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;ﾐ;ﾉ┞ゲYWゲ"┗ｷ;" ﾉ;"┗Wヴゲｷﾗﾐ"ヴ"S┌" ﾉﾗｪｷIｷWﾉく"1ｴ;ケ┌W"WﾐヴWｪｷゲデヴWﾏWﾐデ";"YデY"W┝ヮﾗヴデY"ゲﾗ┌ゲ" aﾗヴﾏW"SW"
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ｷﾐゲデ;ﾐデ;ﾐYWゲ"ヮ;ヴ"ﾉW"ﾉﾗｪｷIｷWﾉ"Iﾗﾐゲデヴ┌IデW┌ヴ"Sげ;ヮヴXゲ"SWゲ"Yケ┌;デｷﾗﾐゲ"ﾐﾗﾐ"ヮ┌HﾉｷYWゲく"]Wゲ"┗;ﾉW┌ヴゲ"SW"
7;#v"ﾗﾐデ"YデY"Wﾐゲ┌ｷデW";SSｷデｷﾗﾐﾐYWゲ"ゲ┌ヴ"ヲヴ"ｴ"ヮﾗ┌ヴ"WaaWIデ┌Wヴ"┌ﾐW"Wゲデｷﾏ;デｷﾗﾐ"ﾃﾗ┌ヴﾐ;ﾉｷXヴW"SW"ﾉ;"
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c;~ゲ"ン"<"ヶ" ヱヵンがヲ"в"ΑΒがヰ" ヱΓヱがΑ"в"Βヰがヲ" ヱヰヲがヴ"в"ヴンがン" ヱヶΒがΒ"в"ΒヰがΒ"
c;~ゲ"ヶ"<"Γ" Γがヲ"в"ヱヵがヲ" ヱΒがΒ"в"ヲヲがヵ" ヵがヶ"в"ΒがΑ" ヴがヱ"в"ヶがヱ"
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ヱくヱくヴく" ;aaWデゲ"SW"ﾉげｷﾐデWヴ┗Wﾐデｷﾗﾐ"

#ﾉﾗヴゲ" ケ┌W" ﾉWゲ" SﾗﾐﾐYWゲ" SW" ンヵ" ゲ┌ﾃWデゲ" ﾗﾐデ" YデY" ;ﾐ;ﾉ┞ゲYWゲ" ;┗;ﾐデ" ﾉげｷﾐデWヴ┗Wﾐデｷﾗﾐが" ゲW┌ﾉWゲ"
IWﾉﾉWゲ"SW"ヲヱ"ゲ┌ﾃWデゲ"ふΑ";Iデｷaゲが"Α"ゲYSWﾐデ;ｷヴWゲ"SW"ヮﾗｷSゲ"ﾐﾗヴﾏ;ﾉ"Wデ"Α"ゲYSWﾐデ;ｷヴWゲ"Wﾐ"ゲ┌ヴヮﾗｷSゲぶ"ﾗﾐデ"
YデY";ﾐ;ﾉ┞ゲYWゲ";┗WI"ﾉげｷﾐデWヴ┗Wﾐデｷﾗﾐく"]Wゲ"SWﾉデ;ゲ"ふﾉ;"┗;ﾉW┌ヴ"ヮﾗゲデどｷﾐデWヴ┗Wﾐデｷﾗﾐ"ﾏﾗｷﾐゲ"ﾉ;"┗;ﾉW┌ヴ"ヮヴYど
ｷﾐデWヴ┗Wﾐデｷﾗﾐぶ"SWゲ"SｷaaYヴWﾐデWゲ"I;ヴ;IデYヴｷゲデｷケ┌Wゲ"SWゲ"ゲ┌ﾃWデゲ"ゲﾗﾐデ"ヮヴYゲWﾐデYゲ"S;ﾐゲ"ﾉW"~;HﾉW;┌"ヵヰく"

~;HﾉW;┌"ヵヰく";aaWデゲ"SW"ﾉげｷﾐデWヴ┗Wﾐデｷﾗﾐ"ゲ┌ヴ"ﾉWゲ"I;ヴ;IデYヴｷゲデｷケ┌Wゲ"SWゲ"ゲ┌ﾃWデゲ"┌デｷﾉｷゲYゲ"ヮﾗ┌ヴ"ﾉWゲ";ﾐ;ﾉ┞ゲWゲ"ふﾏﾗ┞WﾐﾐW"SW"
ﾉ;" SｷaaYヴWﾐIW" WﾐデヴW" ﾉWゲ" ┗;ﾉW┌ヴゲ" ヮヴY" Wデ"ヮﾗゲデ" ｷﾐデWヴ┗Wﾐデｷﾗﾐ" в" YI;ヴデどデ┞ヮWぶく" }ｷｪﾐｷaｷI;デｷ┗ｷデY" SWゲ" SｷaaYヴWﾐIWゲ" ﾉｷYWゲ" <"
ﾉげｷﾐデWヴ┗Wﾐデｷﾗﾐ"ぎ"ゅ"ヮаヰがヰヵ"ゅゅヮаヰがヰヱ"

" ~ﾗデ;ﾉ" #Iデｷaゲ"ﾏｷﾐIWゲ" }YSWﾐデ;ｷヴWゲ"
ﾏｷﾐIWゲ"

}YSWﾐデ;ｷヴWゲ"
Wﾐ"ゲ┌ヴヮﾗｷSゲ"

" ﾐЭヲヱ" ﾐЭΑ" ﾐЭΑ" ﾐЭΑ"
vﾗｷSゲ"ふﾆｪぶ" ヰがヱヱ"в"ヱがヵΓ" ヰがンΓ"в"ヱがヶヶ"" どヰがヴヶ"в"ヱがヶΒ" ヰがヴヰ"в"ヱがヴΓ"
Nc1"ふﾆｪっﾏΖぶ" どヰがヰΒ"в"ヰがヴΒ" ヰがヲヶ"в"ヰがヴヲ"" どヰがヲΓ"в"ヰがンヱ" どヰがヲヱ"в"ヰがヵヴ"
c;ゲゲW"ｪヴ;ゲゲW"ふХぶ" ヰがヲヱ"в"ヱがヲヶ" ヰがΒヱ"в"ヱがンン"" どヰがヰヱ"в"ヱがヴヴ" どヰがヱΑ"в"ヰがΒΒ"
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~ﾗデ;ﾉWぱyわ7"ふ´ｪっﾏ]ぶ" ヱがヲヵ"в"ヰがヴヱ" ヰがヰヱ" どヱがΑヲ"в"ヰがΑΑ" ヰがヰヵ" どヱがヴ"в"ヰがヵヵ" ヰがヰン"
~ﾗデ;ﾉWぱ0┑ｴﾉく"ふ´ｪっﾏ]ぶ" ヰがヴヱ"в"ヰがヲヲ" ヰがヰΓ" どヰがヶン"в"ヰがンΒ" ヰがヱン" どヰがヴヰ"в"ヰがヲヲ" ヰがヱヰ"
Kc‡ぱcｷﾉﾉｷヮﾗヴW"ふ´ｪっﾏ]ぶ" ヰがヵヱ"в"ヰがヲン" ヰがヰヵ" どヱがンΑ"в"ヰがヵΑ" ヰがヰヵ" どヰがΒヵ"в"ヰがン" ヰがヰヲ"
Kc‡ぱ0┑ｴﾉく"ふ´ｪっﾏ]ぶ" ヰがヴン"в"ヰがヲヰ" ヰがヰヵ" どヰがヵΑ"в"ヰがヲΑ" ヰがヰヶ" どヰがヴヴ"в"ヰがヱン" ヰがヰヰΑ"
cc‡ぱ0┑ｴﾉく"ふ´ｪっﾏ]ぶ" どヰがヱヱ"в"ヰがヱン" ヰがンΓ" どヰがヰンン"в"ヰがヱヲ" ヰがΑΓ" どヰがヰヰΒ"в"ヰがヱヲ" ヰがΓヴ"
]c‡ぱ0┑ｴﾉく"ふ´ｪっﾏ]ぶ" ヰがヰΓヱ"в"ヰがヱヰ" ヰがヴΓ" どヰがヰンヶ"в"ヰがヱヱ" ヰがΑヵ" ヰがヰヴヵ"в"ヰがヰΓ" ヰがヶン"
Kc‡ぱ0┑ｴﾉく"ふХぶ" ヶがヱ"в"ンがヰ" ヰがヰΑ" どΑがヱ"в"ヲがン" ヰがヰヲ" どヱヱがΑ"в"ヲがヵ" ヰがヰヰヱ"
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~ﾗデ;ﾉWぱyわ7"ふ´ｪっﾏ]ぶ" どヰがヰヴヲ" ヰがヱン" ヰがヰΑ" ヰがヱヱ" ヰがヱヴ" どヰがンヰ" ヰがヰヰヱ" ヰがヰヰヰン"
~ﾗデ;ﾉWぱ0┑ｴﾉく"ふ´ｪっﾏ]ぶ" どヰがヰヰΓ" ヰがヴヵ" ヰがンヱ" ヰがンヶ" ヰがヴン" どヰがヰΓヲ" ヰがヰヰΓ" ヰがヰヰヲ"
Kc‡ぱcｷﾉﾉｷヮﾗヴW"ふ´ｪっﾏ]ぶ" どヰがヰヲヱ" ヰがヱΓ" ヰがヰヴ" ヰがヱヵ" ヰがヲヱ" どヰがヱヵ" ヰがヰヰヱ" ヰがヰヰヰヲ"
Kc‡ぱ0┑ｴﾉく"ふ´ｪっﾏ]ぶ" どヰがヰヱヱ" ヰがヲΑ" ヰがヱΒ" ヰがンΓ" ヰがヴン" どヰがヰΒヵ" ヰがヰヰヲ" ヰがヰヰヴ"
cc‡ぱ0┑ｴﾉく"ふ´ｪっﾏ]ぶ" どヰがヰヰヲ" ヰがヶΓ" ヰがヶン" ヰがヰΒ" ヰがヱン" どヰがヰヰン" ヰがΒΒ" ヰがヲヰ"
]c‡ぱ0┑ｴﾉく"ふ´ｪっﾏ]ぶ" ヰがヰヰヴ" ヰがヴン" ヰがヴΓ" ヰがンヴ" ヰがンヴ" どヰがヰヰヵ" ヰがΑΑ" ヰがΒヲ"
Kc‡ぱ0┑ｴﾉく"ふХぶ" どヰがヰヰヲ" ヰがヱΒ" ヰがヰΓ" ヰがヴン" ヰがヴヶ" どヰがヰヱヵ" ヰがヰヰヱ" ヰがヰヰヵ"
cc‡ぱ0┑ｴﾉく"ふХぶ" どヰがヰヰヰヱ" ヰがΓヱ" ヰがΓΑ" ヰがンヰ" ヰがンン" ヰがヰヰヵ" ヰがヲΒ" ヰがヶΒ"
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#ydﾏぱ~#" ヲがΓΑ" ヰがヰΓ" ヰがヲヰ" ヰがヰヵ" ヰがヰヴ" ヱヴがヲ" ヰがヰヵ" ヰがヰヲ"
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Fﾉ┞Iく"H;ゲ;ﾉW"ふｪっ]ぶ" ヰがヰヱ"ふヰがヰンぶ" ヰがヰヰ"ふヰがヱヴぶ" ヰがヰヰ"ふヰがヰΓぶ" ヰがヰヰ"ふヰがヱΒぶ" どヰがヰヲΓ"ふヰがΑヶぶ"
Fﾉ┞Iく"ゲ┌ヴ"Β"ｴ"ふｪっ]っﾏｷﾐぶ" ヰがヰヶΒ"ふヰがヰヵぶ" ヰがヰヰヰヱ"ふヰがヱヲぶ" ヰがヰヰヰヱ"ふヰがヲヲぶ" ヰがヰヰヰヲ"ふヰがヰΑぶ" ヰがΑΒ"ふヰがヲΑぶ"
Nﾐゲく"H;ゲ;ﾉW"ふﾐｪっﾏ]ぶ" ヰがヵン"ふヰがヰヲぶ" ヰがヰヰヱ"ふヰがヰンぶ" ヰがヰヰヱヱ"ふヰがヰヲぶ" ヰがヰヰヲ"ふヰがヰヰヵぶ" Αがヱ"ふヰがヱヴぶ"
Nﾐゲく"ゲ┌ヴ"Β"ｴ"ふヮﾏﾗﾉっ]っﾏｷﾐぶ" ヱヵがΓ"ふヰがヰΓぶ" ヰがヰンヴ"ふヰがヱヱぶ" ヰがヰンヱ"ふヰがヰΓぶ" ヰがヰヵΓ"ふヰがヰヲぶ" ンΓヱ"ふヰがヰンぶ"
1ｴﾗﾉく"H;ゲ;ﾉW"ふｪっ]ぶ" ヰがヰヴヱ"ふヰがヰンぶ" ヰがヰヰヰヱ"ふヰがヰヰヵぶ" ヰがヰヰヰヱ"ふヰがヰンぶ" ヰがヰヰヰヱ"ふヰがヰヲぶ" ヰがヴン"ふヰがヲヶぶ"
1ｴﾗﾉく"ゲ┌ヴ"Β"ｴ"ふｪっ]っﾏｷﾐぶ" ヰがヲヴ"ふヰがヲΑぶ" ヰがヰヰヰΒ"ふヰがヱヴぶ" ヰがヰヰヰΑ"ふヰがヱヲぶ" ヰがヰヰヰΑ"ふヰがヲΒぶ" ヱがΒヶ"ふヰがヶΑぶ"
~F"ふｪっ]ぶ" ヰがヰンΑ"ふヰがヱヲぶ" ヰがヰヰヰヱ"ふヰがヱンぶ" ヰがヰヰヰヱ"ふヰがヱヴぶ" ヰがヰヰヰヱ"ふヰがヱヶぶ" どヰがヰヱ"ふヰがΓΒぶ"
~F"ゲ┌ヴ"Β"ｴ"ふｪっ]っﾏｷﾐぶ" ヰがヲΒ"ふヰがンΑぶ" ヰがヰヰヰン"ふヰがヶヴぶ" ヰがヰヰヰン"ふヰがヵΑぶ" ヰがヰヰヰヵ"ふヰがヵヶぶ" どヴがヲン"ふヰがヴΓぶ"
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;SｷヮW┌┝"き"Sどyjcゲ"ぎ"デWゲデ"SW"SYデWIデｷﾗﾐ"ヮﾉ;ゲﾏ;デｷケ┌W"SWゲ"ﾏYデ;HﾗﾉｷデWゲ"ヴY;Iデｷaゲ"SW"ﾉげﾗ┝┞ｪXﾐWく"

" #ydﾏ"~#" #Sｷヮﾗyヱ" #Sｷヮﾗyヲ"
ΒどjKSF"ふﾐｪっﾏ]ぶ" ヰがヰヰヲ"ふヰがΑΑぶ" ヰがンン"ふヰがヱヵぶ" どヰがンン"ふヰがヶヲぶ"
Sどyjcゲ"ふ1#yy"⁄ぶ" どヰがヱΑ"ふヰがヲヲぶ" ヱがΒΑ"ふヰがヶΑぶ" ヱヰがヴ"ふヰがヴヰぶ"
j„”"ふ1#yy"⁄ぶ" どヰがヰヴΒ"ふヰがンヲぶ" どヱがヵΑ"ふヰがヲヵぶ" どヲがヲヵ"ふヰがヵΑぶ"
vヴﾗデYｷﾐWゲ"I;ヴHﾗﾐ┞ﾉYWゲ"ふﾏﾗﾉっｪぶ" どヰがヰヰヰヶ"ふヰがンヵぶ" ヰがヰヲヴ"ふヰがヱΑぶ" ヰがヱヱ"ふヰがヰヱぶ"
c7#ぱﾏ┌"ふヮﾏﾗﾉっнｪぶ" どヰがヰヰヰン"ふヰがヵヶぶ" どヰがヰヰヵ"ふヰがΑヱぶ" ヰがヰヱヱ"ふヰがΑΒぶ"
c7#ぱ~#"ふヮﾏﾗﾉっнｪぶ" ヰがヰヰヰヱ"ふヰがΓヴぶ" ヰがヰヴン"ふヰがヱΒぶ" ヰがヰΒΓ"ふヰがンΒぶ"
N]どヱé"ふﾐｪっﾏ]ぶ" ヰがヰヰヰヱ"ふヰがΑヱぶ" ヰがヰヲヱ"ふヰがヰンぶ" ヰがヰヶΓ"ふヰがヰヱぶ"
N]どヶ"ふﾐｪっﾏ]ぶ" どヰがヰヰヰヵ"ふヰがΑヱぶ" どヰがヰヴヲ"ふヰがンΒぶ" どヰがヰヵヱ"ふヰがΑヱぶ"
]ｷヮﾗI;ﾉｷﾐW"ふﾐｪっﾏ]ぶ" どヰがヰヰン"ふヰがΑΓぶ" どヰがヶヵ"ふヰがヰンぶ" どヰがΓヵ"ふヰがヲΒぶ"
ゲ~dE"yN"ふヮｪっﾏ]ぶ" どヰがヰヲ"ふヰがΓヰぶ" ヰがΒヲ"ふヰがΒヶぶ" どヵがヴヶ"ふヰがヶΒぶ"
†ｷゲa;デｷﾐW"ふﾐｪっﾏ]ぶ" どヰがヰヰヲ"ふヰがンヲぶ" ヰがヰΑヱ"ふヰがンンぶ" ヰがヰン"ふヰがΒΑぶ"
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Yデ;ｷWﾐデ"ヮﾉ┌ゲ"a;ｷHﾉWゲ"ヮﾗ┌ヴ"ﾉWゲ"ゲ┌ﾃWデゲ";Iデｷaゲ"SW"ヮﾗｷSゲ"ﾐﾗヴﾏ;ﾉ"ケ┌W"ヮﾗ┌ヴ"ﾉWゲ"ゲ┌ﾃWデゲ"ゲYSWﾐデ;ｷヴWゲ"SW"
ヮﾗｷSゲ"ﾐﾗヴﾏ;ﾉく"1Wゲ"SW┌┝"ﾏWゲ┌ヴWゲ"Yデ;ｷWﾐデ"Yｪ;ﾉWﾏWﾐデ"ｷﾐ┗WヴゲWﾏWﾐデ"IﾗヴヴYﾉYWゲ";┗WI"ﾉ;"7;#v";┗WI"
ﾗ┌"ゲ;ﾐゲ";ﾃ┌ゲデWﾏWﾐデ"ゲ┌ヴ"ﾉ;"ﾏ;ゲゲW"ｪヴ;ゲゲW"ﾏ;ｷゲ"ヮ;ゲ";┗WI"ﾉ;"†jヲﾏ;┝く"#ｷﾐゲｷが"S;ﾐゲ"ﾐﾗデヴW"Yデ┌SWが"ﾉ;"
ヮヴ;デｷケ┌W"Sげ#v"Yデ;ｷデ" ｷﾐ┗WヴゲWﾏWﾐデ"ヴWﾉｷYW";┗WI" ﾉげ;SｷヮﾗﾐWIデｷﾐW"IｷヴI┌ﾉ;ﾐデWく"dﾗ┌ゲ";┗ﾗﾐゲ"IﾗﾐaｷヴﾏY"
IWゲ"ヴYゲ┌ﾉデ;デゲ"Wﾐ"ﾏﾗﾐデヴ;ﾐデ"ケ┌W"ﾉW"SYゲWﾐデヴ;ｺﾐWﾏWﾐデ"WﾐｪWﾐSヴ;ｷデ"┌ﾐW";┌ｪﾏWﾐデ;デｷﾗﾐ"SWゲ"ﾐｷ┗W;┌┝"
ヮﾉ;ゲﾏ;デｷケ┌Wゲ"Sげ;SｷヮﾗﾐWIデｷﾐW"デﾗデ;ﾉW"Wデ"Kc‡"ヮﾗ┌ヴ"SWゲ"ゲ┌ﾃWデゲ";Iデｷaゲ";ﾉﾗヴゲ"ケ┌W"ﾉげWﾐデヴ;ｺﾐWﾏWﾐデ"
ｷﾐS┌ｷヴ;ｷデ"ﾉW┌ヴ"H;ｷゲゲW"ヮﾗ┌ヴ"SWゲ"ゲ┌ﾃWデゲ";┌"ヮヴY;ﾉ;HﾉW"ゲYSWﾐデ;ｷヴWゲく"
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ﾏYデ;Hﾗﾉｷケ┌W" Kc‡" SW" ﾉげ;SｷヮﾗﾐWIデｷﾐW" <" ヮ;ヴデｷヴ" SWゲ" SｷaaYヴWﾐIWゲ" S;ﾐゲ" ﾉWゲ" IﾗﾐIWﾐデヴ;デｷﾗﾐゲ"
ヴWﾉW┗YWゲ"WﾐデヴW"ﾐﾗゲ"ｪヴﾗ┌ヮWゲ"Wデ";┗WI"ﾉげｷﾐデWヴ┗Wﾐデｷﾗﾐく"]Wゲ";┌デヴWゲ"aヴ;Iデｷﾗﾐゲ"ゲﾗﾐデ";ヮヮ;ヴ┌Wゲ"ﾏﾗｷﾐゲ"
ﾏﾗSｷaｷYWゲ" ヮ;ヴ" ﾉげWﾐデヴ;ｺﾐWﾏWﾐデ" ﾗ┌" ﾉ;" ﾏ;ゲゲW" ｪヴ;ゲゲWく" ]Wゲ" IﾗヴヴYﾉ;デｷﾗﾐゲ" ヴWﾉW┗YWゲ" WﾐデヴW"
ﾉげ;SｷヮﾗﾐWIデｷﾐW"ヮﾉ;ゲﾏ;デｷケ┌W"Wデ"ﾉ;"7;#v"Wデ"ヮ;ゲ";┗WI"ﾉ;"†jヲﾏ;┝";┗;ﾐデ"ﾉげｷﾐデWヴ┗Wﾐデｷﾗﾐ"ゲﾗ┌ﾉｷｪﾐWﾐデ"
ﾉげｷﾏヮﾗヴデ;ﾐIW"SW"SｷゲヮﾗゲWヴ"Sげ┌ﾐW"ﾏWゲ┌ヴW"ヮヴYIｷゲW"SW" ﾉ;"7;#v"S;ﾐゲ"SWゲ"IﾗﾐSｷデｷﾗﾐゲ"SW"┗ｷW"ﾉｷHヴWく"
]げ;ﾃ┌ゲデWﾏWﾐデ"SWゲ"IﾗヴヴYﾉ;デｷﾗﾐゲ"ゲ┌ヴ"ﾉげNc1"ﾗ┌"ﾉ;"ﾏ;ゲゲW"ｪヴ;ゲゲW";ﾏYﾉｷﾗヴW"ﾉ;"ゲｷｪﾐｷaｷI;デｷ┗ｷデY"SW"IWゲ"
IﾗヴヴYﾉ;デｷﾗﾐゲ"WﾐデヴW" ﾉげ;SｷヮﾗﾐWIデｷﾐW"ヮﾉ;ゲﾏ;デｷケ┌W"Wデ" ﾉ;"7;#v"Wﾐ"H;ゲ;ﾉ"Wデ";┗WI" ﾉ;"†jヲﾏ;┝";ヮヴXゲ"
ﾉげｷﾐデWヴ┗Wﾐデｷﾗﾐく" ];" ヮヴｷゲW" Wﾐ" IﾗﾏヮデW" SW" ﾉ;" ﾏ;ゲゲW" ｪヴ;ゲゲW" Wゲデ" ;ﾉﾗヴゲ" aﾗﾐS;ﾏWﾐデ;ﾉW" ヮﾗ┌ヴ"
ヴWIｴWヴIｴWヴ" ﾉWゲ" ﾉｷWﾐゲ" WﾐデヴW" ﾉげ#v" Wデ" ﾉげ;SｷヮﾗﾐWIデｷﾐWく" 1WIｷ"Wゲデ" Sげ;┌デ;ﾐデ" ヮﾉ┌ゲ" ┗ヴ;ｷ" ケ┌W" ﾉWゲ" ゲ┌ﾃWデゲ"
ゲYSWﾐデ;ｷヴWゲ" Wﾐ" ゲ┌ヴヮﾗｷSゲ" S;ﾐゲ" ﾐﾗデヴW" Yデ┌SW" ;┗;ｷWﾐデ" SWゲ" ﾐｷ┗W;┌┝" Sげ;SｷヮﾗﾐWIデｷﾐW" ヮﾉ┌ゲ" a;ｷHﾉWゲ"
ケ┌W"ﾉWゲ"ゲ┌ﾃWデゲ"ゲYSWﾐデ;ｷヴWゲ"SW"ヮﾗｷSゲ"ﾐﾗヴﾏ;ﾉく""

7Wゲ" ﾐｷ┗W;┌┝" ヮﾉ;ゲﾏ;デｷケ┌Wゲ" Sげ;SｷヮﾗﾐWIデｷﾐW" YﾉW┗Yゲが" SW" a;Nﾗﾐ" ｷﾐ;デデWﾐS┌Wが" ﾗﾐデ" デﾗ┌デ"
Sげ;HﾗヴS"YデY"ヴ;ヮヮﾗヴデYゲ"IｴW┣"SWゲ"ヮ;デｷWﾐデゲ"ヮヴYゲWﾐデ;ﾐデ"┌ﾐW"ｷﾐゲ┌aaｷゲ;ﾐIW"ヴYﾐ;ﾉW"ﾗ┌"I;ヴSｷ;ケ┌Wく"1W"
ヮ;ヴ;Sﾗ┝W";"YデY"W┝ヮﾉｷケ┌Y"ヮ;ヴ"┌ﾐ"S┞ゲaﾗﾐIデｷﾗﾐﾐWﾏWﾐデ"ﾏ┌ゲI┌ﾉ;ｷヴW"WﾐｪWﾐSヴ;ﾐデ"┌ﾐ"SYa;┌デ"S;ﾐゲ"
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ﾉげ┌デｷﾉｷゲ;デｷﾗﾐ"SW" ﾉげ;SｷヮﾗﾐWIデｷﾐW"Wデ"ﾐﾗﾐ"S;ﾐゲ"ゲ;"ヮヴﾗS┌Iデｷﾗﾐく"1Wゲ"Yデ┌SWゲ"ﾗﾐデ";ﾏWﾐY" ﾉW"IﾗﾐIWヮデ"
SW" ヴYゲｷゲデ;ﾐIW" <" ﾉげ;SｷヮﾗﾐWIデｷﾐWが" ヮ;ヴ;ﾉﾉXﾉW" <" ﾉ;" ヴYゲｷゲデ;ﾐIW" <" ﾉげｷﾐゲ┌ﾉｷﾐWく" #ｷﾐゲｷが" ﾉ;" ヮヴﾗS┌Iデｷﾗﾐ"
Sげ;SｷヮﾗﾐWIデｷﾐW"ヮﾗ┌ヴヴ;ｷデ"ZデヴW";┌ｪﾏWﾐデYW"ヮﾗ┌ヴ"ヴYヮﾗﾐSヴW"<"┌ﾐW"Sｷﾏｷﾐ┌デｷﾗﾐ"SW"ﾉげWaaｷI;IｷデY"SW"ゲ;"
ゲｷｪﾐ;ﾉｷゲ;デｷﾗﾐ"ぷヱΒΓへく"7;ﾐゲ"ﾐﾗデヴW"Yデ┌SWが"ﾐﾗ┌ゲ"ﾐW"ﾏﾗﾐデヴﾗﾐゲ"ヮ;ゲ"Sげ;ゲゲﾗIｷ;デｷﾗﾐ"WﾐデヴW"ﾉ;"┗;ﾉW┌ヴ"SW"
ﾉげ;SｷヮﾗﾐWIデｷﾐW"IｷヴI┌ﾉ;ﾐデW"ヮﾉ┌ゲ"H;ゲゲW"IｴW┣"ﾉWゲ";Iデｷaゲ"Wデ"ﾉげW┝ヮヴWゲゲｷﾗﾐ"SW"ゲWゲ"#ydﾏ"S;ﾐゲ"ﾉW"デｷゲゲ┌"
;SｷヮW┌┝"ケ┌ｷ"ﾐげWゲデ"ヮ;ゲ"SｷaaYヴWﾐデW"WﾐデヴW"ﾉWゲ"デヴﾗｷゲ"ｪヴﾗ┌ヮWゲく"1W"ﾏZﾏW"Iﾗﾐゲデ;デ"Wゲデ"WaaWIデ┌Y";┗WI"
ﾉげｷﾐデWヴ┗Wﾐデｷﾗﾐ"ケ┌ｷ"ｷﾐS┌ｷデ"┌ﾐW"ﾏﾗSｷaｷI;デｷﾗﾐ"SW"ﾉげ;SｷヮﾗﾐWIデｷﾐW"IｷヴI┌ﾉ;ﾐデW"Wデ";┌I┌ﾐW"┗;ヴｷ;デｷﾗﾐ"SW"
ゲﾗﾐ"W┝ヮヴWゲゲｷﾗﾐ"S;ﾐゲ" ﾉW"デｷゲゲ┌";SｷヮW┌┝く"7;ﾐゲ"IW"I;ゲが" ﾉげ;SｷヮﾗﾐWIデｷﾐW"ヮﾗ┌ヴヴ;ｷデ"ZデヴW"ヮヴﾗS┌ｷデW"Wﾐ"
ケ┌;ﾐデｷデY"Yｪ;ﾉW"IｴW┣"ﾉWゲ"ゲ┌ﾃWデゲ";Iデｷaゲ"Wデ"ゲYSWﾐデ;ｷヴWゲ"ﾏ;ｷゲ"ゲﾗﾐ"┌デｷﾉｷゲ;デｷﾗﾐ"ヮﾗ┌ヴヴ;ｷデ"SｷaaYヴWヴが";┗WI"
┌ﾐW" ケ┌;ﾐデｷデY" ;IIヴ┌W" Sげ;SｷヮﾗﾐWIデｷﾐW" ┌デｷﾉｷゲYW" IｴW┣" ﾉWゲ" ゲ┌ﾃWデゲ" ;Iデｷaゲ" Sｷﾏｷﾐ┌;ﾐデ" ゲWゲ" ﾐｷ┗W;┌┝"
ヮﾉ;ゲﾏ;デｷケ┌Wゲく" ]げ;ﾐ;ﾉ┞ゲW"SW" ﾉげW┝ヮヴWゲゲｷﾗﾐ"SWゲ"#ydﾏ"SW" ゲWゲ" ヴYIWヮデW┌ヴゲ" S;ﾐゲ" ﾐﾗデヴW" Yデ┌SW" ﾐW"
ヮWヴﾏWデ" ヮ;ゲ" ﾐﾗﾐ" ヮﾉ┌ゲ"SW" IﾗﾐIﾉ┌ヴW" S;ﾐゲ" IW" ゲWﾐゲ" ヮ┌ｷゲケ┌げ;┌I┌ﾐW" SｷaaYヴWﾐIW" ﾐげ;" YデY"ﾏｷゲW" Wﾐ"
Y┗ｷSWﾐIW"WﾐデヴW"ﾉWゲ"ゲ┌ﾃWデゲ";Iデｷaゲ"Wデ"ゲYSWﾐデ;ｷヴWゲ"SW"ヮﾗｷSゲ"ﾐﾗヴﾏ;ﾉく"⁄ﾐW"Yデ┌SW"ヴYIWﾐデW"ゲ┌ｪｪXヴW"
ケ┌W" ﾉげ;ﾐ;ﾉ┞ゲW"SW" ﾉげW┝ヮヴWゲゲｷﾗﾐ"SWゲ"#ydﾏ"SW" ﾉげ;SｷヮﾗﾐWIデｷﾐW"S;ﾐゲ" ﾉW" aﾗｷW"ヮﾗ┌ヴヴ;ｷデ" Yｪ;ﾉWﾏWﾐデ"
ZデヴW"Wﾐ┗ｷゲ;ｪYW"ヮﾗ┌ヴ"IﾗﾏヮヴWﾐSヴW"デﾗデ;ﾉWﾏWﾐデ"ﾉWゲ"ﾏﾗS┌ﾉ;デｷﾗﾐゲ"ヮﾉ;ゲﾏ;デｷケ┌Wゲ"SW"ﾉげ;SｷヮﾗﾐWIデｷﾐW"
ぷヱヱΓへく"

vW┌" SW" SﾗﾐﾐYWゲ" ゲﾗﾐデ" SｷゲヮﾗﾐｷHﾉWゲ" S;ﾐゲ" ﾉ;" ﾉｷデデYヴ;デ┌ヴW" IﾗﾐIWヴﾐ;ﾐデ" ﾉげWaaWデ" SW" ﾉげ#v" ゲ┌ヴ"
ﾉげW┝ヮヴWゲゲｷﾗﾐ"S┌"ｪXﾐW"SW"ﾉげ;SｷヮﾗﾐWIデｷﾐW"IｴW┣"ﾉげｴﾗﾏﾏWく"1ｴW┣"ﾉ;"ゲﾗ┌ヴｷゲが"ﾉWゲ";┌デW┌ヴゲ"ゲげ;IIﾗヴSWﾐデ"
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y~ンぱ#11ぎ"y~ン";IIWﾉWヴﾗﾏWデヴ┞""
H†;ﾉ┌Wゲ";ヴW"ヮヴWゲWﾐデWS";ゲ";ヴW"ﾏW;ﾐゲ"ふ}7ぶ"
IcW;ﾐ"Hｷ;ゲサヮヴWSｷIデWS"に"IヴｷデWヴｷﾗﾐく"
" "
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ｪヴﾗ┌ヮゲ"ふヱヱ"ﾉW;ﾐ";Iデｷ┗Wが"ヱヲ"ﾉW;ﾐ"ゲWSWﾐデ;ヴ┞";ﾐS"ヱヲ"ﾗ┗Wヴ┘Wｷｪｴデ"ゲWSWﾐデ;ヴ┞"ゲ┌HﾃWIデゲぶく""

cﾗSWﾉゲ;" 7]‡"
#;;H"
ふﾆYっﾆｪっSぶ"

#;;"
Wゲデｷﾏ;デW"
ふﾆYっﾆｪっSぶ"

N11" †;ヴｷ;ﾐIW"
W┝ヮﾉ;ｷﾐWS"
ふХぶ"

yc};"
ふﾆYっﾆｪっSぶ"

0ｷ;ゲI"

ふﾆYっﾆｪっSぶ"
ΓヵХ" ]j#"
ふﾆYっﾆｪっSぶ"

yWゲｷS┌;ﾉ" Wヴヴﾗヴ"
ヴWｪヴWゲゲｷﾗﾐ"
0Wデ;"IﾗWaaｷIｷWﾐデ""""ヮ"

N1ぱKy"" " " " " " " "
]W;ﾐ";Iデｷ┗W" Βヴくヵ"ふヱΒくΓぶ" ヱΒヶくン"ふΑΓくヶぶ" ヰくヱヶ" ヱン" ΑΒくヲ" ヱヰヱくΑ"ふΑヴくΒぶ" どヴΒき"ヲヵヱくヴ" ヰくΒ" аヰヰヰヱ"
]W;ﾐ"ゲWSWﾐデ;ヴ┞" ヴヴくヱ"ふヱヶくヲぶ" ヱヱヲくヵ"ふヵンくヴぶ" ヰくンヱ" ンヱ" ヴヶくΑ" ヶΒくヴ"ふヴヶくヵぶ" どヲヴくヵき"ヱヶヱくン" ヰくΒ" аヰくヰヰヰヱ"
j┗Wヴ┘Wｷｪデｴ"ゲWSWﾐデ;ヴ┞" ヴΑくΒ"ふヱヰくΒぶ" ヱヲヲくΒ"ふΑΒくΑぶ" ヰくヱン" ヲン" Αヲくヵ" ΑヴくΓ"ふΑヴくヲぶ" どΑンくヵき"ヲヲンくン" ヰくΓ" аくヰヰヰヱ"
F1ぱKy" " " " " " " "
]W;ﾐ";Iデｷ┗W" Βヴくヵ"ふヱΒくΓぶ" ヱンΑくヲ"ふヵΑくヲぶ" どヰくヰン" ヰ" ヶヰくヲ" ヵヲくヶ"ふヶヱくヲぶ" どヶΓくンき"ヱΑヵくヰ" ヰくヶ" аヰくヰヱ"
]W;ﾐ"ゲWSWﾐデ;ヴ┞" ヴヴくヱ"ふヱヶくヲぶ" Γンくヶ"ふヵンくヵぶ" ヰくヱヴ" Α" ヵヴくヲ" ヴΓくヵ"ふヵヱくΑぶ" どヵヴくヰき"ヱヵンくヰ" ヰくΑ" аヰくヰヰヱ"
j┗Wヴ┘Wｷｪデｴ"ゲWSWﾐデ;ヴ┞" ヴΑくΒ"ふヱヰくΒぶ" Βヵくヶ"ふヶヱくヰぶ" ヰくヰΒ" ヶ" ヶヲくヱ" ンΑくΒ"ふヵΓくンぶ" どΒヰくΓき"ヱヵヶくヴ" ヰくΓ" аくヰヰヰヱ"
F1ぱ#11" " " " " " " " " "
]W;ﾐ";Iデｷ┗W" Βヴくヵ"ふヱΒくΓぶ" ンΒくヴ"ふヱヱくΒぶ" ヰくヲヲ" ヶ" ヱヲくヱ" どヴヶくヱ"ふヱΓくΑぶ" どΒヵくヶき"ヶくヶ" ヰくヲ" ヰくヱΑ"
]W;ﾐ"ゲWSWﾐデ;ヴ┞" ヴヴくヱ"ふヱヶくヲぶ" ヲヲくヶ"ふΒくンぶ" ヰくンΒ" ヲヲ" ΑくΑ" どヲヱくヵ"ふヱヴくンぶ" どヵヰくヲき"Αくヱ" ヰくヴ" ヰくヰΑ"
j┗Wヴ┘Wｷｪデｴ"ゲWSWﾐデ;ヴ┞" ヴΑくΒ"ふヱヰくΒぶ" ンヰくン"ふヶくヲぶ" ヰくヴヱ" ヲヲ" ヵくΑ" どヱΑくヵ"ふΓくヶぶ" どンヶくΑき"ヱくヶ" ヰくン" ヰくヰヶ"
F1ぱ#11っKy" " " " " " " "
]W;ﾐ";Iデｷ┗W" Βヴくヵ"ふヱΒくΓぶ" ΒヴくΓ"ふヲΒくヴぶ" ヰくヰΒ" ヱ" ヲΓくΒ" ヰくン"ふンヲくΑぶ" どヶヵくヲき"ヶヵくΒ" ヰくヱ" ヰくヲヴ"
]W;ﾐ"ゲWSWﾐデ;ヴ┞" ヴヴくヱ"ふヱヶくヲぶ" ヵヶくヲ"ふヲヵくンぶ" ヰくンヶ" ヱヶ" ヲヴくン" ヱヲくヱ"ふヲヴくヰぶ" どンヶくヰき"ヶヰくヱ" ヰくヲ" ヰくヱヵ"
j┗Wヴ┘Wｷｪデｴ"ゲWSWﾐデ;ヴ┞" ヴΑくΒ"ふヱヰくΒぶ" ヵΑくヰ"ふヲΒくヶぶ" ヰくヲヲ" ヱヱ" ヲΒくン" Γくヱ"ふヲΑくヰぶ" どヴヴくΓき"ヶンくヲ" ヰくヶ" аヰくヰヱ"
F1ぱ#11っKyぱゲデヴWゲゲ" " " " " " " "
]W;ﾐ";Iデｷ┗W" Βヴくヵ"ふヱΒくΓぶ" ヶΓくヰ"ふヲヲくヴぶ" ヰくヲヲ" ヵ" ヲンくヰ" どヱヵくヶ"ふヲヵくΓぶ" どヶΑくヴ"きンヶくヲ" ヰくヰ" ヰくヶヲ"
]W;ﾐ"ゲWSWﾐデ;ヴ┞" ヴヴくヱ"ふヱヶくヲぶ" ンΓくヱ"ふヱΑくヰぶ" ヰくヵヲ" ヲΑ" ヱヵくヲ" どヵくヰ"ふヱヶくヲぶ" どンΑくヵ"き"ヲΑくヴ" ヰくヰ" ヰくΒΑ"
j┗Wヴ┘Wｷｪデｴ"ゲWSWﾐデ;ヴ┞" ヴΑくΒ"ふヱヰくΒぶ" ヴヴくΓ"ふヱΑくヴぶ" ヰくンヰ" ヱヱ" ヱΑくヱ" どヲくΓ"ふヱΑくヰぶ" どンΑ"き"ンヱくヲ" ヰくヲ" ヰくヱン"
" "
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ヲヴヴ"

N1ぱ#11っKy" " " " " " " "
]W;ﾐ";Iデｷ┗W" Βヴくヵ"ふヱΒくΓぶ" ΑヲくΒ"ふヱΒくヰぶ" ヰくΑΓ" ヶン" ヱヱくヶ" どヱヱくΒ"ふヱヲくヰぶ" どンヵくΑ"きヱヲくヲ" ヰくヰ" ヰくΒヱ"
]W;ﾐ"ゲWSWﾐデ;ヴ┞" ヴヴくヱ"ふヱヶくヲぶ" ヴヱくΓ"ふヱヴくヵぶ" ヰくΒヰ" ヶヵ" ΒくΓ" どヲくヲ"ふΓくヶぶ" どヲヱくヵ"き"ヱΑくヱ" ヰくヰ" ヰくヵヵ"
j┗Wヴ┘Wｷｪデｴ"ゲWSWﾐデ;ヴ┞" ヴΑくΒ"ふヱヰくΒぶ" ヵヰくヴ"ふヱヶくヰぶ" ヰくヵΒ" ンΓ" ヱンくヱ" ヲくヵ"ふヱヲくヵぶ" どヲヲくヵ"き"ヲΑくヵ" ヰくヲ" ヰくヱン"
y~ンぱ#11" " " " " " " "
]W;ﾐ";Iデｷ┗W" Βヴくヵ"ふヱΒくΓぶ" ヴヵくΑ"ふヱヶくヰぶ" ヰくヴΓ" ヲヵ" ヱヴくヶ" どンΒくΓ"ふヱΑくΑぶ" どΑヴくン"き"ンくヵ" ヰくヰ" ヰくヵΑ"
]W;ﾐ"ゲWSWﾐデ;ヴ┞" ヴヴくヱ"ふヱヶくヲぶ" ンヴくヶ"ふヱヱくΓぶ" ヰくヵヰ" ンヰ" ヱヰくヵ" どヱヰくヴ"ふヱヴくヲぶ" どンΒくΒ"き"ヱΒくヰ" ヰくヱ" ヰくヲヴ"
j┗Wヴ┘Wｷｪデｴ"ゲWSWﾐデ;ヴ┞" ヴΑくΒ"ふヱヰくΒぶ" ンΒくΓ"ふヱヰくヴぶ" аヰくヰヱ" ヶ" ヱヰくヶ" どΓくヰ"ふヱヶくΑぶ" どヴヲくンき"ヲヴくヴ" ヰくヰ" ヰくΓン"

;cﾗSWﾉゲ"ﾗa"#;;"ヮヴWSｷIデｷﾗﾐぎ""
N1ぱKyぎ"ｴW;ヴデ"ヴ;デW"┘ｷデｴ"ｷﾐSｷ┗ｷS┌;ﾉ"I;ﾉｷHヴ;デｷﾗﾐき"F1ぱKy"ぎ"ｴW;ヴデ"ヴ;デW"┘ｷデｴ"ｪヴﾗ┌ヮ"I;ﾉｷHヴ;デｷﾗﾐき"
F1ぱ#11ぎ"#IデｷｴW;ヴデ";IIWﾉWヴﾗﾏWデヴ┞"きF1ぱ#11っKyぎ"1ﾗﾏHｷﾐWS"ｴW;ヴデ"ヴ;デW"┘ｷデｴ"ｪヴﾗ┌ヮ"I;ﾉｷHヴ;デｷﾗﾐ";ﾐS";IIWﾉWヴﾗﾏWデヴ┞┻"┹"
F1ぱ#11っKyぱゲデヴWゲゲぎ"1ﾗﾏHｷﾐWS"ｴW;ヴデ"ヴ;デW"┘ｷデｴ"ｪヴﾗ┌ヮ"I;ﾉｷHヴ;デｷﾗﾐ";ﾐS"ゲデヴWゲゲ"ﾗヮデｷﾗﾐ";ﾐS";IIWﾉWヴﾗﾏWデヴ┞┻き""
N1ぱ#11っKyぎ"1ﾗﾏHｷﾐWS"ｴW;ヴデ"ヴ;デW"┘ｷデｴ"ｷﾐSｷ┗ｷS┌;ﾉ"I;ﾉｷHヴ;デｷﾗﾐ";ﾐS"ゲデヴWゲゲ"ﾗヮデｷﾗﾐ";ﾐS";IIWﾉWヴﾗﾏWデヴ┞┻き"
y~ンぱ#11ぎ"y~ン";IIWﾉWヴﾗﾏWデヴ┞""
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W┝ヮﾉ;ｷﾐWS"
ふХぶ"
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ふﾆYっﾆｪっSぶ"
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ふﾆYっﾆｪっSぶ"
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ふﾆYっﾆｪっSぶ"
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N1ぱKy" どヲくΓ"
ふヱンくンぶ"

どヱヰくヲ"
ふΒヵくヰぶ"

ヰくヱヰ" ヱヱ" Βヲくヴ" どヱンくヲ"
ふΒヱくヶぶ"

どヱΑヶくヴ"き"ヱヵヰくヱ" ヰくΓ" аくヰヰヰヱ"

F1ぱKy" どヲくΓ"
ふヱンくンぶ"

ンΒくΓ"
ふΑヴくヱぶ"

аヰくヰヱ" ヲ" Αヵくン" ンヵくΓ"
ふΑΑくヲぶ"

どヱヱΒくヶ"き"ヱΓヰくン" ヰくΓ" аくヰヰヰヱ"

F1ぱ#11" どヲくΓ"
ふヱンくンぶ"

ヱくヴ"
ふヱヰくヰぶ"

ヰくヴヴ" ヲヱ" Γくヲ" どヱくヶ"
ふヱヲくヵぶ"

どヲヶくヶ"き"ヲンくヴ" ヰくヱ" ヰくヱΒ"

F1ぱ#11っKy" どヲくΓ"
ふヱンくンぶ"

ヱΒくヵ"
ふンΓくヲぶ"

ヰくヰヱ" ヰ" ヴヰくヲ" ヱヵくヵ"
ふヴヱくヱぶ"

どヶヶくΑ"き"ΓΑくΑ" ヰくヶ" аくヰヰヰヱ"

F1ぱ#11っKyぱゲデヴWゲゲ" どヲくΓ"
ふヱンくンぶ"

ヱヴくヶ"
ふンヰくヰぶ"

ヰくヱヴ" ン" ンヰくン" ヱヱくΑ"
ふンヰくヵぶ"

どヴΓくヴ"き"ΑヲくΑ" ヰくヵ" аヰくヰヰヱ"

N1ぱ#11っKy" どヲくΓ"
ふヱンくンぶ"

ヲくン"
ふヱΓくΓぶ"

ヰくヶヲ" ヴヴ" ヱヵくヲ" どヰくヶ"
ふヱヴくΓぶ"

どンヰくン"き"ヲΓくヱ" ヰくヲ" ヰくヰン"

y~ンぱ#11" どヲくΓ"
ふヱンくンぶ"

ヶくヲ"
ふヱンくヶぶ"

ヰくヲΒ" ヱヰ" ヱンくン" ンくΓ"
ふヱヶくヰぶ"

どヲΒくヰき"ンヵくΓ" ヰくヰ" ヰくΓΑ"

;cﾗSWﾉゲ"ﾗa"#;;"ヮヴWSｷIデｷﾗﾐぎ""
N1ぱKyぎ"ｴW;ヴデ"ヴ;デW"┘ｷデｴ"ｷﾐSｷ┗ｷS┌;ﾉ"I;ﾉｷHヴ;デｷﾗﾐき"F1ぱKy"ぎ"ｴW;ヴデ"ヴ;デW"┘ｷデｴ"ｪヴﾗ┌ヮ"I;ﾉｷHヴ;デｷﾗﾐき"
F1ぱ#11ぎ"#IデｷｴW;ヴデ";IIWﾉWヴﾗﾏWデヴ┞"きF1ぱ#11っKyぎ"1ﾗﾏHｷﾐWS"ｴW;ヴデ"ヴ;デW"┘ｷデｴ"ｪヴﾗ┌ヮ"I;ﾉｷHヴ;デｷﾗﾐ";ﾐS";IIWﾉWヴﾗﾏWデヴ┞┻"┹"
F1ぱ#11っKyぱゲデヴWゲゲぎ"1ﾗﾏHｷﾐWS"ｴW;ヴデ"ヴ;デW"┘ｷデｴ"ｪヴﾗ┌ヮ"I;ﾉｷHヴ;デｷﾗﾐ";ﾐS"ゲデヴWゲゲ"ﾗヮデｷﾗﾐ";ﾐS";IIWﾉWヴﾗﾏWデヴ┞┻き""
N1ぱ#11っKyぎ"1ﾗﾏHｷﾐWS"ｴW;ヴデ"ヴ;デW"┘ｷデｴ"ｷﾐSｷ┗ｷS┌;ﾉ"I;ﾉｷHヴ;デｷﾗﾐ";ﾐS"ゲデヴWゲゲ"ﾗヮデｷﾗﾐ";ﾐS";IIWﾉWヴﾗﾏWデヴ┞┻き"
y~ンぱ#11ぎ"y~ン";IIWﾉWヴﾗﾏWデヴ┞""
H†;ﾉ┌Wゲ";ヴW"ヮヴWゲWﾐデWS";ゲ";ヴW"ﾏW;ﾐゲ"ふ}7ぶ"
IcW;ﾐ"Hｷ;ゲサヮヴWSｷIデWS"に"IヴｷデWヴｷﾗﾐ" "
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ふΑ"ﾉW;ﾐ";Iデｷ┗Wが"ヱヴ"ﾉW;ﾐ";ﾐS"ﾗ┗Wヴ┘Wｷｪｴデ"ゲWSWﾐデ;ヴ┞"ゲ┌HﾃWIデゲぶくく""

cﾗSWﾉゲ;" 7]‡"
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ふﾆYっﾆｪっSぶ"
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ふﾆYっﾆｪっSぶ"

N11" †;ヴｷ;ﾐIW"
W┝ヮﾉ;ｷﾐWS"
ふХぶ"

yc};"
ふﾆYっﾆｪ
っSぶ"

0ｷ;ゲI"

ふﾆYっﾆｪっSぶ"
ΓヵХ" ]j#"
ふﾆYっﾆｪっSぶ"

yWゲｷS┌;ﾉ" Wヴヴﾗヴ"
ヴWｪヴWゲゲｷﾗﾐ"
0Wデ;"IﾗWaaｷIｷWﾐデ""""ヮ"""""

F1ぱ#11っKyぱゲデヴWゲゲ" " " " " " " "
#Iデｷ┗W" どΑくヴ"ふヱンくンぶ" どヲくヱ"ふンヶくΒぶ" аヰくヰヱ" ンヴ" ンヲくヶ" ヵくン"ふヴヵくΒぶ" どΒヶくヴ"き"ΓヶくΓ" ヰくΑ" ヰくヰヲ"
}WSWﾐデ;ヴ┞" Βくヱ"ふヱヰくヲぶ" ヲンくヰ"ふヲンくヲぶ" ヰくンン" ヲヰ" ヲヱくヶ" ヱヴくΓ"ふヲヰくΑぶ" どヲヶくヶ"き"ヵヶくン" ヰくヵ" аヰくヰヱ"
N1ぱ#11っKy" " " " " " " "
#Iデｷ┗W" どΑくヴ"ふヱンくンぶ" どΓくヰ"ふヲヱくヶぶ" ヰくヶヰ" ヴヵ" ヱΑくヶ" どヱくヶ"ふヱヶくヱぶ" どンンくΒ"き"ンヰくヵ" ヰくン" ヰくヱΓ"
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Itcrj dcugf ogvjqf hqt rj{ukecn cevkxkv{ guvkocvkqp
ykvj kpgtvkcn ugpuqt ukipcnu

Rkgttg Lcnnqp. Hnqtgpeg Itku. Cddcu Cvc{c. Engogpv Xknnctu cpf Ejcpvcn Ukoqp

CduvtcevÏRj{ukecn cevkxkv{ guvkocvkqp ykvj kpgtvkcn ugpuqt fcvc
ku c dkqogfkecn gpikpggtkpi rtqdngo yjkej jcu dggp ykfgn{
uvwfkgf kp vjg ncvvgt {gctu0 Kp cnnoquv cnn eqpvtkdwvkqpu. vjku
rtqdngo ku cftguugf wukpi c vyq uvgru ogvjqf< gzvtcev hgcvwtgu
htqo ugpuqtu tcy ukipcnu cpf rgthqto cevkxkv{ encuukÝecvkqp dcugf
qp vjgug hgcvwtgu0 Kp vjku rcrgt. vyq eqpvtkdwvkqpu vq vjku rtqdngo
ctg rtgugpvgf0
Kp oquv uvcvg qh ctg eqpvtkdwvkqpu. rj{ukecn cevkxkv{ ku guvkocvgf

cu cp vkog kpfgrgpfcpv xctkcdng0 Kp rtcevkeg. vjku rctcogvgt ku
tcvjgt vkog eqttgncvgf0 Vjg Ýtuv eqpvtkdwvkqp ku cdqwv gzrnqkvcvkqp
qh vjku rtkqt cuuworvkqp cdqwv vjg rj{ukecn cevkxkv{ vq cfcrv
encuukecn encuukÝecvkqp cniqtkvjou0 Kv ku vjgtghqtg rtqrqugf vq
oqfgn rtcevkeg cevkxkv{ guvkocvkqp xctkcdng ykvj c Octmqx ejckp0
Vjg rtqdcdknkv{ vq tgockp kp c ucog uvcvg ku ugv enqug vq 1 vq
fguetkdg gzrgevgf rtqrgtv{0 Vjgqtgvkecn tguwnvu ctg Ýtuv fgtkxgf
hqt pckxg Dc{gu encuukÝgt vjcpmu vq Jkffgp Octmqx oqfgnu
vjgqtgvkecn htcogyqtm. cpf vjgp gzvgpfgf vq qvjgt encuukÝgt cu
itcrj dcugf ogvjqfu0
Vjg ugeqpf eqpvtkdwvkqp ku c eqorngvg xcnkfcvkqp qh vjg

rtqrqugf cniqtkvjo hqt fckn{ nkhg u{uvgou ykvj c fcvcdcug qh oqtg
vjcp 210 jqwtu qh rj{ukecn cevkxkvkgu rgthqtogf d{ 52 rgtuqpu
ykvj c dgnv ugpuqt0 Ugxgtcn xcnkfcvkqp uegpctkq ctg eqpukfgtgf vq
gxcnwcvg korcev qp u{uvgo rgthqtocpeg qh pwodgt qh cevkxkvkgu
vq guvkocvg cpf wug qh rtkqt kphqtocvkqp cdqwv wugt *cig. ugzg.
DOK.000+ 0

Kpfgz VgtouÏKpgtvkcn ugpuqtu. Ceegngtqogvgtu. Itcrj dcugf
ogvjqf. EncuukÝecvkqp. Rj{ukecn cevkxkv{ guvkocvkqp. Jkffgp
Octmqx oqfgnu.Pckxg Dc{gu. CPP. UXO. MPP. NFC0

K0 KPVTQFWEVKQP

RJ[UKECN cevkxkv{ guvkocvkqp ykvj kpgtvkcn ugpuqt fcvc ku
c dkqogfkecn gpikpggtkpi rtqdngo yjkej jcu dggp ykfgn{

uvwfkgf kp vjg ncvvgt {gctu0 Vjku kpvgtguv ecp dg gzrnckpgf
d{ vjg eqplwpevkqp qh vjtgg gxgpvu< vjg pggf vq gxcnwcvg
jwocp cevkxkv{ vq swcpvkh{ kvu eqpvtkdwvkqp kp xctkqwu fkugcug
rtqeguugu kpenwfkpi fkcdgvgu. qdgukv{ cpf ectfkce fkugcugu ]3_.
]4_. vjg fkhÝewnv{ qh kvu swcpvkÝecvkqp yjgp dcugf qp ugnh
tgrqtvgf lqwtpcnu ]5_. ]6_. cpf vjg fgxgnqrogpv qh kpvgitcvgf
kpgtvkcn ugpuqtu eqorcvkdng ykvj fckn{ nkhg eqpfkvkqpu cpf vjgkt
rtqokukpi ecrcekvkgu vq gxcnwcvg vjku rctcogvgt0
Cuuguuogpv qh rj{ukecn cevkxkv{ dcugf qp kpgtvkcn ugpuqtu ku

c encuukÝecvkqp rtqdngo. wuwcnn{ cfftguugf wukpi c vyq uvgru
cniqtkvjo ]7_< gzvtcev htqo tcy ukipcn vjg tgngxcpv hgcvwtgu vq
guvkocvg rj{ukecn cevkxkvkgu. cpf wug c encuukÝecvkqp cniqtkvjo
vq guvkocvg htqo hgcvwtgu xgevqtu vjg eqttgurqpfkpi cevkxkvkgu0
Kp vjku ukipcn rtqeguukpi htcogyqtm. vyq mkpf qh crrtqcejgu
ctg igpgtcnn{ fgxgnqrrgf0 Kp vjg Ýtuv ecug. gzvtcevgf hgcvwtgu
ctg dcugf qp vjg ugpuqtu rj{ukeu cpf tgngxcpv qh vjg rtqdngo vq

R0 Lcnnqp. H0 Itku cpf C0 Cvc{c ctg htqo EGC NGVK dcugf qp OK/
PCVGE ECORWU0 Engogpv Xknnctfu cpf Ejcpvcn Ukoqp ctg htqo KPUGTO
W32821Wpkxgtukv{ N{qp 31 KPTC W34571 ETPJ Tjqpg Cnrgu

cfftguu0 Eqpegtpkpi kpgtvkcn ugpuqtu. qpg qh vjg oquv cfcrvgf
hgcvwtgu vq cuuguu rj{ukecn cevkxkv{ ku vjg ugpuqt qtkgpvcvkqp
tgncvkxg vq cp qtkikpg qtkgpvcvkqp. kp igpgtcn vjg qtkgpvcvkqp
yjgp vjg rgtuqp ku uvcpfkpi wr0 Guvkocvkqp qh vjku hgcvwtg.
kp rctvkewnct kp pqp uvcvke rjcugu. tgxgcn vq dg c ejcnngpikpi
rtqdngo cpf tgswktgu kp igpgtcn vq wug ugxgtcn oqfcnkvkgu
*ceegngtqogvgtu. ocipgvqogvgtu. i{tqogvgt+ ]8_. ]9_0 Jqygxgt
kvu guvkocvg ecp dg fktgevn{ wug vq ejctcevgtk¦g dqf{ ogodgt
qtkgpvcvkqp cpf oqxgogpvu ykvj uvtckijv hqtyctf kpvgtrtgvcvkqp
]:_Î]34_0 Ugpuqt ukipcn kpvgtrtgvcvkqp cnuq ngcfu vq vjg rquukdkn/
kv{ vq fgukip encuukÝecvkqp cniqtkvjo vq cuuguu rj{ukecn cevkxkv{
ykvjqwv c ocejkpg ngctpkpi cniqtkvjo0 Ugxgtcn fgekukqp vtgg
dcugf qt jgwtkuvke cniqtkvjou jcxg dggp fgxgnqrrgf kp vjku
eqpvgzv ]35_Î]39_0
C ugeqpf mkpf qh crrtqcejgu vq vcemng encuukÝecvkqp rtqd/

ngou ecp dg hqwpf kp vjg nkvvgtcvwtg< Kpuvgcf qh gzvtcevkpi
hgcvwtgu dcugf qp ogcuwtgf ukipcnu rj{ukeu. uqog ocvjg/
ocvkecn etkvgtkqpu ecp dg wugf< ogcp. xctkcpeg cpf jkijgt
qtfgt uvcvkuvkeu qh vjg ukipcn eqorwvgf qxgt vkog ykpfqyu.
uqog FHV. FEV qt FYV eqghÝekgpvu. gve000 Kp igpgtcn. c
nctig ugv qh hgcvwtgu ku gzvtcevgf cpf vjgp tgfwegf vjcpmu
vq c rtkpekrcn eqorqpgpv cpcn{uku *REC+ cniqtkvjo ]3:_0
Crrnkgf vq vjg rj{ukecn cevkxkv{ guvkocvkqp rtqdngo. Rtggeg
jcu rtqrqugf c eqorctcvkxg uvwf{ qp ocvjgocvkecn hgcvwtgu
vq cuuguu ickv cevkxkv{ ]3;_0 Kp vjku eqpvgzv. hgcvwtgu wugf
vq rgthqto encuukÝecvkqp ecp pqv dg fktgevn{ cpcn{¦gf cpf c
ocejkpg ngctpkpi cniqtkvjo ku wugf vq rgthqto encuukÝecvkqp0
Ocp{ gzkuv hqt vjku rwtrqug. coqpi yjkej ctg mPP *m /
pgctguv pgkijdqtu+ ]42_ .CPP *ctvkÝekcn pgwtcn pgvyqtmu+ ]43_.
]44_ .UXO *uwrrqtv xgevqt ocejkpg+ ]45_ .Hkujgt NFC *nkpgct
fkuetkokpcpv cpcn{uku+ ]46_ cpf Pckxg Dc{gu ogvjqfu0 Oquv
qh vjgug cniqtkvjou jcxg dggp crrnkgf vq vjg rj{ukecn cevkxkv{
guvkocvkqp rtqdngo * ]7_. ]47_Î]49_ wugf mPP. ]38_. ]4:_. ]4;_
CPP. ]52_. ]53_ UXO. ]52_. ]54_Î]57_ Pckxg Dc{gu+0 Tgxkgyu
qh encuukÝecvkqp cniqtkvjou rgthqtocpeg vq guvkocvg rj{ukecn
cevkxkv{ jcxg cnuq dggp rwdnkujgf ]3:_. ]3;_0
Kp kvu tgxkgy qh encuukÝecvkqp vgejpkswgu ]3;_. Rtggeg rtq/

rqugu cp qxgtxkgy qh rcrgtu cdqwv cevkxkv{ kfgpvkÝecvkqp
vgejpkswgu dcugf qp kpgtvkcn ugpuqtu0 Kvu ueqrg ku xgt{ nctig
cpf eqxgt ickv guvkocvkqp. rquvwtg guvkocvkqp cpf cnuq hcnn
fgvgevkqp0 Vjg CnvwpÓu rcrgt ]3:_ ku c tgxkgy qh ocejkpg
ngctpkpi dcugf cniqtkvjou vq rgthqto encuukÝecvkqp qh jwocp
cevkxkvkgu0 Hqt vjku rwtrqug. c fcvcdcug qh : rgtuqpu jcu dggp
tgeqtfgf. yjgtg vjg uwdlgevu gswkrrgf ykvj 7 ugpuqtu *ejguv.
qpg qp gcej vjkij1ytkuv+ jcf vq rgthqto 3; fkhhgtgpv cevkxkvkgu
qh 7 okpwvgu gcej0 Gcej rtcevkegf cevkxkv{ kp vjg fcvcdcug
eqttgurqpfu vq cp cevkxkv{ vq dg fgvgevgf0 Kp vjg ecug qh
etquu wugt xcnkfcvkqp *k0g0 N32 ogvjqf kp vjg rcrgt+. eqphwukqp
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ocvtkegu ctg pqv rtqxkfgf cpf vjg dguv fgvgevkqp tcvkq ku enqug
vq 87.6% *ocvjgocvkecn dcugf hgcvwtgu cpf UXO encuukÝgt+0
Vjgug tguwnvu ujqy vjg cfgswcvkqp qh oqvkqp ugpuqtu vq cuuguu
rj{ukecn cevkxkvkgu0 Jqygxgt eqpenwukqpu ecp pqv fktgevn{ dg
wugf hqt fckn{ nkhg oqpkvqtkpi u{uvgou dgecwug ocp{ cevkxkvkgu
ctg vqq urgekÝeu cpf qxgtncr ykvj qvjgtu *rnc{kpi dcumgvdcnn
ecp dg uggp cu c eqodkpcvkqp qh lworkpi cpf twppkpi+ cpf
uqog ncem qh tgrtgugpvcvkxgpguu *ukvvkpi ecp vcmg ocp{ hqtou kp
rtcevkeg < uvtckijv ukvvkpi. unqwejkpi. ukvvkpi yjkng dwv oqxkpi
ctou000+0 Hwtvjgtoqtg. hqt c fckn{ nkhg u{uvgo. 7 ugpuqtu ctg
rtqdcdn{ vqq ocp{ hqt ceegrvcdknkv{ cpf vjgkt nqecvkqpu ctg
rtqdcdn{ vqq kpxcukxg0
Kp vjku rcrgt. vyq eqpvtkdwvkqpu vq vjg rj{ukecn cevkxkv{

cuuguuogpv rtqdngo ctg fguetkdgf0 Vjg Ýtuv qpg ku pqxgn
ukipcn rtqeguukpi ogvjqfu vq rgthqto guvkocvkqp< Kp ocejkpg
ngctpkpi dcugf nkvvgtcvwtg vq cuuguu rj{ukecn cevkxkv{. cniqtkvjou
rgthqto encuukÝecvkqp cuuwokpi vjcv vjg guvkocvgf ugswgpeg qh
cevkxkvkgu ku c vkog kpfgrgpfcpv ugswgpeg0 Yjgp oqpkvqtkpi c
rgtuqp cevkxkv{. vjku cuuworvkqp ku kp igpgtcn pqv xcnkf cpf
gxgpvu vjcv ngcuv hqt c ujqtv vkog fwtcvkqp *k0g0 nguu vjcp 3/4
ugeqpfu+ ctg pqv wuwcnn{ qh kpvgtguv ukpeg pqv tgngxcpv qh rj{u/
kecn ngxgn qh cevkxkvkgu0 C oqtg tgcnkuvke cuuworvkqp ku vjcv vjg
cevkxkv{ rgthqtogf cv ewttgpv vkog kpfgz ku uvtqpin{ eqttgncvgf
vq vjg cevkxkv{ rgthqtogf cv vkog kpfgzgu lwuv dghqtg0 Jgpeg vjg
ugswgpeg qh cevkxkvkgu ku pq oqtg eqpukfgtgf cu cp kpfgrgpfcpv
ugswgpeg dwv tcvjgt c vkog eqttgncvgf ugswgpeg0 C itcrj dcugf
ogvjqf ku rtqrqugf vq vcmg kpvq ceeqwpv vjku rtkqt mpqyngfig
cdqwv vjg rgtuqp cevkxkv{0 Vjg vkog eqttgncvkqp rtqrgtv{ qh vjg
ugswgpeg vq guvkocvg ecp dg oqfgngf d{ c Octmqx ejckp cpf
Jkffgp Octmqx oqfgnu ]58_ rtqxkfg cp cfcrvgf htcogyqtm hqt
vjku rwtrqug ]59_. ]5:_0 Vjg itcrj dcugf ogvjqf ku jgpeg Ýtuv
fguetkdgf hqt Pckxg Dc{gu encuukÝgt ykvjkp vjku htcogyqtm.
cpf vjgp gzvgpfgf vq qvjgt encuukÝgtu *mPP. CPP. UXO.
Hkujgt NFC+0 Vjgug vjgqtgvkecn fgxgnqrogpv ctg fkuewuugf kp
ugevkqp KK0
Vjg ugeqpf eqpvtkdwvkqp ku c eqorngvg gxcnwcvkqp qh u{uvgo

rgthqtocpeg hqt c fckn{ nkhg oqpkvqtkpi0 Rj{ukecn cevkxkv{ ecp
gkvjgt dg uvtwevwtgf *4 jqwtu qh urqtv+ qt wpuvtwevwtgf *rj{ukecn
cevkxkv{ cv yqtm+0 Vjg Ýtuv mkpf qh cevkxkv{ ecp gcukn{ dg
guvkocvgf d{ vjg wugt yjgtgcu vjg ugeqpf qpg ku owej oqtg
fkhÝewnv0 Cu cp gzgorng. kv ku xgt{ jctf vq cp{dqf{ vq guvkocvg
cv vjg gpf qh c yqtmkpi fc{ vjg vkog urgpv dgjkpf c fgum cpf
vjg vkog uvcpfkpi yckvkpi htqo vjg rtkpvgt0 Vjg oqpkvqtkpi u{u/
vgo ckou vq guvkocvg vjku mkpf qh cevkxkvkgu cpf jgpeg oqpkvqt
cevkxkvkgu uwej cu n{kpi. *unqwejkpi+ ukvvkpi. uvcpfkpi. ycnmkpi
*cpf cevkxg ycnmkpi+0 C fcvcdcug qh oqtg vjcp 432 jqwtu qh
3 czku ceegngtqogvgt ukipcnu *yqtp qp dgnv+ jcu dggp wugf
hqt vjku rwtrqug ykvj oqtg vjcp 3; cevkxkvkgu *uqog qh vjgo
eqttgurqpfkpi vq c ucog cevkxkv{ vq fgvgev+0 Ugxgtcn xcnkfcvkqp
uegpctkq jcxg dggp eqpukfgtgf vq gxcnwcvg korcev qp u{uvgo
rgthqtocpeg qh pwodgt qh rj{ukecn cevkxkvkgu eqpukfgtgf *4
qt 6+ cpf wug qh rtkqt kphqtocvkqp cdqwv wugt *cig. DOK.
ugzg.000+0 Hqt gcej ecug. 5 itcrj dcugf gphqteg encuukÝgtu jcxg
dggp vguvgf cpf rgthqtocpeg cpcn{¦gf0 Vjku ku fguetkdgf ykvj
xcnkfcvkqp uegpctkqu kp ugevkqp KKK0 Ugngevgf hgcvwtgu vq rgthqto
encuukÝecvkqp. rgthqtocpeg gxcnwcvkqp ogvjqf cpf rtqrqugf
cniqtkvjou eqpÝiwtcvkqpu ctg fguetkdgf kp ugevkqp KX0 Rgthqt/
ocpeg tguwnvu ctg fkuewuugf kp ugevkqp X cpf eqpenwukqpu ctg

ikxgp kp ugevkqp XK0

KK0 ITCRJ DCUGF OGVJQF HQT RJ[UKECN CEVKXKV[
CUUGUUOGPV

Vjg itcrj dcugf ogvjqf rwtrqug ku vq kpvtqfweg rtkqt cu/
uworvkqp cdqwv vjg ugswgpeg qh rj{ukecn cevkxkvkgu vq guvkocvg<
Vjku ugswgpeg ku pqv oqfgnngf cu c vkog kpfgrgpfcpv ugswgpeg
dwv cu c vkog eqttgncvgf qpg0 Kp ocvjgocvkecn ncpicig. khO(m)
ku cp qdugtxcvkqp xgevqt qh c ugv qh hgcvwtgu cv vkog kpfgz
m. A(m) vjg rgthqtogf cevkxkv{. cpf Â(m) kvu guvkocvg. c
encuukecn ocejkpg ngctpkpi cniqtkvjo guvkocvgu Â(m) cu c
hwpevkqp qh O(m)0 Ykvj itcrj dcugf ogvjqf. Â(m) fgrgpfu
qp O(m) cpf A(m− 1)0
Vjg vkog eqttgncvkqp rtqrgtv{ qh ugswgpeg qh cevkxkvkgu

{A(m)}m ecp dg oqfgnngf wukpi c Octmqx ejckp0 Kh vjg
pwodgt qh cevkxkvkgu qh kpvgtguv ku N . vjku vkog eqttgncvkqp ku
hwnn{ fguetkdgf d{ kpkvkcnkucvkqp cpf vtcpukvkqp rtqdcdknkvkgu<

∀i ∈ {0, · · · , N − 1} , πi = p (A(0) = i)

∀ 0 ≤ (i, j) ≤ N − 1, ai,j = p (A(m) = j|A(m− 1) = i)

Vjg ugv qh rtqdcdknkvkgu ku tghgtgf cu vjg itcrj kp vjg hqnnqykpi0
Kh c vtcpukvkqp ku pqv cnnqygf htqo cevkxkvkgu #i vq #j. kv ecp
dg fguetkdgf kp vjg cniqtkvjo d{ ugvvkpi ai,j = 00 Vq gphqteg
uvcdknkv{ kp vjg ugswgpeg qh guvkocvgf cevkxkvkgu. rtqdcdknkv{ vq
tgockp ykvjkp c uvcvg ecp dg ugv vq c rtqdcdknkv{ enqug vq qpg<
ai,i = 1− ǫ0
Hqt vjg rj{ukecn cevkxkv{ guvkocvkqp rtqdngo cfftguugf kp

vjku rcrgt pq vtcpukvkqp ku ocfg korquukdng *ugg ugevkqp KKK
hqt oqtg rtgekug fguetkrvkqp+0 Vjg itcrj ku tcvjgt wugf vq vcmg
kpvq ceeqwpv vjcv vjg cevkxkv{ rgthqtogf cv c vkog kpfgz ku
oqtg nkmgn{ vjg ucog vjcv vjg qpg rgthqtogf cv rtgxkqwu vkog
kpfgzgu0 Vjg hqnnqykpi xcnwgu ctg vjgtghqtg wugf<

∀i ∈ {0, · · · , N − 1} , πi = 1/N

∀i ∈ {0, · · · , N − 1} , ai,i = 1− ǫ

∀(i �= j) ∈ {0, · · · , N − 1}
2

, ai,j = (1− ǫ) /(N − 1)

Jkffgp Octmqx oqfgnu htcogyqtm rtqxkfgu cp cfcrvgf
vjgqtgvkecn eqpvgzv vq fgxgnqr c itcrj dcugf Pckxg Dc{gu
encuukÝgt ykvj vjku rtkqt cuuworvkqp oqfgnnkpi0 Vjg itcrj
dcugf ogvjqf ku fgxgnqrrgf kp vjku eqpvgzv. cpf vjgp gzvgpfgf
vq qvjgt encuukÝgtu0

C0 Pckxg Dc{gu encuukÝgt. Jkffgp Octmqx oqfgnu cpf itcrj
dcugf ogvjqfu

Pckxg Dc{gukcp encuukÝgtu ctg dcugf qp rtqdcdknkuvke fg/
uetkrvkqp ykvj uvtqpi kpfgrgpfcpeg cuuworvkqpu qh qdugtxcvkqp
xgevqtu hqt gcej cevkxkv{ qh kpvgtguv< ∀i ∈ {0, · · · , N − 1}.
p (O(m)|A(m))0 Uwo qh Icwuukcp ncyu fgpukv{ rtqdcdknkv{
hwpevkqpu ctg kp igpgtcn wugf hqt vjku rwtrqug0 Ykvj vjg cdqxg
oqfgnnkpi hqt ugswgpeg A(m) cpf uqog cffkvkqpcnu dwv pqv
tguvtkevkxg cuuworvkqpu qp dqvj ugswgpegu O(m) cpf A(m).
vjg eqwrng {O(m), A(m)} ku c uq/ecnngf Jkffgp Octmqx
oqfgn ]58_0 Ikxgp c ugswgpeg qh qdugtxcvkqpu qh ngpivj M .
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O (0 : M − 1) = {O(0), · · · , O(M − 1)}. vjg eqttgurqpfkpi
ugswgpeg qh cevkxkvkgu ecp dg guvkocvgf cu<

Â (0 : M − 1) = argmax
A(0:M−1)

p (O(0 : M − 1)|A(0 : M − 1))

*3+
Kp rtcevkeg. vjku guvkocvkqp ku rgthqtogf wukpi c Xkvgtdk
cniqtkvjo ]5;_0
Wukpi Jkffgp Octmqx oqfgnu rtqrgtvkgu. vjg tkijv jcpf

vgto qh vjku gswcvkqp ytkvgu<

p (A(0)) p (O(0)|A(0))
∏M−1

m=1 p (O(m)|A(m)) p (A(m)|A(m− 1)) *4+

Kp *4+. vgtou p (A(0)) cpf p (A(m)|A(m− 1)) tghgt vq vjg
itcrj eqpuvtckpvu0 Vgtou p (O(m)|A(m)) tghgt vq vjg pckxg
Dc{gu encuukÝgt cpf nkpm vjg qdugtxcvkqp xgevqt vq cevkxkvkgu
qh kpvgtguv0 Itcrj dcugf ogvjqf ku dcugf qp vjg qdugtxcvkqp
vjcv kp vjg tgncvkqp *4+. vjgug vgtou. p (O(m)|A(m)). ecp dg
tgrncegf d{ cpqvjgt hwpevkqp J (O(0 : M − 1)|A(m)) ogcuwt/
kpi vjg eqpÝfgpeg ykvjkp cevkxkv{ A(m)0 Vjku hwpevkqp ujqwnf
dgjcxg cu c r0f0h0 hwpevkqp. k0g0 c hwpevkqp vcmkpi rqukvkxg xcnwgu
cpf itqykpi ykvj vjg eqpÝfgpeg kp vjg cuuworvkqp A(m)0 Vjg
qrvkok¦cvkqp rtqdngo *3+ ytkvgu vjgp cu<

Â (0 : M − 1) = argmax
A(0:M−1)

Φ (O(0 : M − 1)|A(0 : M − 1))

*5+
yjgtg Φ (O(0 : M − 1)|A(0 : M − 1)) ytkvgu

p (A(0)) J (O(0 : M − 1)|A(0)) *6+
∏M−1

m=1 J (O(0 : M − 1)|A(m)) p (A(m)|A(m − 1))

Kp rtcevkeg cpf cu hqt jkffgp Octmqx oqfgnu. c Xkvgtdk
cniqtkvjo ecp dg wugf vq uqnxg vjku guvkocvkqp rtqdngo0 Kp
vjg hqnnqykpi qh vjku ugevkqp. J hwpevkqpu ctg fgtkxgf hqt vjg
hqnnqykpi encuukÝgtu< CPP. Hkujgt NFC. UXO cpf mPP0

D0 J hwpevkqpu hqt uqog encuukÝgtu
3+ m/PP< Ikxgp cp qdugtxcvkqp xgevqt O(m). vjg m/pgwtguv

pgkijdqtu cniqtkvjo encuukÝecvkqp uqtvu vjg vtckpkpi ugswgpeg
xgevqtu ceeqtfkpi vq vjgkt gwenkfkcp fkuvcpeg vq O(m)0 Fgek/
ukqp ku fqpg wukpi vjg encuu ykvj vjg itgcvgt pwodgt qh vtckpkpi
rqkpvu kp vjg m enquguv rqkpvu0 Hqt vjku encuukÝgt cpf hqt gcej
encuu i ∈ {0, · · · , N − 1}. vjg hwpevkqp J (O(m)|A(m) = i)
ku fgÝpgf cu vjg pwodgt pgkijdqtu qh O(m) eqttgurqpfkpi vq
encuu i ykvjkp vjg k enquguv0
4+ NFC dcugf cniqtkvjou< Kp vjku ugevkqp Hkujgt NFC cpf

UXO encuukÝgtu ctg eqpukfgtgf0 UXO ku eqpukfgtgf ykvjqwv
mgtpgn dwv gzvgpukqp vq vjg Mgtpgn ecug ku uvtckijv hqtyctf0
Vjgug encuukÝgtu ctg fgukipgf hqt dkpct{ encuukÝecvkqp< ikxgp
vyq ugvu qh fcvc. dqvj guvkocvg c ugrctcvkpi j{rgtrncp *ykvj
c rtqrgt ogvjqf+ cpf encuukÝecvkqp ku fqpg ceeqtfkpi vq vjg
xgevqt O(m) rqukvkqp ykvj tgurgev vq vjku j{rgtrncp0 Kp vjg
vyq encuu ecug. kh d0,1 fgpqvgu vjg ukipgf fkuvcpeg dgvyggp
O(m) cpf vjg j{rgtrncp. rqukvkxg kh encuu #0 ku fgekfgf cpf
pgicvkxg qvjgtykug. vjg eqpÝfgpeg hwpevkqpu J ecp dg wugf<

J (O(m)|A(m) = 0) = 1/2 (1 + tanh (d0,1))

J (O(m)|A(m) = 1) = 1/2 (1 + tanh (d1,0)) ,

yjgtg d1,0 = −d0,10
Gzvgpukqp vq ownvkencuu ecug ku fqpg wukpi qpg xgtuwu qpg

encuukÝecvkqp0 Hqt gcej eqwrng qh encuugu (i, j). c j{rgtrncp ku
guvkocvgf cpf c fkuvcpeg ku eqorwvgf hqt encuukÝecvkqp di,j =
−dj,i cu fgÝpgf cdqxg0 Vjg hqnnqykpi eqpÝfgpeg hwpevkqpu J
ecp dg wugf< ∀i ∈ {0, · · · , N − 1}.

J (O(m)|A(m) = i) =
∑

j �=i

1/2 (1 + tanh (di,j)) *7+

5+ CPP< CtvkÝecn pgwtcn pgvyqtmu cniqtkvjou pcvwtcnn{ Ývu
ykvj eqpÝfgpeg hwpevkqpu kh c ownvknc{gt CPP jcu dggp wugf
ykvj cu ocp{ qwvrwv pgwtqpu cu encuu pwodgt N 0 Cpf kh
vjg qwvrwv nc{gt cevkxcvkqp hwpevkqp ctg ukioqkf hwpevkqpu
vtckpgf uwej cu pqfg #i qwvrwv ku gswcn vq 1 hqt vtckpkpi fcvc
eqttgurqpfkpi vq encuu #i cpf 0 qvjgtykug0 Vjg CPP qwvrwvu
ecp jgpeg dg wugf fktgevn{ cu eqpÝfgpeg hwpevkqpu0

KKK0 XCNKFCVKQP FCVCDCUG

Vjg qdlgevkxg qh vjg rcrgt ku vyq hqnfu< gxcnwcvg dgpgÝvu qh
itcrj dcugf ogvjqf vq cuuguu rj{ukecn cevkxkv{ cpf gxcnwcvg
rgthqtocpeg qh c fckn{ nkhg cevkxkv{ oqpkvqtkpi u{uvgo0 Kp vjku
ugevkqp. vjg xcnkfcvkqp fcvcdcug wugf cpf eqpukfgtgf uegpctkqu
vq tgcej dqvj qdlgevkxgu ctg fguetkdgf0

C0 Fcvcdcug fguetkrvkqp
Hkhv{ vyq uwdlgevu *4; ogp cpf 45 yqogp+. htgg qh cp{

ejtqpke mpqyp fkugcugu. cigf 3; vq 77 {gctu *ogcp ± UF ?
5802 ± 350: {+ ygtg kpenwfgf kp vjg uvwf{ cpf rctvkekrcvgf
vq vjg gzrgtkogpvcn rtqegfwtg. yjkej eqpukuvgf kp c ugtkgu
qh uvcpfctfk¦gf cevkxkvkgu cpf c 52/okp htgg rj{ukecn cevkxkv{
rgtkqf. cnn rgthqtogf wpfgt uwrgtxkukqp yjkng ygctkpi fkhhgt/
gpv rj{ukecn cevkxkv{ oqpkvqtu0 Vjg uwdlgevu ygtg ugngevgf vq
qdvckp c ucorng qh xqnwpvggtu ykvj xct{kpi ygkijv cpf rj{ukecn
cevkxkv{ uvcvwu0 3: uwdlgevu jcf c pqtocn DOK *42 < DOK <
47 kg/m2+. 39 ygtg qxgtygkijv *47 <DOK < 52 kg/m2+
cpf 39 qdgug *DOK > 52 kg/m2+0 Ugfgpvct{ cpf rj{ukecnn{
cevkxg uvcvwugu cv kpenwukqp ygtg fgvgtokpgf d{ vjg OQURC/
S swguvkqppcktg. ykvj ugfgpvct{ uwdlgevu tgrqtvkpi nkvvng qt
pq gxgt{fc{ rj{ukecn cevkxkv{ cpf pq tgiwnct ngkuwtg rj{ukecn
cevkxkv{0 Rgcm XQ4 ycu cnuq guvkocvgf htqo c uvcpfctfk¦gf uvgr
vguv rgthqtogf vjg fc{ dghqtg vjg gzrgtkogpv0 Vjg uvwf{ ycu
crrtqxgf d{ vjg Kpuvkvwvkqpcn Tgxkgy Dqctf qh Tjöqpg/Cnrgu
KK *Htcpeg+ cpf kphqtogf ytkvvgp eqpugpv ycu qdvckpgf htqo
gcej uwdlgev0 Tguvkpi ogvcdqnke tcvg ycu ogcuwtgf d{ kpfktgev
ecnqtkogvt{ *Ugtxqrtq 6322+ hqt 52 okpwvgu chvgt cp qxgtpkijv
hcuv cpf cv ngcuv 52 okp tguv kp uwrkpg rqukvkqp0 Uwdlgevu ygtg
vjg ugtxgf c nkijv dtgcmhcuv cpf gswkrrgf ykvj fkhhgtgpv ce/
vkxkv{ oqpkvqtu coqpi yjkej coqpi qpg jkr/oqwpvgf Oqvkqp
RQFTM *OQXGC+0 Vjg uwdlgevu vjgp rctvkekrcvgf vq c ugtkgu
qh 46 7/okp cevkxkv{ vcumu qh xct{kpi kpvgpukvkgu rgthqtogf kp
fkhhgtgpv rqukvkqpu *n{kpi. ukvvkpi. uvcpfkpi. ycnmkpi qt dkmkpi+.
hqnnqygf d{ c 52/okp htgg cevkxkv{ eqorqpgpv *K+0

D0 Rj{ukecn cevkxkvkgu qh kpvgtguv
Vjg xcnkfcvkqp uegpctkq eqttgurqpfu vq c fckn{ nkhg uegpctkq

ykvj c oqpkvqtkpi u{uvgo c nguu kpxcukxg cu rquukdng0 Kp vjku
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Rtcevkegf cevkxkv{ Cevkxkv{ vq tgeqipk¦g
4 cevkxkvkgu 6 cevkxkvkgu

N{kpi N{kpi N{kpi
Unqwejgf

Ukvvgf

Unqwejgf
Ukvvkpi ykvjqwv oqxgogpv

UkvvgfUkvvkpi rnc{kpi ykvj dcnn
Ukvvkpi tckukpi dqvvng

Ukvvkpi yqtmkpi qp eqorwvgt
Uvcpfkpi ykvjqwv oqxgogpv

Uvcpfkpi UvcpfkpiUvcpfkpi ykvj unqy cto oqxgogpv
Uvcpfkpi ykvj hcuv cto oqxgogpv

Unqy ycnmkpi

Ycnmkpi YcnmkpiOqfgtcvg ycnmkpi
Cevkxg ycnmkpi
Wr ycnmkpi
Twppkpi Twppkpi
Uvcorkpi

Pqv cppqvgf Pqv cppqvgfUyggrkpi
Ycujkpi incuugu

VCDNG K
UKPING CEEGNGTQOGVGT ECUG< EQTTGURQPFCPEG DGVYGGP

RTCEVKEGF CEVKXKV[ CPF CPPQVGF CEVKXKV[

eqpvgzv. kv ujqwnf dg pqvgf vjcv cevkxkvkgu ecp dg uqtv kp vyq
ockp ecvgiqtkgu< uvtwevwtgf cpf pqp/uvtwevwtgf0 Vjg uvtwevwtgf
cevkxkvkgu uwej cu urqtvu ctg ygnn pqvkegf d{ vjg wugt cpf.
kp igpgtcn. jg fqgupÓv pggf c u{uvgo vq vgnn jko jqy nqpi
jg rtcevkegf urqtv0 Vjg wpuvtwevwtgf cevkxkvkgu uwej cu vjqug
rtcevkegf cv yqtm qt cv jqog ctg owej oqtg fkhÝewnv vq
guvkocvg0 Cu cp knnwuvtcvkqp gzcorng. cv vjg gpf qh vjg fc{
cp{qpg ecp guvkocvg jqy nqpi jg jcu rtcevkegf urqtvu kh uq0 Dwv
pqv nkmgn{ vjg vkog urgpv ukvvkpi cv ku fgum cpf vjg vkog urgpv
ycnmkpi qt uvcpfkpi wr0 Vjg fckn{ nkhg u{uvgo ku tcvjgt wugf
vq cuuguu rj{ukecn cevkxkv{ kp vjku eqpvgzv kp yjkej c rgtuqp ku
wpcdng vq fq kv d{ kvugnh0
Vyq ecugu jcxg vjgtghqtg dggp eqpukfgtgf0 Kp vjg Ýtuv qpg.

vjg u{uvgo ku wugf vq oqpkvqt vjg hqwt hqnnqykpi cevkxkvkgu<
N{kpi. ukvvkpi. uvcpfkpi cpf ycnmkpi0 Kp vjg ugeqpf qpg. vyq
cffkvkqpcn cevkxkvkgu ctg eqpukfgtgf< unqwejkpi cpf cevkxg ycnm/
kpi0 Vjg eqttgurqpfcpeg dgvyggp rtcevkegf cevkxkv{ fwtkpi
ceswkukvkqp ecorckip cpf cevkxkv{ vq tgeqipk¦g ku fguetkdgf
kp vcdng K0 Kv ecp dg qdugtxgf vjcv vctigv cevkxkvkgu vq guvkocvg
eqttgurqpf vq c tcpig qh rtcevkecn ukvwcvkqpu cpf gzrgtkogpvu0
Vjku uegpctkq ku owej oqtg tgcnkuvke hqt c fckn{ nkhg u{uvgo
yjgtg c rgtuqp ecp hqt gzcorng dg ukvvgf kp ugxgtcn yc{u0 C
ugeqpf tgoctm ku vjcv c hgy cevkxkvkgu ctg pqv cppqvcvgf kp vjg
fcvcdcug qh cevkxkvkgu. eqttgurqpfkpi vq uvcorkpi oqxgogpvu0
Vjku ku dgecwug uvcorkpi ecp dg uggp gkvjgt cu uvcpfkpi
qt ycnmkpi cevkxkvkgu cpf ecp ukipkÝecpvn{ fkhhgt htqo qpg
rgtuqp vq cpqvjgt *uqog ctg dctgn{ oqxkpi yjgtgcu qvjgtu
ctg jqrrkpi+0 Vjgug cevkxkvkgu ctg vjgtghqtg tgoqxgf htqo
rtqeguugf ugv qh ugswgpegu0

E0 Xcnkfcvkqp uegpctkq
Ugxgtcn mkpf qh oqfgnu jcxg dggp eqpukfgtgf vq ugv wr vjg

u{uvgo<
3+ Wpkxgtucn oqfgn < pq kphqtocvkqp cdqwv u{uvgo wugt ku

tgswktgf *52 uwdlgevu jcxg dggp wugf+0
4+ Cig fgrgpfcpv oqfgn / 3 ecugu jcxg dggp fgÝpgf< cig

< 30 {gctu qnf *17 uwdlgevu+. 30 <cig< 40 {gctu qnf

*15 uwdlgevu+. cig > 40 {gctu qnf *20 uwdlgevu+
5+ DOK fgrgpfcpv oqfgn / 3 ecugu jcxg dggp fgÝpgf<

20 < BMI < 25 *18 uwdlgevu+. 25 < BMI < 30
*17 uwdlgevu+. BMI > 30 *17 uwdlgevu+

6+ Ugzg fgrgpfcpv oqfgn / 2 ecugu jcxg dggp fgÝpgf *29
ogpu cpf 23 yqogpu+

7+ Rj{ukecn cevkxkv{ ngxgn fgrgpfcpv oqfgn / 2 ecugu jcxg
dggp fgÝpgf eqttgurqpfkpi vq cevkxg *26 uwdlgevu+ cpf
ugfgpvct{ *26 uwdlgevu+

8+ Rj{ukecn cevkxkv{ ngxgn cpf ugzg fgrgpfcpv oqfgn / 4
ecugu jcxg dggp fgÝpgf eqttgurqpfkpi vq cevkxg ogpu
*16 uwdlgevu+. cevkxg yqogpu *10+ cpf ugfgpvct{ ogpu
*13+ cpf yqogp *13+0

KX0 RGTHQTOCPEG GXCNWCVKQP

Kp vjku ugevkqp. rgthqtocpeg gxcnwcvkqp ogvjqfu ctg fg/
uetkdgf0 Vjg Ýtuv rctv ku cdqwv vjg ugpuqt ukipcnu cpf hgcvwtgu
wugf vq rgthqto vjg encuukÝecvkqp0 Rgthqtocpeg etkvgtkqpu ctg
vjgp fgÝpgf cpf Ýpcnn{ ocejkpg ngctpkpi eqpÝiwtcvkqpu hqt
gcej uegpctkq ctg rtqxkfgf0

C0 Hgcvwtgu gzvtcevkqp

Vjg hgcvwtgu wugf vq rgthqto encuukÝecvkqp ctg dcugf qp
vjg ugpuqt rj{ukeu0 C 5/czku ceegngtqogvgt ugpuqt ogcuwtgu cv
gcej vkog kpfgz c 3 fkogpukqpcn xgevqt γ(m)<

γ(m) = γg(m) + γp(m)

yjgtg γg(m) ku vjg rtqlgevkqp qh gctvj itcxkvcvkqpcn Ýgnf qp
vjg ugpuqt czku. cpf γp(m) ku vjg ugpuqt rtqrgt ceegngtcvkqp0
Kp uvcvke rjcugu. γp(m) xcpkujgu cpf vjg ugpuqt ogcuwtgu kvu
qtkgpvcvkqp ykvj tgurgev vq itcxkv{0
Vjg ukipcnu ctg ucorngf cv 100J¦ kp vjg oqvkqp RQF

u{uvgou0 Vjg Ýtuv rtqeguukpi ku vq tgfweg d{ fqypucornkpi
ykvj crrtqrtkcvg cpvk/cnkcukpi Ýnvgt vjg ukipcn vq 5J¦0
Vjg dgnv ugpuqt ukipcn ku Ýtuv nqy rcuu Ýnvgtgf vq guvkocvg

γ̂g(m) cpf dcpf rcuu Ýnvgtgf vq guvkocvg γ̂p(m)0 Cuuwokpi
vjcv vjg xgevqt qtkgpvcvkqp ykvj tgurgev vq itcxkv{ yjgp vjg
rgtuqp ku uvcpfkpi wr ku mpqyp cpf fgpqvgf cu λ *gkvjgt
dgecwug ugpuqtu ctg cnyc{u yqtp kp vjg ucog yc{ qt dgecwug
c ecnkdtcvkqp uvgr jcu dggp fqpg+. vjg Ýtuv hgcvwtg wugf vq
rgthqto encuukÝecvkqp ku vjg rtqlgevkqp qh γ̂g(m) qp vjku xgevqt<
< γ̂g(m), λ >0 Kv ku qdxkqwu vjcv vjku etkvgtkqp kpfkecvgu vjg dgnv
qtkgpvcvkqp qh vjg rgtuqp ykvj tgurgev vq uvcpfkpi wr rqukvkqp0
Kh vjg rgtuqp ku uvcpfkpi wr. < γ̂g(m), λ >= 1. cpf kh ku n{kpi.
< γ̂g(m), λ >= 00
Vjg ugeqpf ukipcn γ̂p(m) ku wugf vq gxcnwcvg rtgugpeg qt

cdugpeg qh cevkxkvkgu0 Vjg ugeqpf hgcvwtg wugf vq rgthqto
encuukÝecvkqp ku vjku xgevqt pqto < ‖γ̂p(m)‖20 Kh vjg rgtuqp
ku uvcvke. ‖γ̂p(m)‖2 = 0. qvjgtykug ‖γ̂p(m)‖2 > 00
Hqt vjg dgnv ugpuqt. vjg hqnnqykpi hgcvwtg xgevqt qh fkogp/

ukqp 2 ku jgpeg wugf<

O(m) = [< γ̂g(m), λ > ‖γ̂p(m)‖2]T ,

yjgtg .T ku vjg vtcpurqug qrgtcvqt0 O(m) ku ucorngf cv 5J¦
yjkej ku cnuq vjg cniqtkvjo encuukÝecvkqp tcvg0
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D0 Rgthqtocpeg ogcuwtgogpv ogvjqfu

Vjg rgthqtocpeg jcu dggp ogcuwtgf wukpi wugt etquu xcnkfc/
vkqp0 Hqt gcej qpg qhN ugswgpegu. ocejkpg ngctpkpi cniqtkvjo
vtckpkpi jcu dggp rgthqtogf qp vjg tgockpkpiN−1 ugswgpegu0
Hqt gcej ugswgpeg. fgvgevkqp rgthqtocpeg ku gxcnwcvgf ceeqtf/
kpi vq vyq etkvgtkqpu< vjg iqqf fgvgevkqp tcvg cpf vjg eqphwukqp
ocvtkz0
Ikxgp c ugswgpeg qh ngpivjM . yjgtg A(m) ku vjg cppqvcvgf

cevkxkv{ cv vkog kpfgz m cpf Â(m) kvu guvkocvg eqorwvgf
d{ vjg encuukÝecvkqp cniqtkvjo. vjg iqqf fgvgevkqp tcvg ku
ogcuwtgf cu<

GDR =
1

M

M−1
∑

m=0

�

(

A(m) = Â(m)
)

, *8+

yjgtg �

(

A(m) = Â(m)
)

= 1 kh A(m) = Â(m) cpf 0

qvjgtykug0 Vjg eqphwukqp ocvtkz Γ ku c uswctg ocvtkz qh uk¦g
N×N .yjgtg N ku vjg pwodgt qh encuugu cpf yjqug gngogpvu
Γi,j ctg fgÝpgf cu<

Γi,j =

∑M−1
m=0 � (A(m) = i)�

(

Â(m) = j
)

∑M−1
m=0 � (A(m) = i)

*9+

Γi,j ku vjg rtqdcdknkv{ vq guvkocvg cevkxkv{#j yjgp cevkxkv{ #i
ku rtcevkegf0 Kh rgthgev encuukÝecvkqp qeewtgf. eqphwukqp ocvtkz
ku c fkciqpcn ocvtkz0
Kp xcnkfcvkqp htcogyqtm. dqvj etkvgtkqpu ctg guvkocvgf hqt

cnn ugswgpegu0 Vjg rtgugpvgf etkvgtkqp ctg gzvgpfgf xgtukqpu
qh gswcvkqpu *8+ cpf *9+ kp yjkej uwou ctg dqvj rgthqtogf
qp vkog kpfgz cpf ugswgpeg kpfgz0 Hwtvjgt hqt gcej encuukÝgt.
rgthqtocpeg ctg gxcnwcvgf ykvj vjg itcrj vq gphqteg fgekukqp.
cpf ykvjqwv kv0 Ykvjqwv itcrj. vjg fgekukqp ku ukorn{ fqpg cu<

Â(m) = argmax
A(m)

J(O(m)|A(m)).

E0 EncuukÝgtu eqpÝiwtcvkqp

5 encuukÝgtu jcxg dggp eqpukfgtgf vq gxcnwcvg vjgkt rgt/
hqtocpeg cpf itcrj cff xcnwgu0 Vjgkt rctcogvgtu ctg vjg
hqnnqykpi qpgu<
3+ Pckxg Dc{gu< C uwo qh 2 Icwuukcp ncyu jcu dggp wugf

vq oqfgn vjg r0f0h0 qh gcej cevkxkv{0 Vtckpkpi ku fqpg wukpi
c encuukecn gzrgevcvkqp oczkok¦cvkqp cniqtkvjo ]62_ hqt gcej
cevkxkv{0
4+ CPP< C 2 jkffgp nc{gt CPP jcu dggp wugf0 Gcej nc{gt

jcu 4 pqfgu cpf cevkxcvkqp hwpevkqpu ctg ukioqkf hwpevkqpu0
Vjg CPP jcu cu ocp{ qwvrwvu cu pwodgt qh encuu vq fgvgev
N 0
5+ Hkujgt NFC< Pq rctcogvgt ku pggfgf hqt vjku encuukÝec/

vkqp cniqtkvjo0
6+ mPP< Vjg pwodgt qh pgctguv pgkijdqtu ku 50
7+ UXO< C tcfkcn dcugf hwpevkqp mgtpgn jcu dggp wugf.

K(xi, xj) = exp
(

−γ‖xi − xj‖
2
)

ykvj γ = 10 Vjg eqp/
uvtckpgf eqghÝekgpv C ku gswcn vq 1 *ugg ]45_+0

2 72 322 372

206

207

208

209

20:

20;

3

I
F
T
"o
gc
p"
xc
nw
g

Rgthqtocpeg"uegpctkq"kpfgz

Rgthqtocpeg"yq1"itcrj
Rgthqtocpeg"y1"itcrj

Hki0 40 Eqorctckuqp qh J xcnwgu qxgt xcnkfcvkqp uegpctkqu ykvj cpf ykvjqwv
itcrj

X0 FKUEWUUKQP

C0 Itcrj dcugf ogvjqf cff xcnwg guvkocvkqp
Vjg Ýtuv gxcnwcvkqp ku vjg itcrj dcugf ogvjqf cff xcnwg0

Hqt gcej encuukÝgt cpf gcej uegpctkq. ogcp xcnwgu qh iqqf
fgvgevkqp tcvg jcxg dggp gxcnwcvgf ykvjqwv cpf ykvj itcrj
gphqtegogpv0 Tguwnvu qp Ýiwtg 3 ujqy vjcv vjg rtqrqugf
ogvjqf jcu cp korcev qp vjg iqqf fgvgevkqp vjcv fgrgpfu qp
vjg encuukÝgt0
Vjku tguwnv ecp dg rctvkcnn{ gzrnckpgf ykvj vjg iqqf fg/

vgevkqp tcvg cejgkxgf d{ vjg fkhhgtgpv encuukÝgtu ykvjqwv vjg
itcrj0 Cu qpg qh vjg ogvjqf tguwnv ku vq uvcdknk¦g vjg fgvgevkqp.
c ytqpi fgvgevkqp ykvjqwv vjg itcrj ku cornkÝgf ykvj vjg
ogvjqf0 Vq gxcnwcvg vjku cuuworvkqp. cnn IFT tguwnvu hqt
dqvj 4 cpf 6 cevkxkvkgu ecugu cpf ykvjqwv itcrj jcxg dggp
ogtigf kpvq c eqooqp xctkcdng cpf uqtvgp0 Vjku pgy xctkcdng
jcu dggp rnqv ykvj. hqt gcej rqkpv. vjg eqttgurqpfkpi IFT
tgcejgf ykvj vjg itcrj0 Tguwnvu qp Ýiwtg 4 rctvkcnn{ eqpÝto
vjku cuuworvkqp0 Vjg{ ujqy vjcv hqt IFT xcnwgu ykvjqwv itcrj
nqygt vjcp 60%. vjg itcrj korcev ku pgicvkxg cpf IFT xcnwgu
fgetgcug yjgp ogvjqf ku crrnkgf0 Hqt xcnwgu dgvyggp 60% vq
75%. vjg itcrj cff xcnwg ku xgt{ uocnn. cpf hqt xcnwgu jkijgt
vjcp 75%. vjg cff xcnwg engctn{ crrgctu ykvj cp kpetgcug qh
IFT enqug vq 5%0
Cpqvjgt tgcuqp vq gzrnckp vjku tguwnv ku kp vjg ejqkeg

qh J hwpevkqpu0 J hwpevkqpu ujqwnf dg dqvj tgrtgugpvcvkxg
qp fgekukqp kpegtvkvwfg cpf vjgkt xcnwgu dcncpeg ykvj itcrj
vtcpukvkqp rtqdcdknkvkgu xcnwgu0 Vjku cpcn{uku jcu pqv dggp fqpg
kp vjku rcrgt cpf IFT xcnwgu encuukÝgt fgrgpfcpekgu ecp cnuq
dg gzrnckpgf d{ oqtg crrtqrtkcvg ejqkeg qh vjgug hwpevkqpu
hqt uqog qh wugf encuukÝgtu0
Kp vjg hqnnqykpi. qpn{ tguwnvu eqttgurqpfkpi vq itcrj dcugf

ogvjqf ctg eqorctgf0

D0 Fgvgevkqp qh 4 rj{ukecn cevkxkvkgu< n{kpi. ukvvkpi. uvcpfkpi
cpf ycnmkpi
3+ EncuukÝgt eqorctckuqp rgt xcnkfcvkqp uegpctkq< Vjg Ýtuv

gxcnwcvkqp ku cdqwv encuukÝgtu rgthqtocpeg eqorctckuqp hqt
vjg fkhhgtgpv xcnkfcvkqp uegpctkqu0 Cxgtcigf xcnwgu qh IFT
etkvgtkqpu jcxg vjgtghqtg dggp eqorwvgf hqt gcej encuukÝgt
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NFC Pckxg Dc{gu CPP mPP UXO

4
ce
vkx
kvk
gu

Cnn Cig DOK Cevkxkv{ Ugzg Cevkxkv{"cpf"ugzg
2057

206

2067

207

2077

208

2087

209

2097

20:
itcrj"cff"xcnwg"hqt"NFC"encuukhkgt"&"6"cevkxkvkgu"ecug

Rgthqtocpeg"uegpctkq"kpfgz

I
F
T
"o
gc
p"
xc
nw
g

Rgthqtocpeg"yq1"itcrj
Rgthqtocpeg"y1"itcrj

Cnn Cig DOK Cevkxkv{ Ugzg Cevkxkv{"cpf"ugzg

2087

209

2097

20:

20:7

20;

20;7

3
itcrj"cff"xcnwg"hqt"Pckxg"Dc{gu"encuukhkgt"&"6"cevkxkvkgu"ecug

Rgthqtocpeg"uegpctkq"kpfgz

I
F
T
"o
gc
p"
xc
nw
g

Rgthqtocpeg"yq1"itcrj
Rgthqtocpeg"y1"itcrj

Cnn Cig DOK Cevkxkv{ Ugzg Cevkxkv{"cpf"ugzg
2076

2078

207:

208

2084

2086

2088

208:

209

2094
itcrj"cff"xcnwg"hqt"CPP"encuukhkgt"&"6"cevkxkvkgu"ecug

Rgthqtocpeg"uegpctkq"kpfgz

I
F
T
"o
gc
p"
xc
nw
g

Rgthqtocpeg"yq1"itcrj
Rgthqtocpeg"y1"itcrj

Cnn Cig DOK Cevkxkv{ Ugzg Cevkxkv{"cpf"ugzg
20:

20:4

20:6

20:8

20::

20;

20;4

20;6
itcrj"cff"xcnwg"hqt"mPP"encuukhkgt"&"6"cevkxkvkgu"ecug

Rgthqtocpeg"uegpctkq"kpfgz

I
F
T
"o
gc
p"
xc
nw
g

Rgthqtocpeg"yq1"itcrj
Rgthqtocpeg"y1"itcrj

Cnn Cig DOK Cevkxkv{ Ugzg Cevkxkv{"cpf"ugzg
2087

209

2097

20:

20:7

20;

20;7

3
itcrj"cff"xcnwg"hqt"UXO"encuukhkgt"&"6"cevkxkvkgu"ecug

Rgthqtocpeg"uegpctkq"kpfgz

I
F
T
"o
gc
p"
xc
nw
g

Rgthqtocpeg"yq1"itcrj
Rgthqtocpeg"y1"itcrj

6
ce
vkx
kvk
gu

Cnn Cig DOK Cevkxkv{ Ugzg Cevkxkv{"cpf"ugzg
206

2067

207

2077

208

2087

209

2097
itcrj"cff"xcnwg"hqt"NFC"encuukhkgt"&"8"cevkxkvkgu"ecug

Rgthqtocpeg"uegpctkq"kpfgz

I
F
T
"o
gc
p"
xc
nw
g

Rgthqtocpeg"yq1"itcrj
Rgthqtocpeg"y1"itcrj

Cnn Cig DOK Cevkxkv{ Ugzg Cevkxkv{"cpf"ugzg

2087

209

2097

20:

20:7
itcrj"cff"xcnwg"hqt"Pckxg"Dc{gu"encuukhkgt"&"8"cevkxkvkgu"ecug

Rgthqtocpeg"uegpctkq"kpfgz

I
F
T
"o
gc
p"
xc
nw
g

Rgthqtocpeg"yq1"itcrj
Rgthqtocpeg"y1"itcrj

Cnn Cig DOK Cevkxkv{ Ugzg Cevkxkv{"cpf"ugzg
206:

207

2074

2076

2078

207:

208

2084

2086

2088
itcrj"cff"xcnwg"hqt"CPP"encuukhkgt"&"8"cevkxkvkgu"ecug

Rgthqtocpeg"uegpctkq"kpfgz

I
F
T
"o
gc
p"
xc
nw
g

Rgthqtocpeg"yq1"itcrj
Rgthqtocpeg"y1"itcrj

Cnn Cig DOK Cevkxkv{ Ugzg Cevkxkv{"cpf"ugzg
2096

2098

209:

20:

20:4

20:6

20:8

20::

20;

20;4
itcrj"cff"xcnwg"hqt"mPP"encuukhkgt"&"8"cevkxkvkgu"ecug

Rgthqtocpeg"uegpctkq"kpfgz

I
F
T
"o
gc
p"
xc
nw
g

Rgthqtocpeg"yq1"itcrj
Rgthqtocpeg"y1"itcrj

Cnn Cig DOK Cevkxkv{ Ugzg Cevkxkv{"cpf"ugzg
2077

208

2087

209

2097

20:

20:7

20;

20;7
itcrj"cff"xcnwg"hqt"UXO"encuukhkgt"&"8"cevkxkvkgu"ecug

Rgthqtocpeg"uegpctkq"kpfgz

I
F
T
"o
gc
p"
xc
nw
g

Rgthqtocpeg"yq1"itcrj
Rgthqtocpeg"y1"itcrj

Hki0 30 4 cpf 6 cevkxkvkgu ecug < eqorctckuqp qh GDR xcnwgu qxgt xcnkfcvkqp uegpctkqu ykvj cpf ykvjqwv itcrj rgt encuukÝgt

Cnn Cig DOK Cevkxkv{ Ugzg Cevkxkv{"cpf"ugzg

206

207

208

209

20:

20;

3

I
F
T
"o
gc
p"
xc
nw
g

6"cevkxkvkgu"ecug

NFC
Pckxg"Dc{gu
CPP
mPP
UXO

Cnn Cig DOK Cevkxkv{ Ugzg Cevkxkv{"cpf"ugzg

206

207

208

209

20:

20;

3

8"cevkxkvkgu"ecug

Hki0 50 eqorctckuqp qh GDR xcnwgu qxgt xcnkfcvkqp uegpctkqu hqt vjg
fkhhgtgpv encuukÝgtu

cpf gcej xcnkfcvkqp uegpctkq0 Tguwnvu qp nghv rctv qh Ýiwtg
5 ujqy vjcv mPP dcugf encuukÝgt ku vjg qpg vjcv cejkgxgu dguv
rgthqtocpeg hqt gcej qh vjg eqpukfgtgf uegpctkq0 Jqygxgt vjku
tguwnv ujqwnf dg dcncpegf ykvj vjg hcev vjcv mPP ku cp kpuvcpeg
dcugf encuukÝgt cpf vjcv c nctig fcvcdcug ku wugf0 Kh vjg u{uvgo
ku ogcpv vq dg wugf kp tgcn nkhg cpf tgcn vkog eqpfkvkqp. vjg
tgswktgf eqorwvcvkqp rqygt kp wug vkog *qrrqugf vq ngctpkpi
vkog+ ku jgpeg owej oqtg korqtvcpv vjcp hqt qvjgt ogvjqfu
cpf oc{ dg rtqjkdkvkxg. kp rctvkewnct hqt godgffgf u{uvgou0
Vjg ugeqpf dguv encuukÝgt ku gkvjgt vjg Pckxg Dc{gukcp qt vjg

UXO qpg. fgrgpfkpi qp vjg ejqqugp uegpctkq0 Hqt DOK dcugf
oqfgnu. cxgtcig IFT xcnwg qh UXO encuukÝgt ku jkijgt vjcp
vjg Dc{gukcp qpg0 Kp qvjgt ecugu. Dc{gukcp dcugf encuukÝgt jcu
dgvvgt rgthqtocpeg0 CPP cpf NFC jcxg nqygt rgthqtocpeg
vjcp qvjgt encuukÝgtu0
4+ EncuukÝgt rgthqtocpeg gxcnwcvkqp qxgt xcnkfcvkqp ueg/

pctkqu< Vjgug rtgxkqwu tguwnvu ctg hwtvjgt cpcn{¦gf ykvj IFT
xcnwgu tgrctvkvkqp eqorctckuqp hqt gcej encuukÝgt cpf hqt gcej
xcnkfcvkqp uegpctkq0 Tguwnvu hqt NFC cpf CPP encuukÝgtu ctg
ujqyp qp vqr nghv rctv qh Ýiwtg 6 cpf eqpÝto vjcv vjgug
encuukÝgtu ctg pqv ygnn uwkvgf hqt vjku rtqdngo *cpf hqt vjg
ugngevgf hgcvwtg xgevqt+0 UXO encuukÝgt tguwnvu ctg qp vqr tkijv
rctv qh Ýiwtg 60 Kv ecp dg qdugtxgf vjcv hqt gcej xcnkfcvkqp
uegpctkq ugxgtcn tgcnkucvkqpu jcxg rqqt rgthqtocpeg *IFT
nqygt vjcp 50%+0
Vjg Dc{gukcp dcugf encuukÝgt *dqvvqo nghv rctv qh Ýiwtg 6+

jcu IFT xcnwgu tgrctvkvkqpu oqtg eqorcevu hqt cevkxkv{ cpf
ugzg dcugf oqfgnu0 Ykvj vjku mkpf qh rtkqt kphqtocvkqp. kv ku
rquukdng vq fgukip u{uvgo ykvj iqqf rgthqtocpeg cpf ykvj
vjg ucog dgjcxkqwt hqt gxgt{qpg0 Eqphwukqp ocvtkz *cxgtcigf

Guvkocvgf
N{kpi Ukvvkpi Uvcpfkpi Ycnmkpi

C
pp
qv
cv
gf N{kpi 3 2 2 2

Ukvvkpi 2025 2089 204; 2023
Uvcpfkpi 2 2024 20;4 2028
Ycnmkpi 2 2027 2 20;7

VCDNG KK
4 CEVKXKVKGU. EQPHWUKQP OCVTKZ HQT DC[GUKCP ENCUUKHKGT / CEVKXG

OGP

Guvkocvgf
N{kpi Ukvvkpi Uvcpfkpi Ycnmkpi

C
pp
qv
cv
gf N{kpi 20;7 2027 2 2

Ukvvkpi 2024 20;2 202: 2
Uvcpfkpi 2 203; 20:2 2023
Ycnmkpi 2 2 2 3

VCDNG KKK
4 CEVKXKVKGU. EQPHWUKQP OCVTKZ HQT MPP ENCUUKHKGT / WPKXGTUCN

OQFGN

qxgt wugt+ ku rtqxkfgf hqt vjg cevkxkv{ dcugf oqfgn uegpctkq.
hqt vjg cevkxg ecug qp vcdng KK0 Qvjgt ecugu *ugfgpvct{ ecug.
dwv cnuq ogpu cpf yqogpu ecug hqt ugzg dcugf xcnkfcvkqp
uegpctkq+ jcxg eqphwukqp ocvtkz ykvj vjg ucog v{rqnqi{. k0g0
eqphwukqpu ockpn{ qeewt yjgp vjg rgtuqp ku ukvvgf cpf fgvgevgf
cu uvcpfkpi0
Hkpcnn{ IFT tgrctvkvkqp xcnwgu hqt mPP encuukÝgtu ctg

ujqyp qp dqvvqo tkijv rctv qh Ýiwtg 60 Vjg wpkxgtucn oqfgn
uggou vq dg vjg oqtg crrtqrtkcvg0 Kv ku cnuq vjg qpg vjcv
tgswktgu vjg oquv eqorwvcvkqp tguuqwteg fwtkpi u{uvgo wvknkuc/
vkqp0 Ugzg qt cevkxkv{ dcugf oqfgnu oc{ cu ygnn dg wugf ykvj
ucog rgthqtocpeg vq tgfweg vjg eqorwvcvkqp vkog0 Eqphwukqp
ocvtkz hqt vjg wpkxgtucn ecug ku ujqyp qp vcdng KKK0 V{rqnqi{
ku fkhhgtgpv htqo vjg Dc{gukcp ecug ukpeg eqphwukqp ku owej
oqtg dcncpegf dgvyggp uvcpfkpi cpf ukvvkpi rqukvkqpu0

E0 Fgvgevkqp qh 6 rj{ukecn cevkxkvkgu< n{kpi. unqwejkpi. ukvvkpi.
uvcpfkpi. ycnmkpi cpf twppkpi

3+ EncuukÝgt eqorctckuqp rgt xcnkfcvkqp uegpctkq< Tguwnvu
qp tkijv rctv qh Ýiwtg 5 ctg xgt{ ukoknct vq vjg hqwt cevkxkvkgu
ecug< mPP tgockpu vjg encuukÝgt ykvj dguv rgthqtocpeg cpf
Pckxg Dc{gu ku vjg ejcnngpigt0 UXO jcu kp vjku eqpvgzv
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Hki0 60 4 cevkxkvkgu ecug < tgrctvkvkqp qh GDR xcnwgu qxgt xcnkfcvkqp uegpctkq

nqygt rgthqtocpeg vjcp Pckxg Dc{gu0 NFC cpf CPP dcugf
encuukÝgtu jcxg cickp nqyguv rgthqtocpeg0
4+ EncuukÝgt rgthqtocpeg gxcnwcvkqp qxgt xcnkfcvkqp ueg/

pctkqu< Tguwnvu hqt NFC cpf CPP encuukÝgtu ctg ujqyp qp
vqr nghv rctv qh Ýiwtg 7. UXO encuukÝgt qp vqr tkijv rctv qh
Ýiwtg 70 Vjgug encuukÝgtu jcxg xgt{ urtgcf IFT xcnwgu yjkej
kpfkecvg vjcv u{uvgou ctg xgt{ fgrgpfgpv vq rgtuqpu0
Pckxg Dc{gu encuukÝgt tguwnvu ctg qp dqvvqo nghv rctv qh

Ýiwtg 70 Dgecwug qh urtgcf tgrctvkvkqp qh IFT xcnwgu hqt oquv
uegpctkq. c wpkxgtucn oqfgn ecp dg wugf kp vjku eqpvgzv0 Cu hqt
vjg 4 cevkxkvkgu ecug. cevkxkv{ qt ugzg dcugf oqfgn ecp kortqxg
vjg u{uvgo rgthqtocpeg ykvj ukoknct tgrctvkvkqp dwv jkijgt
ogcp xcnwg0 Eqphwukqp ocvtkz hqt wpkxgtucn oqfgn ku ujqyp
qp vcdng KX *cevkxkv{ dcugf oqfgn eqphwukqp ocvtkegu jcxg
vjg ucog v{rqnqi{+0 Cu hqt vjg 4 cevkxkvkgu ecug. eqphwukqpu
qeewt yjgp vjg rgtuqp ku ukvvgf cpf fgvgevgf cu uvcpfkpi0 Uqog
gswknkdtcvgf eqphwukqpu cnuq qeewt dgvyggp ycnmkpi cpf cevkxg
ycnmkpi cevkxkvkgu0
Hkpcnn{ vjg mPP dcugf encuukÝgt *dqvvqo tkijv rctv qh Ýiwtg

7+ tgockpu vjg qpg ykvj dguv rgthqtocpeg0 Cevkxkv{ dcugf
oqfgnu ctg vjg qpg ykvj dguv rgthqtocpeg ykvj eqorcev
tgrctvkvkqp cpf ogcp xcnwg dgvyggp 80% *cevkxg rgqrng+ cpf
90% *ugfgpvct{ rgqrng+0 Eqphwukqp ocvtkz hqt wpkxgtucn oqfgn
ku ujqyp qp vcdng X *cevkxkv{ dcugf oqfgn eqphwukqp ocvtkegu
jcxg vjg ucog v{rqnqi{+0 Cu hqt vjg 4 cevkxkvkgu ecug. uqog
gswknkdtcvgf eqphwukqpu qeewt dgvyggp ukvvkpi cpf uvcpfkpi0
Jqygxgt oquv eqphwukqpu ctg yjgp rgtuqp ku rgthqtokpi
cevkxg ycnm. oquvn{ fgvgevgf cu ycnmkpi cevkxkv{0

F0 Eqorctckuqp qh 4 cpf 6 fgvgevgf rj{ukecn cevkxkvkgu rgt/
hqtocpeg
Hqt dqvj encuukÝgtu ykvj dguv rgthqtocpeg. k0g0 mPP cpf

Pckxg Dc{gu dcugf encuukÝgtu. korcev qh pwodgt qh cevkxkvkgu
vq guvkocvg qp IFT xcnwgu tgrctvkvkqp jcu dggp gxcnwcvgf qp
Ýiwtg 80
Hqt Pckxg Dc{gu dcugf encuukÝgt *nghv rctv qh Ýiwtg 8+. kh cp

wpkxgtucn oqfgn ku wugf. wukpi 6 cevkxkvkgu tcvjgt vjcp 4 kpfweg
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Pckxg Dc{gu mPP

Hki0 80 Rgthqtocpeg eqorctckuqp hqt 4 xgtuwu 6 cevkxkvkgu vq fgvgev

c nquv dgvyggp 5 vq 10% qh IFT etkvgtkqp0 Hqt cevkxkv{ dcugf
oqfgn. vjg nquv kp ogcp xcnwgu ctg uocnn dwv vjg xcnwgu ctg
oqtg urtgcf0 Jqygxgt vjgug tguwnvu ujqy vjcv hqt oquv rgtuqpu
c 6 cevkxkvkgu oqfgn ecp dg wugf ykvj iqqf rgthqtocpeg0 Hqt
vjg tgockpkpi qpgu. 4 cevkxkvkgu oqfgn ecp dg wugf0
Hqt mPP dcugf encuukÝgt *tkijv rctv qh Ýiwtg 8+. c ukoknct

nquu vq vjg Pckxg Dc{gu ecug ku qdugtxgf hqt vjg wpkxgtucn
oqfgn0 Wukpi 4 cevkxkvkgu kortqxg vjg rgthqtocpeg dwv c mPP
dcugf u{uvgo mggru iqqf rgthqtocpeg yjgp 6 cevkxkvkgu ctg
wugf0

XK0 EQPENWUKQP

Vyq eqpvtkdwvkqpu vq vjg rj{ukecn cevkxkv{ guvkocvkqp rtqd/
ngo jcxg dggp rtgugpvgf kp vjku rcrgt0 Vjg Ýtuv qpg ku c pqxgn
ogvjqf vq vcmg kpvq ceeqwpv rtkqt cuuworvkqp cdqwv vjg rj{u/
kecn cevkxkv{ vq gphqteg fgekukqp0 Dcugf qp vjg jkffgp Octmqx
oqfgnu vjgqtgvkecn htcogyqtm. vjku ogvjqf jcu dggp gzvgpfgf
vq 5 encuukÝgtu< Hkujgt nkpgct fkuetkokpcpv cpcn{uku. ctvkÝekcn
pgwtcn pgvyqtmu. uwrrqtv xgevqt ocejkpg. pckxg Dc{gu cpf m/
pgwtguv pgkijdqtu0 Ukowncvkqp tguwnvu ujqy vjcv itcrj dcugf
ogvjqfu kortqxg vjg u{uvgo IFT *enqug vq 5% qh kpetgcug+
kh ykvjqwv kv. encuukÝgtu cntgcf{ rtqxkfg iqqf fgvgevkqp tcvg
jkijgt vjcp 75%0
Vjg ugeqpf eqpvtkdwvkqp ku c eqorngvg xcnkfcvkqp qh vjg

rtqrqugf ogvjqf vq ugv wr fckn{ nkhg oqpkvqtkpi u{uvgou0
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Hki0 70 6 cevkxkvkgu ecug < tgrctvkvkqp qh GDR xcnwgu qxgt xcnkfcvkqp uegpctkq

Guvkocvgf
N{kpi Unqwejkpi Ukvvkpi Uvcpfkpi Ycnmkpi Cevkxg ycnmkpi

C
pp
qv
cv
gf

N{kpi 20;5 2029 202 2 2 2
Unqwejkpi 2027 20;5 2024 2 2 2
Ukvvkpi 2 2025 208; 204: 2 2
Uvcpfkpi 2 2 202; 20:9 2024 2
Ycnmkpi 2 2 2 2 2095 2049

Cevkxg ycnmkpi 2 2 2 2028 2053 2085

VCDNG KX
6 CEVKXKVKGU. EQPHWUKQP OCVTKZ HQT DC[GUKCP ENCUUKHKGT / WPKXGTUCN OQFGN

Guvkocvgf
N{kpi Unqwejkpi Ukvvkpi Uvcpfkpi Ycnmkpi Cevkxg ycnmkpi

C
pp
qv
cv
gf

N{kpi 20;7 2027 2 2 2 2
Unqwejkpi 2033 2099 2034 2 2 2
Ukvvkpi 2 2024 20:: 2032 2 2
Uvcpfkpi 2 2 203; 20:2 2023 2
Ycnmkpi 2 2 2 2 20;: 2024

Cevkxg ycnmkpi 2 2 2 202 20:8 2036

VCDNG X
6 CEVKXKVKGU. EQPHWUKQP OCVTKZ HQT MPP ENCUUKHKGT / WPKXGTUCN OQFGN

Ugxgtcn uegpctkq jcxg dggp eqpukfgtgf vq gxcnwcvg korcev
qp vjg u{uvgo rgthqtocpeg qh vjg pwodgt qh cevkxkvkgu vq
fgvgev. vjg wug qh rtkqt kphqtocvkqp cdqwv vjg wugt cpf vjg
encuukÝgt ejqkeg0 Tguwnvu ujqy vjcv hqt vjg eqpukfgtgf cevkxkvkgu
cpf hgcvwtgu xgevqt. mPP cpf Pckxg Dc{gu dcugf encuukÝgtu
qwvrgthqto vjg qvjgt qpgu0 mPP ujqy dguv rgthqtocpeg dwv
tgswktgu owej oqtg eqorwvcvkqp vkog fwtkpi fgvgevkqp vjcp
vjg Pckxg Dc{gu cniqtkvjo cpf oc{ pqv dg ygnn uwkvgf kp uqog
crrnkecvkqpu uwej cu godgffgf qpgu0 Kh cxckncdng. kphqtocvkqp
cdqwv wugt cevkxkv{ *cevkxg qt ugfgpvct{+ ujqwnf dg wugf vq
kortqxg vjg u{uvgo rgthqtocpeg cpf 6 cevkxkvkgu ecp dg
fgvgevgf ykvj xgt{ iqqf fgvgevkqp tcvg hqt oquv rgtuqpu *ogcp
xcnwgu jkijgt vjcp 80% hqt dqvj encuukÝgtu+0 Kp vjku ecug.
ockp eqphwukqpu ctg dgvyggp ukvvkpi *uvtckijv+ cpf uvcpfkpi
cpf dgvyggp ycnmkpi cpf cevkxg ycnmkpi0

TGHGTGPEGU

]3_ M0 Cokpkcp cpf D0 PclcÝ. ÐEcrvwtkpi jwocp oqvkqp wukpi dqf{/Ýzgf
ugpuqtu< Qwvfqqt ogcuwtgogpv cpf enkpkecn crrnkecvkqpu.Ñ Eqorwvgt
Cpkocvkqp cpf Xktvwcn Yqtnfu. xqn0 37. pq0 4. rr0 9;Î;6. 42260

]4_ C0 M0 ¥klunvtc y. ÐOqdknkv{ cuuguuogpv kp qnfgt rgqrng= pgy rquukdknkvkgu
cpf ejcnngpigu.Ñ Gwtqrgcp Lqwtpcn qh Cigkpi. xqn0 6. rr0 5Î34. 42290

]5_ D0 Ckpuyqtvj. F0 Lceqdu. cpf C0 Ngqp. ÐXcnkfkv{ cpf tgnkcdknkv{ qh ugnh/
tgrqtvgf rj{ukecn cevkxkv{ uvcvwu< vjg nkrkf tgugctej enkpkeu swguvkqppcktg0Ñ
Ogfkekpg cpf uekgpeg kp urqtvu cpf gzgtekug. 3;;50

]6_ E0 Tkffqej. E0 Ocvvqemu. M0 Fggtg. L0 Ucwpfgtu. L0 Mktmd{. M0 Vknnkpi.
U0 Ngct{. U0 Dnckt. cpf C0 Pguu. ÐQdlgevkxg ogcuwtgogpv qh ngxgnu cpf
rcvvgtpu qh rj{ukecn cevkxkv{.Ñ Ejknf< Ectg. Jgcnvj cpf Fgxgnqrogpv.
xqn0 56. pq0 4. rr0 49;Î4:2. 422:0

]7_ U0 Rtggeg. L0 Iqwngtocu. N0 Mgppg{. cpf F0 Jqyctf. ÐC eqorctkuqp qh
hgcvwtg gzvtcevkqp ogvjqfu hqt vjg encuukÝecvkqp qh f{pcoke cevkxkvkgu
htqo ceegngtqogvgt fcvc.Ñ Dkqogfkecn Gpikpggtkpi. KGGG Vtcpucevkqpu
qp. xqn0 78. pq0 5. rr0 :93 Î:9;. octej 422;0

]8_ D0 Jw{ijg. L0 Fqwvtgnqkipg. cpf L0 XcpÞgvgtgp. Ð5F qtkgpvcvkqp vtcemkpi
dcugf qp wpuegpvgf mcnocp Ýnvgtkpi qh ceegngtqogvgt cpf ocipgvqogvgt
fcvc.Ñ KGGG Ugpuqtu Crrnkecvkqpu U{orqukwo. 422;0



;

]9_ J0 Nwkpig. R0 Xgnvkpm. cpf E0 Dcvgp. ÐGuvkocvkqp qh qtkgpvcvkqp ykvj i{/
tqueqrgu cpf ceegngtqogvgtu.Ñ Rtqeggfkpiu qh vjg 3uv lqkpv DOGU1GODU
Eqphgtgpeg. 3;;;0

]:_ D0 Mgor. C0 L0 O0 Y0 Lcpuugp. cpf D0 xcp fgt Mcor. ÐDqf{ rqukvkqp
ecp dg oqpkvqtgf kp 5f wukpi okpkcvwtg ceegngtqogvgtu cpf gctvj/
ocipgvke Ýgnf ugpuqtu.Ñ Gngevtqgpegrjcnqitcrj{ cpf Enkpkecn Pgwtq/
rj{ukqnqi{1Gngevtqo{qitcrj{ cpf Oqvqt Eqpvtqn. xqn0 32;. 3;;:0

];_ J0 Nwkpig cpf R0 Xgnvkpm. ÐKpenkpcvkqp ogcuwtgogpv qh jwocp oqxgogpv
wukpi c 5/F ceegngtqogvgt ykvj cwvqecnkdtcvkqp.Ñ KGGG Vtcpucevkqpu qp
Pgwtcn U{uvgou cpf Tgjcdknkvcvkqp Gpikpggtkpi. xqn0 34. pq0 3. 42260

]32_ U0 Dqppgv cpf T0 JŁgnkqv. ÐC ocipgvqogvgt/dcugf crrtqcej hqt uvwf{kpi
jwocp oqxgogpvu.Ñ KGGG Vtcpucevkqpu qp Dkqogfkecn Gpikpggtkpi. xqn0
Lwn. 42290

]33_ J0 Fglpcdcfk. D0 O0 Lqnngu. cpf M0 Cokpkcp. ÐC pgy crrtqcej vq
ceewtcvg ogcuwtgogpv qh wpkczkcn lqkpv cpingu dcugf qp c eqodkpcvkqp
qh ceegngtqogvgtu cpf i{tqueqrgu.Ñ KGGG Vtcpucevkqpu qp Dkqogfkecn
Gpikpggtkpi. xqn0 74. pq0 :. rr0 369:Î36:6. 42270

]34_ T0 ¥jw cpf ¥0 ¥jqw. ÐC tgcn/vkog ctvkewncvgf jwocp oqvkqp vtcemkpi
wukpi vtk/czku kpvgtvkcn1ocipgvke ugpuqtu rcemcig.Ñ KGGG Vtcpucevkqpu qp
Pgwtcn U{uvgou cpf Tgjcdknkvcvkqp Gpikpggtkpi. xqn0 34. pq0 34. 42260

]35_ O0 Ocvjkg. D0 E0 DI. P0 Nqxgnn. cpf C0 Equvgt. ÐEncuukÝecvkqp qh dcuke
fckn{ oqxgogpvu wukpi c vtkczkcn ceegngtqogvgt0Ñ Ogf Dkqn Gpi Eqorwv0.
42260

]36_ O0 Ocvjkg. C0 Equvgt. P0 Nqxgnn. cpf D0 Egnngt. ÐCeegngtqogvt{< Rtqxkf/
kpi cp kpvgitcvgf. rtcevkecn ogvjqf hqt nqpi/vgto. codwncvqt{ oqpkvqtkpi
qh jwocp oqxgogpv.Ñ Rj{ukqnqikecn Ogcuwtgogpv. xqn0 47. pq0 4. rr0
T3ÎT42. 42260

]37_ ÏÏ. ÐFgvgevkqp qh fckn{ rj{ukecn cevkxkvkgu wukpi c vtkczkcn ceegngtqo/
gvgt0 4225.Ñ Ogf Dkqn Gpi Eqorwv0. 42250

]38_ L0 Rctmmc. O0 Gtogu. R0 Mqtrkrcc. L0 Ocpv{lctxk. L0 Rgnvqnc. cpf K0 Mqtjq/
pgp. ÐCevkxkv{ encuukÝecvkqp wukpi tgcnkuvke fcvc htqo ygctcdng ugpuqtu.Ñ
KGGG Vtcpucevkqpu qp Kphqtocvkqp Vgejpqnqi{ kp Dkqogfkekpg. xqn0 32.
pq0 3. rr0 33; Î34:. lcp0 42280

]39_ M0 Cokpkcp cpf cn0. ÐRj{ukecn cevkxkv{ oqpkvqtkpi dcugf qp ceegngtqo/
gvt{< xcnkfcvkqp cpf eqorctkuqp ykvj xkfgq qdugtxcvkqp.Ñ Ogfkecn (
Dkqnqikecn Gpikpggtkpi ( Eqorwvkpi. 3;;;0

]3:_ Q0 V0 Mgtgo Cnvwp. Dknnwt Dctujcp. ÐEqorctcvkxg uvwf{ qp encuukh{kpi
jwocp cevkxkvkgu ykvj okpkcvwtg kpgtvkcn cpf ocipgvke ugpuqtu.Ñ Rcvvgtp
Tgeqipkvkqp. 42320

]3;_ U0 L0 Rtggeg. L0 [0 Iqwngtocu. N0 R0 L0 Mgppg{. F0 Jqyctf. M0 Ogklgt.
cpf T0 Etqorvqp. ÐCevkxkv{ kfgpvkÝecvkqp wukpi dqf{/oqwpvgf ugpuqtu< c
tgxkgy qh encuukÝecvkqp vgejpkswgu.Ñ Rj{ukqnqikecn Ogcuwtgogpv. xqn0 52.
pq0 6. r0 T3. 422;0

]42_ C0 Ygdd. Uvcvkuvkecn rcvvgtp tgeqipkvkqp0 Lqjp Ykng{ ( Uqpu. 42240
]43_ E0 Dkujqr. Pgwtcn pgvyqtmu hqt rcvvgtp tgeqipkvkqp0 Qzhqtf Wpkxgtukv{

Rtguu. 3;;;0
]44_ U0 Jc{mkp. Pgwtcn pgvyqtmu< c eqortgjgpukxg hqwpfcvkqp0 Gpingyqqf

enkhhu. 3;;;0
]45_ X0 Xcrpkm. Uvcvkuvkecn Ngctpkpi Vjgqt{. Ykng{/Kpvgtuekgpeg. Gf0. 3;;:0
]46_ T0 C0 Hkujgt. ÐVjg wug qh ownvkrng ogcuwtgogpvu kp vczqpqoke rtqd/

ngou.Ñ Cppcnu qh Gwigpkeu. 3;580
]47_ N0 Dcq cpf U0 U0 Kpvknng. ÐCevkxkv{ tgeqipkvkqp htqo wugt/cppqvcvgf

ceegngtcvkqp fcvc.Ñ Rgtxcukxg eqorwvkpi. 42260
]48_ H0 Hqgtuvgt cpf L0 Hcjtgpdgti. ÐOqvkqp rcvvgtp cpf rquvwtg< Eqttgevn{

cuuguugf d{ ecnkdtcvgf ceegngtqog v g t u.Ñ Dgjcxkqt Tgugctej Ogvjqfu.
Kpuvtwogpvu. ( Eqorwvgtu. 42220

]49_ L0 D0 L0 Dwuuocpp. Y0 N0 L0 Octvgpu. L0 J0 O0 Vwngp. H0 E0 Uejcuhqqtv.
cpf J0 L0 I0 xcp fgp Dgti/Goqpu. ÐOgcuwtkpi fckn{ dgjcxkqt wukpi
codwncvqt{ ceegngtqogvt{< Vjg cevkxkv{ oqpkvqt.Ñ Dgjcxkqt tgugctej
ogvjqfu. 42230

]4:_ V0 Ejcw. ÐC tgxkgy qh cpcn{vkecn vgejpkswgu hqt ickv fcvc< rctv 40 pgwtcn
pgvyqtmu cpf ycxgngvu ogvjqfu0Ñ Ickv ( Rquvwtgu. 42230

]4;_ M0 ¥jcpic. O0 Uwpe. F0 M0 Nguvgte. H0 Z0 Rk/Uwp{gtc. E0 P0 Dqq¦gtc.
cpf T0 Y0 Nqpiocpf. ÐCuuguuogpv qh jwocp nqeqoqvkqp d{ wukpi cp
kpuqng ogcuwtgogpv u{uvgo cpf ctvkÝekcn pgwtcn pgvyqtmu.Ñ Lqwtpcn qh
Dkqogejcpkeu. 42270

]52_ V0 Jw{pj cpf D0 Uejkgn. ÐVqyctfu nguu uwrgtxkukqp kp cevkxkv{ tgeqipkvkqp
htqo ygctcdng ugpuqtu.Ñ kp 32vj KGGG Kpvgtpcvkqpcn U{orqukwo qp
ygctcdng eqorwvgtu. 42280

]53_ C0 Mtcwug. O0 Kjoki. G0 Tcpmkp. F0 Ngqpi. U0 Iwrvc. F0 Ukgykqtgm.
C0 Uockncike. O0 Fgkujgt. cpf W0 Ugpiwrvc. ÐVtcfkpi qhh rtgfkevkqp ce/
ewtce{ cpf rqygt eqpuworvkqp hqt eqpvgzv/cyctg ygctcdng eqorwvkpi.Ñ
kp KGGG Kpvgtpcvkqpcn U{orqukwo qp Ygctcdng Eqorwvgtu. 4227. rr0
42Î480

]54_ H0 T0 Cnngp. G0 Codkmcktclcj. P0 J0 Nqxgnn. cpf D0 I0 Egnngt. ÐEncuukÝ/
ecvkqp qh c mpqyp ugswgpeg qh oqvkqpu cpf rquvwtgu htqo ceegngtqogvt{

fcvc wukpi cfcrvgf icwuukcp okzvwtg oqfgnu.Ñ Rj{ukqnqikecn Ogcuwtg/
ogpv. xqn0 49. rr0 ;57Î;73*39+. Qevqdgt 42280

]55_ W0 Ocwtgt. C0 Tqyg. C0 Uockncike. cpf F0 Ukgykqtgm. ÐNqecvkqp cpf
cevkxkv{ tgeqipkvkqp wukpi gycvej< C ygctcdng ugpuqt rncvhqto.Ñ Codkgpv
kpvgnnkigpeg kp gxgt{fc{ nkhg. 42280

]56_ P0 Tcxk. F0 Pkmjkn. R0 O{uqtg. cpf O0 N0 Nkvvocp. ÐCevkxkv{ tgeqipkvkqp
htqo ceegngtqogvgt fcvc.Ñ kp 9vj Eqphgtgpeg qp Kppqxcvkxg Crrnkecvkqpu
qh CtvkÝekcn Kpvgnnkigpeg. 42270

]57_ Y0 Yw. C0 Dwk. O0 Dcvcnkp. F0 Nkw. cpf Y0 Mckugt. ÐKpetgogpvcn fkcipq/
uku ogvjqf hqt kpvgnnkigpv ygctcdng ugpuqt u{uvgou.Ñ KGGG Vtcpucevkqpu
qp Kphqtocvkqp Vgejpqnqi{ kp Dkqogfkekpg. xqn0 33. pq0 7. rr0 775 Î784.
ugrv0 42290

]58_ N0 Tcdkpgt. ÐC vwvqtkcn qp jkffgp octmqx oqfgnu cpf ugngevgf crrnk/
ecvkqpu kpurggej tgeqipkvkqp.Ñ Rtqeggfkpiu qh vjg KGGG. xqn0 99. pq0 4.
3;:;0

]59_ R0 Lcnnqp. ÐC itcrj dcugf cniqtkvjo hqt rquvwfg guvkocvkqp dcugf qp
ceegngtqogvgtu fcvc.Ñ kp GODE. 42320

]5:_ R0 Lcnnqp cpf cn. ÐC itcrj dcugf ogvjqf hqt vkogf wr ( iq vguv
swcnkÝecvkqp wukpi kpgtvkcn ugpuqtu.Ñ kp KECUUR. 42330
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s u m m a r y

Background&aims: An acetate recovery factor (ARF) is utilized to correct tracer-derived fat oxidation

when 13C is used. We showed that when 13C labelled fatty acid are given orally, dietary fat oxidation can

be accurately corrected by using an averaged dietary ARF (dARF) derived from 56 lean healthy subjects,

instead of individual dARF. The extent to which this factor is valid in overweight insulin resistant subjects

is unknown.

Methods: [1-13C]dARF and [1-13C]fatty acid recoveries were assessed before and after physical activity/

inactivity interventions in overweight insulin-resistant (n ¼ 11) and lean subjects (n ¼ 70) in five studies

herein compiled.

Results: Overweight dARF was lower compared to lean subjects (45.3 � 1.5% vs. 50.6 � 0.6%; P ¼ 0.002).

Physical activity intervention did not impact dARF. dARF correlated negatively with %body fat (r2 ¼ 0.10;

P ¼ 0.005) and fasting insulin to glucose ratio (r2 ¼ 0.08; P ¼ 0.02). Applying the lean average [1-13C]

dARF induced an 11.5% (P ¼ 0.006) average error in fatty acid oxidation rate.

Conclusions: Overweight insulin resistant subjects have lower dARF than lean individuals. An average

dARF derived from lean subjects cannot be applied in overweight subjects to calculate dietary fat

oxidation. We recommend that individual dARF are measured in subjects with metabolic disorders.

� 2010 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights

reserved.

1. Introduction

The acetate recovery factor (ARF) was proposed to correct

tracer-derived (13C)-fat oxidation for the loss of label to seques-

tration within the bicarbonate pool and small metabolites that

exchange with the tricarboxylic acid cycle intermediates (TCA

cycle).1e3 This correction can be cumbersome and costly as it

requires two separate tests performed under identical conditions:

one test with labelled acetate and another test with labelled fatty

acid,4 unless radio-labelled acetate can be used along with the

stable isotope labelled fatty acid. Given these concerns, there has

been interest in the use of a constant ARF under different study

conditions and for subjects with different metabolic conditions.

After compiling data on 69 subjects, Schrauwen et al.4 found

that the infused ARF (iARF) is not constant between subjects. At

rest, 37% of the variance of (iARF) was accounted for by resting

metabolic rate (RMR) adjusted for fat free mass (FFM), percentage

body fat and fasting non-protein respiratory quotient (NPRQ). This

increased to 69% during exercise. Although iARF was reproducible

within individuals, the authors concluded that it should be

measured in every subject because of the between individual

variance. Under oral administration conditions, the dietary acetate

recovery factor (dARF) measured in lean subjects presented similar

inter-individual CV (10.6%)5 as was reported for iARF (12.0%),4

however, no major anthropological or physiological determinants

for dARF were observed. This difference between infused and oral

ARF may be due to a buffering effect of the digestion processes and/

or a longer post-dose measurement period, both reducing inter-

Abbreviations: dARF, dietary acetate recovery factor; iARF, infused acetate

recovery factor; RMR, resting metabolic rate; NPRQ, fasting non-protein respiratory

quotient; FM, fat mass; LIPOX, lipid oxidation study.
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individual differences. These conclusions were not affected by

chronic interventions on physical activity. We further showed that

using individual dARF, or an average dARF of 51% derived from 56

healthy lean men and women, did not affect the variability of the

derived dietary fatty acid oxidation rates. Contrary to the iARF,

individually measured dARF values, therefore, did not seem

required Bergouignan et al.5

Metabolic disorders appeared to further affect ARF. In fasting

conditions and after controlled diet 3 days prior the tests, Schrau-

wen et al.4 showed that after 1 h of cycling exercise at 40e50% of

maximal oxygen uptake, iARF was lower in obese diabetic (59.2 �

2.1%) and obese (69.9 � 1.7%) subjects than in lean (78.5 � 2.1%)

subjects. Conversely no difference was noted at rest.4 These find-

ings were interpreted, in a recent re-evaluating study by Schrau-

wen et al.6 as a reduction in TCA cycle flux, reflecting mitochondrial

dysfunction in obese type 2 diabetes mellitus patients. This

emphasizes that special attention should be placed on iARF when

measuring plasma-fatty acid oxidation. So far, whether or not dARF

differs between lean and overweight insulin resistant subjects, has

not been investigated yet.

In thepresent studywecombineddata fromfiveofour studies and

included data from 11 overweight insulin resistant and 70 lean

subjects to determine 1) whether dARF differed between lean and

overweight individuals and, if any, to investigate the factors that

might explain such difference 2) whether an average dARF can be

applied to correct dietary fatty acid oxidation in overweight subjects,

and 3) the effect of twomonths of exercise training at 50%VO2maxon

dARF realized by overweight subjects four times per week.

2. Materials and methods

2.1. Study design

We compiled dARF data from five studies performed in our

laboratories: Votruba et al.,7 Votruba et al.,8 which were performed

at the University of Wisconsin-Madison (US) and Bergouignan

et al.,9 Bergouignan et al.,10 and the Strasbourg Lipid Oxidation

study (LIPOX) which was performed in France. Votruba et al.7 was

a study designed to validate deuterium-labelled fatty acids for the

measurement of dietary fat oxidation in five lean women and two

lean men at rest. The second Votruba et al.8 study investigated the

effect of prior acute exercise (85% of VO2 peak) on dietary fat utili-

zation from seven lean women. Bergouignan et al.9 and Bergoui-

gnan et al.10 were longitudinal studies aimed at determining the

effect of chronic physical inactivity interventions (2 and 3 months

of bed rest, respectively), with and without physical exercise

countermeasures, on dietary lipid oxidation. Details on the exercise

countermeasures can be found elsewhere.9,10 The LIPOX study was

completed in 2009. It investigated the effect of exercise training in

sedentary lean and overweight men and the effect of detraining in

lean active men on dietary lipid partitioning and took place at the

University Hospital of Strasbourg (France). The inclusion criterions

in LIPOX study was a body mass index (BMI) of 27 � BMI � 35 kg/

m2 and a BMI of 20 � BMI � 25 kg/m2 for overweight and lean

subjects respectively and the habitual physical activity assessed

from their physical activity level (PAL) defined as the ratio of total

energy expenditure to resting metabolic rate (RMR).11 Exercise

training for lean and overweight men was conducted in sedentary

subjects with an estimated PAL� 1.5. Detraining was performed on

trained subjects with a estimated PAL � 1.7.12 Usual PAL was

assessed using MOSPA-Q questionnaire, whose validity and reli-

ability has been reported elsewhere.13 Physical activity was further

confirmed by a triaxial accelerometer device14 (RT3, Stayhealthy,

Monrovia, CA, USA) and a combined heart rate andmotion sensor15

(Actiheart, Cambridge Neurotechnology Ltd). Detraining consisted

of 1 mo of voluntary reduction in structured and spontaneous

physical activities. Aerobic training consisted of four 60-min

sessions per week at 50% VO2 peak. The peak oxygen uptake VO2 peak

was determined by means of incremental exercise test16 to

exhaustion performed in an upright position on an electronically

braked cycle ergometer (Medifit 1000S, Belgium). LIPOX was

approved by the Institutional Review Board of Alsace I (France). For

all but the validation studies, dietary acetate and lipids recoveries

were measured before and after the intervention on physical

activities.

2.2. Subjects

Data from 70 lean participants (28 women and 42 men) and 11

overweight menwere compiled. Of these, 68 subjects were studied

before and after physical activity interventions. From these five

studies, we collected the following parameters: body weight and

composition, height, RMR, VO2 peak, and NPRQ. Fasting insulin and

glucose were also measured in all but the Votruba’s et al. studies.7,8

The initial subject characteristics are shown in Table 1. Some data

are missing because of differences in the protocols objectives.

2.3. Acetate recovery factor and dietary fatty acid oxidation

protocols

dARF and the dietary fatty acid oxidation were measured in

similar experimental protocols (Table 2) in all studies included here

and have been described in details elsewhere.7e10 Thirty-six hours

before the test, all subjects were asked not to participate in any

structured physical activities and were provided with standardized

microwaveable meals at breakfast, lunch, and dinner. After an

overnight fast, the subjects were weighed, and baseline breath and

urine samples were collected. RMR, NPRQ and VCO2 were

measured for 1 h by indirect calorimetry using a Deltatrac meta-

bolic cart (Deltatrac II; GE) (LIPOX and Bergouignan et al.9,10

studies) or a room calorimeter (respiratory chamber of the

University ofWisconsin-General Clinical Research Center) (Votruba

et al. studies7,8) and then hourly throughout the test. Afterwards,

a standard breakfast was provided to the participants, which

included a homogenized liquid meal labelled with one of the

following: 2mg/kg (lean subjects) or 3mg/kg (overweight subjects)

[1-13C]acetate [>99% enriched; Cambridge Isotope Laboratories

(CIL), Andover, MA], 10 mg/kg or 15 mg/kg (LIPOX study) [1-13C]

oleate (>99% enriched; CIL), or 10 mg/kg [1-13C]palmitate (>98%

enriched; CIL), depending on the test day and the study. Breath

samples were collected before the meal, every 30 min for the first 2

h, and then hourly for 7e10 h after the meal according to the study.

Tests were performed in exact similar experimental conditions in

the lean and overweight individuals.

2.4. Body composition

Body composition was assessed by the H2
18O isotope dilution

method, as routinely used in our laboratories, in the Votruba et al.,7

Votruba et al.8 and LIPOX study and by dual energy X-ray absorp-

tiometry (DXA, QDR 4500 W scanner using the version software

11.2, Hologic France) for the Bergouignan et al.9 and Bergouignan

et al.10 bed rests. During the bed rests, we observed good agreement

between isotope dilution and DXA. FFM measured by 2H and 18O

dilutions indeed agreed within 2.5 � 2.6% with FFM measured by

DXA (y ¼ 1.025�, R2 ¼ 0.95, p < 0.0001 with a non significant

intercept of �0.3 kg removed from the equation).
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2.5. Sample analysis

The details on the isotope ratio mass spectrometry analyses can

be found in previous studies from our laboratories.7,8 Briefly, the

ratio of 13CO2 to 12CO2 in breath from the Votruba et al.7 and

Votruba et al.8 studies was measured and analyzed in triplicates on

a Delta-S isotope ratio mass spectrometer (Finnigan MAT, San Jose,

CA) using a continuous flow inlet system developed at the

Department of Nutritional Sciences at the University of Wisconsin-

Madison.17 For LIPOX and the two bed rest studies, a continuous

flow system connected to GV Instruments Isoprime was used. The
18O enrichments in urinary water were measured by CO2 equili-

bration in quadruplicates in a continuous-flow isotope ratio mass

spectrometer consisting of the above-cited Finnigan MAT Delta-S

[Votruba et al.7 and Votruba et al.8]. For the Bergouignan et al.10 and

LIPOX studies, H2
18Owas reduced to CO by carbon reduction at 1400

�C in an elemental analyzer (Flash HT; ThermoFisher Germany)

coupled to a Delta-V isotope ratio mass spectrometer in Strasbourg,

and isotopic abundances were measured in quintuplicate. All

enrichments were expressed against International Atomic Energy

Agency standards.

2.6. Calculations

Recoveries of [1-13C]acetate, [1-13C]oleic acid, or [1-13C]palmitic

acid were calculated as the instantaneous recovery of 13C in expired

CO2 per hour, expressed as a percentage of the dose and as previ-

ously described.7e10 Cumulative recovery was calculated using the

trapezoid rule. Cumulated acetate recoveries were further

extrapolated to infinity.7e10 Corrected fatty acid oxidation rates

were calculated by dividing the cumulated fatty acid recovery by

the cumulated acetate recovery extrapolated to infinity times 100.

2.7. Data organization and statistical analysis

We first considered the results from the subjects in resting

conditions, i.e., the control (rest) tests from all the studies. A one

way ANOVA was used on the studies focusing on lean subjects to

test whether the dARF differs according to sex and study. Since no

differences in dARF were noted between studies (F¼ 0.18, P¼ 0.94)

and between sex (F ¼ 0.02, P ¼ 0.89), we combined data from all

lean subjects. During all the following analyses, two groups were

accordingly compared: lean subjects and LIPOX overweight

subjects. First, the kinetics of the instantaneous and cumulative

acetate percentage recoveries were analyzed by a MANOVA with

time as repeated measurement, subject as random effect and group

(overweight vs. lean) as main effect. The between subject CV was

calculated for each group. A t-test was used to test if dARF differed

between overweight and lean subjects and simple linear regression

analyses performed on all lean and overweight subjects were used

to test if physiological determinants explain the inter-individual

variability of dARF among subjects. We then investigated the

influence of different methods to calculate the dARF on final fatty

acid oxidation rates in the overweight group, as previously done in

lean subjects.5 The objective was to study the variability in esti-

mated dietary fat oxidation when individual, overweight subjects’

mean or lean subjects’ mean dARFs which was similar to that found

by Bergouignan et al.5were used. The corresponding corrected fatty

Table 2

Procedure description of the studies.

Fasting

duration

Rest during

procedure

Nutrition Total

duration

Prior days conditions

Lipox Overnight fast Quietly in bed rest

position

Labelled acetate in breakfast at time 0,

lunch at time 4- hour post-dose.

8 h 3 Days of standarized meals with

no structured physical activity for 36 h

Bergouignan9 Overnight fast Quietly in bed rest

position

Labelled acetate in breakfast at time 0,

lunch at time 5- hours post-dose.

7 h 3 Days of standarized meals with no

structured physical activity for 36 h

Bergouignan10 Overnight fast Quietly in bed rest

position

Labelled acetate in breakfast at time 0,

lunch at time 5- hour post-dose.

10 h 3 Days of standarized meals with no

structured physical activity for 36 h

Votruba7 Overnight fast Quietly sitting

upright

Labelled acetate in breakfast at time 0,

lunch at time 4- hour post-dose.

8 h 2 Days of standarized meals with no

structured physical activity

Votruba8 Overnight fast Quietly sitting

upright

Labelled acetate in breakfast at time 0,

lunch at time 4- hour post-dose.

10 h 2 days of standarized meals with no

structured physical activity

Table 1

Characteristics of the participants of each study.

Votruba

et al.,8
Votruba et al.,7 Bergouignan

et al.9
Bergouignan

et al.10
LIPOX

lean subjects

LIPOX overweight

subjects

All Studies lean subjects

F F M M F M M F M

n 7 5 2 15 16 25 11 28 42

Age, yr 23 � 3 25 � 3 30 � 7 32 � 4 34 � 4 26 � 7 30 � 6 29 � 6 29 � 7

BMI 21.4 � 1.7 22.6 � 0.9 26.1 � 0.1 23.4 � 1.6 21.5 � 1.3 22.5 � 1.7 30.1 � 1.7 21.7 � 1.4 23.0 � 1.8

Body mass, kg 61.1 � 5.5 59.2 � 4.2 85.1 � 6.4 71.0 � 5.9 57.0 � 5.4 73.1 � 8.5 99.0 � 9.2 58.4 � 5.4 73.0 � 8.0

Fat mass

kg 10.9 � 3.0 12.4 � 2.9 19.4 � 2.9 12.4 � 3.6 14.7 � 3.3 14.9 � 5.6 31.3 � 5.5 13.3 � 3.5 14.2 � 5.0

% 17.9 � 4.9 21.3 � 6.2 22.8 � 1.6 17.3 � 4.1 25.7 � 5.1 19.8 � 6.1 31.5 � 3.6 22.9 � 6.1 19.0 � 5.4

Fat free mass, kg 50.2 � 5.7 46.8 � 7 65.6 � 3.6 58.6 � 4.2 42.3 � 4.7 59.0 � 6.4 67.6 � 5.5 45.1 � 6.2 59.2 � 5.7

RMR, MJ/d 6.6 � 0.5 5.8 � 0.5 7.9 � 0.1 6.4 � 0.4 6.0 � 0.5 6.5 � 0.5 7.5 � 0.7 6.1 � 0.6 6.5 � 0.5

VO2 peak

l/min 2.3 � 0.2 3.0 � 0.3 2.0 � 0.4 3.3 � 0.6 3.1 � 0.6 2.1 � 0.4 3.2 � 0.5

ml kg�1 min�1 37.5 � 2.3 42.5 � 4.5 34.8 � 6.1 44.6 � 7.1 31.4 � 4.6 35.6 � 5.3 43.8 � 6.2

NPRQ 0.877 � 0.018 0.879 � 0.057 0.747 � 0.037 0.868 � 0.041 0.892 � 0.024 0.787 � 0.069 0.872 � 0.047

Fasting Insulin mU/l 3.3 � 1.3 4.5 � 1.3 4.4 � 1.8 10.5 � 3.8 4.5 � 1.3 3.9 � 1.6

Fasting Insulin/glucose 3.9 � 1.4 5.3 � 1.6 5.2 � 2.1 11.7 � 4.7 5.3 � 1.6 4.6 � 1.9
13C-dARF 51.8 � 7.3 51.6 � 6.6 50.3 � 6.4 50.4 � 6.1 49.9 � 2.5 50.6 � 5.2 45.3 � 5 50.7 � 4.7 50.5 � 5.4

Values are means � SD. LIPOX, Lipid Oxidation study; F, females; M, males; BMI, body mass index; RMR, resting metabolic rate; VO2peak, peak oxygen consumption; NPRQ,

non-protein respiratory quotient.
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acid oxidation rates were identified as 13C-FAOVERWEIGHT,
13C-FAO-

VERWEIGHTmean and 13C-FALEANmean respectively. The differences in

calculated oxidation rates were compared using repeatedmeasures

ANOVA followed by the Bonferroni post hoc test.

In a third analysis, we determined the effect of physical activity

interventions on the dARF and on the estimated dietary lipid

oxidation rates. The analyses included subjects from Bergouignan

et al.,9 Bergouignan et al.,10 LIPOX and Votruba et al.8 studies.

Dietary lipid percentage recoveries corrected by individual dARF

were not available for the Votruba et al.8 study after physical

activity intervention. The effect of the physical activity intervention

between groups was determined by a multiple analysis of variance

(MANOVA) with time as repeated measure (before vs. after inter-

vention), subject as random effects and group (overweight vs. lean)

as main effect and by paired t-test within the same group. Because

we did not observe an effect of the physical activity modifications

on the dARF (t ¼ 0.40; P ¼ 0.70) in overweight subjects, we

calculated the within-subject CV in the overweight group.

All data are represented as mean � SEM, and the level of

significance was set as P < 0.05. All statistics were performed using

SAS Enterprise Guide 3.0 (SAS Institute Inc., Cary, NC, USA).

3. Results

3.1. Lean vs overweight dARF at rest prior intervention on physical

activity

Fig. 1A depicts the instantaneous and cumulative acetate

percentage dose recoveries for the overweight and lean subjects.

We observed a significant difference in the kinetics of both

instantaneous (group: overweight vs. lean: F ¼ 10.41, P ¼ 0.001;

group � time interaction: F ¼ 1.40, P ¼ 0.185) and cumulative

(group: F ¼ 5.99, P ¼ 0.014; group � time interaction: F ¼ 3.97, P <

0.0001) acetate percentage recoveries between the overweight and

the lean groups.

For lean subjects, the average dARF extrapolated to infinite was

50.6 � 0.6% (n ¼ 70) at rest, ranging between 39.5 and 63.8% with

a CV of 10.2%. In overweight subjects, the average dARF was 45.3 �

1.5% (n ¼ 11), ranging between 36.7 and 50.2% with a CV of 11.0%.

dARF differed significantly between overweight and lean subjects

(F ¼ 10.0, P ¼ 0.002) with a difference of 5.2% dose recovery rep-

resenting 11.6% of the overweight mean dARF (Fig. 1B). Correlation

analyses showed that the variability of dARF was not explained by

age, BMI, NPRQ, FFM, RMR, RMR adjusted for FFM, VO2 peak nor VO2

peak normalized for body mass (Table 3). dARF correlated negatively

with the percentage of fat mass (Table 3). We also observed

a significant and negative correlation between dARF and both

fasting insulin and fasting insulin to glucose ratio (Table 3).

3.2. Effect of overweight individual, overweight mean or lean mean

dARF use on the dietary fat oxidation and its variability in the

overweight subjects (Fig. 2)

The mean dARF corrected dietary fatty acid oxidation was 38.2 �

1.4%, 37.7 � 1.8% and 33.8 � 1.6% dose recovery for 13C-FAOVERWEIGHT,
13C-FAOVERWEIGHTmean and 13C-FALEANmean, respectively. The CV was

11.7% for the 13C-FAOVERWEIGHT but 15.4% for both 13C-FAO-

VERWEIGHTmean and 13C-FALEANmean. Applying the lean subjects’ dARF

to correct 13C-FA oxidation generated a significant 12% underesti-

mation of dietary fatty acid oxidation in overweight participants.

Post hoc tests indeed showed a significant difference between 13C-

FAOVERWEIGHT vs. 13C-FALEANmean (�4.4 � 1.2%; t ¼ �4.2; P ¼ 0.001)

and 13C-FAOVERWEIGHTmean vs.
13C-FALEANmean (�3.9� 0.2%; t¼�3.71;

P¼ 0.002). Although the variability in 13C-FA oxidation increased 1.3

foldwhen using themean overweight dARF, no significant difference

between 13C-FAOVERWEIGHT and 13C-FAOVERWEIGHTmean calculations

was noted (�0.5 � 1.3%; t ¼ �0.5; P ¼ 0.7).

3.3. Effect of chronic interventions on physical activity on dARF and

the related dietary fat oxidation rates

The effect of physical activity interventions on dARF and the

related dietary oxidation rates are summarized in Table 4. In

overweight subjects, the post training average dARF was 46.4 �

2.4%, ranging from 31.5% to 60.1%. Physical activity intervention had

no effect in overweight subjects dARF with an average difference

between before and after exercise training of 1.1� 2.7% (t¼ 0.4, P¼

0.7). The resulting within-subject CV was 6.5%. The difference in

dARF between overweight and lean subjects remained significant

(F ¼ 12.0, P ¼ 0.001, Fig. 3). The between subject CV was 17.0% after

exercise training which is 1.4-fold higher than what was observed

prior training. The 13C-FA percentage recoveries corrected by either
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Fig. 1. Kinetics of instantaneous and cumulative (1A) acetate percentage dose recov-

eries in overweight and lean groups. Multiple ANOVA performed until 420 min post-

dose, the last common point between all the studies, showed a significant difference in

the kinetics of both instantaneous (group: overweight vs. lean: F ¼ 10.41, P ¼ 0.001;

group � time interaction: F ¼ 1.40, P ¼ 0.185) and cumulative (group: F ¼ 5.99, P ¼

0.014; group � time interaction: F ¼ 3.97, P < 0.0001) acetate percentage recoveries

between the overweight and the lean groups. (1B) represents the dietary acetate

percentage between overweight and lean subjects before and after physical activity

interventions on the physical activity. Dietary acetate recovery factor was significantly

different between overweight and lean subjects (overweight: 45.3 � 1.5; lean 50.6 �

0.6; F ¼ 10.01, P ¼ 0.002).
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the overweight individual dARF (37.3� 2.4%, t¼�0.3, P¼ 0.8) or by

the overweight subjects mean dARF (37.1 � 3.3%, t ¼ �0.1, P ¼ 0.9)

were not modified by the interventions on physical activity.

4. Discussion

4.1. Overweight vs. lean ARF

Since the introduction of the acetate correction factor by

Sidossis et al.,3 estimations of 13C-derived plasma-fatty acid

oxidation are corrected for the sequestration of the tracer in the

TCA cycle and in the bicarbonate pool. Although the characteristics

of ARF measured under infusion conditions to correct plasma fat

oxidation has been widely studied, the variation and the repro-

ducibility of the dietary ARF have not been yet fully investigated.

We previously showed that a unique dARF can be applied in lean

subjects. However, whether the same dARF, another unique dARF

or an individual dARF has be to used to correct fatty acid oxidation

for labelled carbon sequestration in the organism of overweight

insulin resistant individuals still needs to be determined.

In this present study, we compiled data from five distinct

studies, in which we measured the exogenous [1-13C]ARF, and we

found an average dARF of 45.3 � 1.5% in overweight subjects that

was significantly lower than the 50.6 � 0.6% observed in lean

subjects.

The reduction in dARF in overweight subjects is likely due to

enhanced metabolic pathways where the labelled carbon can be

lost due to either a greater dispersion into the bicarbonate pool or

lost via isotopic exchange reactions in the TCA cycle. Acetate is

immediately converted into acetyl coenzyme A (acetyl-CoA), and it

is assumed that almost 100% of the labelled [13C] acetyl-CoA will

enter the TCA cycle.18 Under normal resting conditions, only

a fraction of the infused [13C]acetate is recovered as 13CO2 in breath,

indicating that part of the 13C label is lost in the TCA cycle i.e.

formation of glutamate and glutamine and in lower quantity in

phosphoenolpyruvate(PEP), and eventually glucose and lactate, in

exchange for an unlabeled oxaloacetate (OAA) from gluconeogenic

precursors,2 or buffered within the bicarbonate pool. Thus, the

extent of underestimation of the true rate of oxidation depends on

the rate of the TCA cycle in relation to the rate of exchange reac-

tions2 and the dilution in the bicarbonate pool. The kinetics of 13CO2

suggest that the differences in dARF between overweight and lean

subjects are unlikely to be due to differences in bicarbonate pool

sizes (data not shown). A review combining 34 human bicarbonate

studies involving 480 subjects and investigating the variability in

recovery of labelled CO2 after administration of [13C]bicarbonate or

[14C]bicarbonate, found no significant differences in 14C and 13C

recovery between obese and lean subjects.19 On the other hand, in

animals, there is evidence for cytosolic activation of acetate, espe-

cially in the liver, leading to the formation of cytosolic (lipogenic)

acetyl-CoA pool.20 Thus, some labelled acetate goes into endoge-

nous cholesterol synthesis21,22 by the condensation of two acetyl-

coA molecules into acetoacetyl-coA and then jointly with a third

acetyl-coAmolecule to formHMG-coA or into fatty acids formation.

Oral 13C-acetate was shown to label fatty acids and cholesterol 3-to

4-fold higher than IV 13C-acetate21 and is higher during fasting22

which is not the case of our subjects. Thus, fatty acids and choles-

terol synthesis in our experiment’ conditions represents a minor

way of loss of label.

The flux of the TCA cycle was shown to be influenced by

metabolic disorders due to obesity and diabetes.4,6 Schrauwen

et al.6 hypothesized that a reduced TCA flux occurs in type 2 dia-

betes mellitus. Further, when skeletal muscle mitochondrial TCA

activity was accelerated during exercise, iARF was found to be the

highest in lean healthy individuals,4 followed by obese than type 2

diabetic patients.23 At rest, Blaak et al.24 found that iARF was

significantly lower in obese type 2 diabetic muscle compared to

obese healthy controls muscle. Furthermore, the b-adrenergic

infusion stimulation-induced increase in iARF was significantly

blunted in obese type 2 diabetes. In addition, a mismatch between

the rate of b-oxidation showed by increased levels of acyl-carni-

tines (b-oxidation intermediates)25 and the rate of TCA was found

to explain the incomplete oxidation in obese and diabetic myo-

tubes.26 Recently, using 13C magnetic resonance, Befroy et al.27

assessed rates of substrates oxidation in muscle between lean

insulin resistant offspring of type 2 diabetic patients (n ¼ 7) and

insulin sensitive control subjects (n ¼ 12) by monitoring the

incorporation of 13C label into C4 glutamate during (2-13C)acetate

infusion. They found that rates of muscle mitochondrial substrate

oxidation were decreased in lean, insulin resistant offspring

subjects. Taking these results together and the lower dARF we

found in our overweight insulin resistant subjects, we can extend

the hypothesis of Schrauwen et al.6 for reduction in TCA flux in type

Table 3

Determinants of dARF.

r2 P value

Age, yr 0.02 0.25

BMI, kg/m2 0.03 0.10

Fat mass, kg 0.08 0.01*

Fat mass, % 0.10 0.00*

RMR, MJ/d 0.00 0.89

RMRFFM, MJ/d 0.00 0.46

NPQR 0.02 0.22

VO2max, L/min 0.00 0.68

VO2max, mL/kg/min 0.03 0.14

Fasting insulin, mU/La 0.06 0.04*

Fasting insulin/glucosea 0.08 0.02*

Fasting NEFAb 0.02 0.40

Fasting TGc 0.30 0.00*

BMI: body mass index, RMR: resting metablic rate, RMRFFM : RMR adjusted for fat

freeefree mass, NPQR: non proteic respiratory quotient, TG: triglyceride, NEFA: non

esterified fatty acid. *P < 0.05. Regressions were used on 81 subjects.
a Regressions used on n ¼ 67 from Lipox, Bergouignan et al.9 and Bergouignan

et al.10 studies.
b Regressions used on n ¼ 52 from Lipox and Bergouignan et al.10 studies.
c Regression used on n ¼ 36 from Lipox study. Few data are missing from studies

because of differences in protocols’ objectives.
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Fig. 2. [13C]fatty acid percentage dose recoveries corrected for label sequestration by

overweight individual (13C-FAOVERWEIGHT), overweight mean (13C-FAOVERWEIGHTmean)

and lean mean (13C-FALEANmean) acetate recovery factor before and after physical

activity intervention in the overweight group. The mean dietary lipid oxidations are

38.2 � 1.4, 37.7 � 1.8 and 33.8 � 1.6 for 13C-FAOVERWEIGHT,
13C-FAOVERWEIGHTmean and

13C-

FALEANmean respectively. A repeated measure ANOVA showed a significant difference

between the three methods of corrections (F ¼ 10.45; P ¼ 0.001) and post hoc analyses

showed a significant difference between 13C-FAOVERWEIGHT vs. 13C-FALEANmean (P ¼

0.001) and 13C-FAOVERWEIGHTmean vs. 13C-FALEANmean (P ¼ 0.002) but not between 13C-

FAOVERWEIGHT and
13C-FAOVERWEIGHTmean (P ¼ 0.648).
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2 diabetes mellitus to a reduction in TCA flux in overweight insulin

resistant subjects.

In healthy subjects, an increase in insulin concentration might

decrease the rate of glycogenic pathway in relation to the TCA cycle,

resulting in a higher acetate recovery.2 However, in the light of

significant negative correlations observed between dARF in over-

weight insulin resistant subjects and indexes of insulin resistance i.

e. fasting insulin and fasting insulin to glucose ratio, we found an

impaired effect of high insulin concentrations on TCA cycle in

overweight insulin resistant subjects. Furthermore, dARF corre-

lated negatively with percentage body fat. A similar negative

correlation was observed by Schrauwen et al.4 infused ARF (iARF).

Mitochondrial function could potentially become impaired as

a consequence of insulin resistance. Gaster et al.26 found that

a reduced TCA flux does not per se induce insulin resistance.

However, it is possible that the decrease in TCA cycle flux observed

in overweight insulin resistant subjects may occur as a cause, rather

than a consequence, of insulin resistance. Indeed, an inherited

defect in mitochondrial biogenesis or an acquired defect in mito-

chondrial activity due to age or sedentary lifestyle might lead to

impaired lipid oxidation, predisposing individuals to accumulation

of intramyocellular fatty acids metabolites.27,28 Increases in

concentrations of fatty-acyl CoA and diacylglycerol impairs insulin

signaling and causes insulin resistance.29,30 In that study, the

reduction in dARF is associated with adiposity and insulin

resistance but it is only correlative data. Further studies are war-

ranted to discern the primary cause of the decrease in TCA cycle flux

in overweight insulin resistant subjects.

4.2. dARF vs. iARF in overweight subjects

The average dARF observed in the overweight group is twofold

higher than iARF reported for obese subjects. Indeed, after 120 min

of tracer infusion, Schrauwen et al.4 reported an iARF of 22.9� 0.5%

in a compilation study involving 31 obese subjects and Van Aggel-

Leijssen31 a iARF of 25.4 � 2.2% in 21 individuals. Of note, whereas

Schrauwen et al.4 and Van Aggel-Leijssen et al.31 employed the [1,

2-13C]acetate, we used the [1-13C]acetate. The difference in the

acetate-labeling pattern partly explains the difference between

dARF and iARF values, as previously discussed.5 The lower values of

iARF may also be related to the shorter infusion time (2 h)

compared to the 8 he11.5 h of measure under ingestion conditions.

Effects of a lower dARF in overweight and calculations methods

on fatty acid oxidation.

Using the lean subjects 51% dARF suggested by Bergouignan

et al.5 in overweight subjects resulted in an average underestima-

tion of 11.5% of the tracer-derived fatty acid oxidation rates. This is

an important effect because it is comparable to the reported

differences in fat oxidation. For example, Votruba et al.8 reported an

increase in label recovery of 5e15% between exercise and rest

conditions. Bergouignan et al.9,10 observed decreases in fat oxida-

tion of 11 and 8% when subjects were placed at bed rest.

According to Bergouignan et al. (2), we further tested how using

individual or overweight average dARF affected the dietary lipid

oxidation rates and their variabilities. As observed for lean subjects,

no effects were observed as the average percentage recovery of 13C-

FA corrected by either individual or overweight mean acetate

recovery factor were not significantly different (within 1%). Using

a mean dARF for the overweight group leads to a variability in

individual fatty acid oxidation < 12%. Bergouignan et al.5 reported

a difference < 10% in lean subjects between the dietary fatty acid

oxidations corrected by the individual dARF and those corrected by

an average lean group recovery factor whereas Schrauwen et al.32

reported a difference of >30% for iARF. Such difference might be

attributed to the assumed buffering digestion effect reducing the

inter-individual differences resulting in a lower variability for dietary

acetate and lipid metabolism compared to plasma acetate and lipids.

4.3. Physical activity intervention effect

The present study also analyzes the effect of physical activity

intervention on dARF in overweight subjects. No significant

difference was found between before and after the chronic exer-

cise training. However, exercise training increased the between

subject coefficient of variability of dARF among overweight

subjects. Insulin sensitivity might partly contribute to this obser-

vation. The larger variability in fasting insulin due to differences in

Table 4

Effect of physical activity interventions on acetate recovery factor and the related dietary fat oxidation rates in overweight subjects.

Before intervention After intervention Difference between after and before intervention P Value of t-test

13C-ARF 45.3 � 1.5 (36.7e50.2) 46.4 � 2.4 (31.5e60.1) 1.1 � 2.7 (�18.6 to 13.9) 0.70
13C-FA 17.1 � 0.8 (14.1e22.9) 17.3 � 1.4 (11.3e24.7) 0.2 � 1.8 (�9.9 to 8.0) 0.93
13C-FAOVERWEIGHT 38.2 � 1.4 (31.6e46.3) 37.3 � 2.4 (27.7e49.7) �0.9 � 3.0 (�18.7 to 10.7) 0.77
13C-FAOVERWEIGHTmean 37.7 � 1.8 (31.1e50.6) 37.1 � 3.3 (24.4e53.1) �0.5 � 3.9 (�22.6 to 16.5) 0.89
13C-FALEANmean 33.8 � 1.6 (27.8e45.4) 33.8 � 3.0 (22.2e48.4) �0.0 � 3.6 (�19.8 to 15.5) 0.99

Values are means� SEM (minimum/maximum is in the parentheses). 13C-ARF, [1-13C]acetate recovery factor calculated by extrapolation to infinite of the cumulative acetate %

recovery; 13C-FA, uncorrected dietary [1-13C]fatty acid %recovery, 13 CFAOVERWEIGHT, dietary [1-13C]fatty acid %recovery corrected by individual overweight 13C-ARF; 13C-

FAOVERWEIGHTmean, dietary [1-13C]fatty acid %recovery corrected by overweight subjects’ mean 13C-ARF; 13C-FALEANmean, dietary [1-13C]fatty acid %recovery corrected by lean

subjects’ mean ARF.
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Fig. 3. Box plot representation of the variability of the %recoveries of [1-13C]acetate

between overweight and lean subjects before and after the interventions on the

physical activity. The box plot represents the median of these data, the 25th and 75th

percentiles at each side of the box, and the 10th and 90th percentiles at the extremes,

and the black points are the values above and below the 90th and 10th respectively.

Dietary acetate recovery factor was significantly different between overweight and

lean subjects before (overweight: 45.3 � 1.5; lean 50.6 � 0.6; F ¼ 10.01, P ¼ 0.002) and

after the intervention (overweight: 46.4 � 2.4; lean 51.1 � 0.6; F ¼ 7.24, P ¼ 0.009). The

physical activity intervention had no effect in among groups (group: overweight vs.

lean: F ¼ 11.97, P ¼ 0.001; Time: before vs. after: F ¼ 0.65, P ¼ 0.422; Time � group

interaction: F ¼ 0.10, P ¼ 0.754).
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the overweight subjects response to training might contribute to

the larger variability in dARF recovery after training. Thus, even if

our results are in accordance with Bergouignan et al.,5 special

attention should be paid in using a standard dARF during inter-

vention studies in overweight insulin resistant subjects, especially

in studies looking at determinants of dietary fat oxidations.

One limitation of our study is the relatively small sample size of

the overweight insulin resistant group. If the present study clearly

shows that dARF is lower in overweight than in lean subjects (with

a posteriori power calculation of 92.4%), further studies are clearly

needed in subjects presenting a larger range of obesity and insulin

resistance degrees. Nevertheless, based on the above review of the

literature convincingly showing that the TCA flux is lower in insulin

resistant type 2 diabetes patients, such studies will likely confirm

our results. They will be important, however, in determining

whether or not an average dARF can be used independently of

obesity and insulin resistance degrees. Although we found no

difference when using individual or overweight mean dARF of 45.3

to correct for overweight fatty acid oxidation, the small number of

subjects and the increased between subjects variability observed

after exercise training suggest that special caution should be taken

in using the average overweight dARF value from the present study

to other experimental settings.

In conclusion, we showed that dARF is lower in overweight

insulino-resistant individuals compared to lean individuals. Using

a dARF derived from lean subjects for measuring dietary fat

oxidation in overweight/obese insulin resistant subjects will results

in significant underestimation of the tracer-derived oxidation rates.

Before further studies are conducted on a larger scale of obesity and

insulin resistance degrees, we recommend to measure individual

dARF in subjects presenting metabolic disorders.
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