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∘

𝑘𝑘 𝑥𝑥1, 𝑥𝑥2,… , 𝑥𝑥𝑘𝑘

𝑥𝑥𝑜𝑜
− log(𝑝𝑝(𝑥𝑥𝑜𝑜)) 𝑝𝑝(𝑥𝑥𝑖𝑖)

𝑥𝑥𝑖𝑖
𝑥𝑥𝑜𝑜

𝑝𝑝𝑐𝑐(𝑥𝑥𝑜𝑜) 𝑝𝑝𝑓𝑓(𝑥𝑥𝑜𝑜)

= log 󶀢󶀢𝑝𝑝𝑓𝑓 󶀡󶀡𝑥𝑥𝑜𝑜󶀱󶀱󶀱󶀱 − log 󶀡󶀡𝑝𝑝
𝑐𝑐 󶀡󶀡𝑥𝑥𝑜𝑜󶀱󶀱󶀱󶀱 = log󶀧󶀧

𝑝𝑝𝑓𝑓 󶀡󶀡𝑥𝑥𝑜𝑜󶀱󶀱
𝑝𝑝𝑐𝑐 󶀡󶀡𝑥𝑥𝑜𝑜󶀱󶀱

󶀷󶀷 ,

𝐟𝐟
𝑓𝑓𝑖𝑖 𝑖𝑖 = 1, 2,… , 𝑘𝑘

𝐨𝐨

𝑓𝑓𝑜𝑜

(𝐨𝐨 || 𝐟𝐟) =
𝑘𝑘
󵠈󵠈
𝑖𝑖=1
𝑜𝑜𝑖𝑖 log

𝑜𝑜𝑖𝑖
𝑓𝑓𝑖𝑖

=
𝑘𝑘
󵠈󵠈
𝑖𝑖=1
𝑜𝑜𝑖𝑖 log 𝑜𝑜𝑖𝑖 −

𝑘𝑘
󵠈󵠈
𝑖𝑖=1
𝑜𝑜𝑖𝑖 log 𝑓𝑓𝑖𝑖,

0 log 0



𝐜𝐜

= (𝐨𝐨 || 𝐜𝐜) − (𝐨𝐨 || 𝐟𝐟)

=
𝑘𝑘
󵠈󵠈
𝑖𝑖=𝑖
𝑜𝑜𝑖𝑖 log 𝑓𝑓𝑖𝑖 −

𝑘𝑘
󵠈󵠈
𝑖𝑖=𝑖
𝑜𝑜𝑖𝑖 log 𝑐𝑐𝑖𝑖

=
𝑘𝑘
󵠈󵠈
𝑖𝑖=𝑖
𝑜𝑜𝑖𝑖 log

𝑓𝑓𝑖𝑖
𝑐𝑐𝑖𝑖
,

𝐨𝐨

⟨ ⟩ = 󶄇󶄇
𝑘𝑘
󵠈󵠈
𝑖𝑖=𝑖
𝑜𝑜𝑖𝑖 log

𝑓𝑓𝑖𝑖
𝑐𝑐𝑖𝑖
󶄗󶄗 ,

⟨⋅⟩
⟨ ⟩

(𝐨𝐨||𝐜𝐜)

𝐨𝐨

𝑖 =
⟨ ⟩

⟨ (𝐨𝐨 || 𝐜𝐜)⟩

= 𝑖 − ⟨ (𝐨𝐨 || 𝐟𝐟)⟩
⟨ (𝐨𝐨 || 𝐜𝐜)⟩

,

2 = 󶄅󶄅
(𝐨𝐨 || 𝐜𝐜)

󶄕󶄕

= 𝑖 − 󶄅󶄅
(𝐨𝐨 || 𝐟𝐟)
(𝐨𝐨 || 𝐜𝐜)

󶄕󶄕 .

𝑖 2 (𝐨𝐨||𝐜𝐜)
𝐜𝐜

𝑖

=
𝑘𝑘
󵠈󵠈
𝑖𝑖=𝑖
󶀡󶀡𝑓𝑓𝑖𝑖 log 𝑓𝑓𝑖𝑖 − 𝑐𝑐𝑖𝑖 log 𝑐𝑐𝑖𝑖󶀱󶀱 +

𝑘𝑘
󵠈󵠈
𝑖𝑖=𝑖
󶀡󶀡𝑜𝑜𝑖𝑖 − 𝑓𝑓𝑖𝑖󶀱󶀱 log 𝑓𝑓𝑖𝑖

−
𝑘𝑘
󵠈󵠈
𝑖𝑖=𝑖
󶀡󶀡𝑜𝑜𝑖𝑖 − 𝑐𝑐𝑖𝑖󶀱󶀱 log 𝑐𝑐𝑖𝑖.

= 𝑖 −
󶄂󶄂∑𝑘𝑘

𝑖𝑖=𝑖 𝑓𝑓𝑖𝑖 log 𝑓𝑓𝑖𝑖󶄒󶄒

󶄂󶄂∑𝑘𝑘
𝑖𝑖=𝑖 𝑐𝑐𝑖𝑖 log 𝑐𝑐𝑖𝑖󶄒󶄒

.

𝐨𝐨, 𝐟𝐟 𝐎𝐎, 𝐎𝐎

𝑉𝑉𝑗𝑗 ≡
𝑗𝑗

󵠈󵠈
𝑖𝑖=𝑖
𝑣𝑣𝑖𝑖.

= 𝑖 − ⟨ (𝐎𝐎 || 𝐎𝐎)⟩
⟨ (𝐎𝐎 || 𝐂𝐂)⟩

.

𝐎𝐎, 𝐎𝐎, 𝐂𝐂



=
𝑘𝑘
󵠈󵠈
𝑖𝑖=𝑖
󶀡󶀡𝑓𝑓𝑖𝑖 − 𝑜𝑜𝑖𝑖󶀱󶀱

2.

(𝐨𝐨𝐨𝐨𝐨𝐨𝐨

𝑖

= 𝑖 −
󶄂󶄂∑𝑘𝑘

𝑖𝑖=𝑖 󶀡󶀡𝑓𝑓𝑖𝑖 − 𝑜𝑜𝑖𝑖󶀱󶀱
2󶄒󶄒

󶄂󶄂∑𝑘𝑘
𝑖𝑖=𝑖 󶀡󶀡𝑐𝑐𝑖𝑖 − 𝑜𝑜𝑖𝑖󶀱󶀱

2󶄒󶄒
.

𝐨𝐨𝐨 𝐨𝐨
𝐎𝐎𝐨 𝐎𝐎

= 𝑖 −
󶄂󶄂∑𝑘𝑘

𝑖𝑖=𝑖 󶀡󶀡𝐹𝐹𝑖𝑖 − 𝑂𝑂𝑖𝑖󶀱󶀱
2󶄒󶄒

󶄂󶄂∑𝑘𝑘
𝑖𝑖=𝑖 󶀡󶀡𝐶𝐶𝑖𝑖 − 𝑂𝑂𝑖𝑖󶀱󶀱

2󶄒󶄒
.

−𝑖/(𝑘𝑘−𝑖𝐨 𝑘𝑘

= ⟨ (𝐨𝐨𝐨 𝐨𝐨𝐨 − (𝐜𝐜𝐨 𝐨𝐨𝐨⟩
⟨𝑖 − (𝐜𝐜𝐨 𝐨𝐨𝐨⟩

.

𝐨𝐨
(0.9𝐨 0.05𝐨 0.05𝐨

(0.4𝐨 0.3𝐨 0.3𝐨

∘

𝐜𝐜

𝐨𝐨 (𝑡𝑡 𝑡 𝑖𝐨 = (𝑖 − 𝛼𝛼𝐨 𝐨𝐨 (𝑡𝑡𝐨 𝑡 𝛼𝛼𝐨𝐨 (𝑡𝑡𝐨 .

𝐨𝐨
𝛼𝛼

𝛼𝛼

0.02 < 𝛼𝛼 <
0.08
𝑖/𝛼𝛼

𝐨𝐨 (𝑡𝑡 = 𝑖995𝐨
𝛼𝛼 = 0.04

𝛼𝛼

𝐨𝐨
𝐨𝐨

𝑓𝑓𝑖𝑖 =
𝑓𝑓𝑖𝑖 𝑓𝑓𝑖𝑖

∑𝑘𝑘
𝑗𝑗=𝑖 𝑓𝑓𝑗𝑗 𝑓𝑓𝑗𝑗

.

𝑃𝑃 < 0.05
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