᰬθ−2lnٲ𝐻�ֵrѠ৸ᮦ਌രᇐྸٽ 𝑡 䏁䘇ӄ𝜒? 𝑟



ؗਭᱴ㪍ᙝ

• ᵢᓋӁׁᵕᵑٲᱥ𝑏θ㿸⎁ࡦ𝑛�ѠӁׁθъ𝑛� > 𝑏
ā䘏Ѡᇔ僂㿸⎁Ⲻᱴ㪍ᙝᱥཐቇϋ

āᱥੜਇ⧦ҼжѠ᯦᭾ᓊδሲ㠪р䘦䎻࠰εϋ

āᡌ㘻䘏ӻӻᱥᵢᓋⲺ㔕䇗⏞㩳ϋ

• ᱴ㪍ᙝ𝑆φٽ䇴ӻᵕᖻᵢᓋӁׁᮦѰ𝑏ⲺᶗԬсθ㿸⎁ࡦуቇӄᖉࢃ
㿸⎁ӁׁᮦⲺᾸ⦽φ

𝑝 𝑛 > 𝑛� 𝑏 = <
���é

,

𝑝 𝑘 𝑏 = ê
ë

, 1
2𝜋

𝑒U
N}
? 𝑑𝑥

𝜎



զ䇗ؗਭᱴ㪍ᙝⲺㆶঋᯯ⌋φ 6�
• ሯӄཝ㔕䇗䠅᛻߫φ

• ᖾᑮ⭞Ⲻզ䇗ᯯᕅθռᱥሯӄቅ㔕䇗䠅Ⲻ᛻߫θᡶᗍ㔉᷒ф↙⺤㔉
᷒⴮ᐤ䖹ཝ

• ∊ྸ𝑏 < 100ᰬθ䘏Ѡᯯ⌋㇍࠰ᶛⲺ㔉᷒འཝδ儎զҼؗਭᱴ㪍ᙝε



զ䇗ؗਭᱴ㪍ᙝⲺㆶঋᯯ⌋φ 6F/

• Ⓠӄ∊䖹ࡡ࠼ะӄV�EૂE�RQO\њ〃ٽ䇴᛻߫с㿸⎁ࡦ𝑛�ӁׁᮦⲺᾸ⦽θ
঩ղ❬∊φ

• ᴪᲤ䘸Ⲻㆶঋᯯ⌋φ

• ᡶᗍ㔉᷒䙐ᑮфⵕᇔᱴ㪍ᙝ䶔ᑮ᧛䘇θ঩ֵᱥ䶔ᑮቅⲺ㔕䇗䠅θ
㔉᷒ҕуՐڅ⿱䎻䗽���𝜎



զ䇗ؗਭᱴ㪍ᙝⲺᑮ㿺ᯯ⌋φղ❬∊Ỷ僂

• ৕ٽ䇴𝐻�: 𝜇 = 0θ ༽᤟ٽ䇴𝐻=: 𝜇 > 0



ቅ 㔉

• ԁ㔃Ҽ㋈ᆆ⢟⨼ᇔ僂ѣᾸ⦽ૂ㔕䇗ⲺжӑะᵢᾸᘫૂᑮ⭞ᯯ⌋

• 㔕䇗᷆࠼ᱥжѠ⢟⨼᷆࠼Ⲻᴶ੄жѠ⧥㢸θҕᱥ䶔ᑮީ䭤Ⲻ⧥㢸

• Ա֋䠃㾷㔉᷒Ⲻӝ࠰䜳⿱уᔶཝ䠅Ⲻ㔕䇗Ỷ僂

• &RYHUDJH WHVW

• /RFDO VLJQLILFDQFH�

• *OREDO VLJQLILFDQFH

• /RRN (OVHZKHUH (IIHFW

• &/V� &/V�E
• ĊĊ



backup



ࣖᵹᒩൽٲ

• ᱥ𝜎=ૂ𝜎?Ⱦࡡ࠼𝑥=ૂ𝑥?Ⲻ䈥ᐤٲᇐ㠠⭧਎䠅𝑥ⲺњѠ⎁䠅ٽ
䛙Ѿ䙐䗽ࣖᵹᒩൽθᡇԢਥԛᗍࡦ𝑥Ⲻᴶ֩զ䇗ٲ਀ެ䈥ᐤφ

𝑥« = 𝑤=𝑥= + 𝑤?𝑥?, 𝜎«? =
tE}t}}

tE}Pt}}

ެѣφ𝑤= =
t}}

tE}Pt}}
, 𝑤?=

tE}

tE}Pt}}

• 䈥ᐤ⴮ሯᖾཝⲺ⎁䠅ਥԛ㻡ᘳ⮛θഖѰᆹᵹ䠃ᖾቅθᖾ䳴
ሯᴶ㓾զ䇗ٲӝ⭕ᖧଃθҕуՐ᭯஺⎁䠅㋴ᓜδ䈥ᐤε

• њѠжṭ㋴ᓜⲺ⎁䠅ᵹ䠃жṭθࣖᵹਾᒬ੄Ⲻ䈥ᐤᱥঋѠ
⎁䠅䈥ᐤⲺ��ĸ�



ᴶቅӂҎ⌋

• ྸ᷒𝜒?/Q�G�I䘒ቅӄ�θࡏ൞㔏ᇐⲺ⎁䠅䈥ᐤᶗԬсθᤕਾླ
ӄ人ᵕȾ㲳❬䜞Ԭᗍᴿ䰤从θռᱥ䘏ᰬ䴶㾷Ԋ㓼Ỷḛ䈥ᐤᱥੜ㻡
儎զθᡌ㘻ᱥੜᆎ൞↙ީ㚊⧦䊗δ㌱㔕䈥ᐤε

• ྸ᷒𝜒?/Q�G�I䘒ӄӄ�θࡏᴿ⨼⭧ᘶ⯇ٽ䇴Ⲻ↙⺤ᙝθ䙐ᑮݾ
Ỷḛᱥੜքզ䈥ᐤθᡌ㘻ᱥੜᆎ൞ᖾཝⲺ䍕ީ㚊δ㌱㔕䈥ᐤε

• 䙐䗽ެᆹFURVV�FKHFNVᢴ࠰ć䳆㰅ĈⲺ㌱㔕䈥ᐤ



ղ❬࠳ᮦ֒॰䰪զ䇗

• 䇴Ḇжᙱ։࠼ᐹ𝑓(𝑥|ϑ)ⲺжѠᆆṭ𝑥=, … , 𝑥�Ⱦ৸ᮦϑⲺуੂᮦٲᡶሯ
ᓊⲺղ❬࠳ᮦٲ𝐿 𝑥⃗ ϑ = ∏:�=

� 𝑓 𝑥:|ϑ ਥⵁᡆᱥϑ਌䈛ᮦᰬٲਥؗᓜ
Ⲻᓜ䠅θӄᱥ৸ᮦϑⵕٲ㩳൞॰䰪[𝜗ª, 𝜗Ê]޻Ⲻਥؗᓜ𝛾ਥᇐѿѰφ

𝛾 =
∫³ì
³í 𝐿 𝑥⃗ ϑ 𝑑ϑ

∫U,
, 𝐿 𝑥⃗ ϑ 𝑑ϑ

⭧䈛ᇐѿਥ⸛θ৸ᮦϑⵕٲ㩳൞॰䰪[−∞,∞]޻ⲺਥؗᓜѰ�

• њѠ㔕䇗䠅𝜗ª(𝑥=, … , 𝑥�)ૂ𝜗Ê(𝑥=, … , 𝑥�)┗䏩φ𝛾 = 𝑃(𝜗ª ≤ 𝜗 ≤ 𝜗Ê)�
,〦[𝜗ªࡏ 𝜗Ê]Ѱ৸ᮦϑⲺᾸ⦽䠅𝛾Ⲻ㖤ؗ॰䰪Ⱦ


