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ɆǺH[²ȝ]ƍȶȸɊȒǺH���ċƊȻ��ǺH¥}ȵȻɡɓɏȼ�ȚŹȡȴȘɋ

[1]ȓ���ċƊȼǄ4ïöȶġłłǔȻŉȸɋƠãȻ[²3ȜɉǺHɎƸǞȩɋÀƢȝ

ȗɋȓɃȮȒ��5ǾƎńOȶaïȹ�4ȥɌȮƪŅ.aïaǩC¯[2]Ȼ�ȵȼȒǺH�

��ċƊȼ�ǻŷEȹǻƢʒƸǞƪŅɎÜ;ȧȒƪŅ.ɎǇȚɋǻƢȝŊŁȩɋȶȒɾɰ

ʌɬɐɎàÏșÀƢȝȗɋȓȣșȧȮqǹÄɎÔȲǺH��ċMȻɟʀʓɮȶȧȴȒǺHǻƢ

ĩ[3]ɇǺH¥}'ćĩ[4]ȸȷĎȔȸÅ|ɡɣɬʃȻ�4ȝĊƫȥɌȴțɊȒ,ȔȻ

Å|ɡɣɬʃȻÄƍálȻŖŝȝǚɅɉɌȴȘɋȓ,ȔȻÅ|ɡɣɬʃȻÄƍálɆǨƢ

ȵȗɋȝȒǺH[²ċMɻʎɥɣɎǉɃȚȒ,ȔȻÅ|ɡɣɬʃȻǺH[²àÞɀȻƾļ

¯`ȘɎƉÊȧȮ�ȵȒàÞɡɣɬʃɎǮŊȩɋȣȶȝǨƢȵȗɋȓ 
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úŖŝȵȼȒǺH���ċƊȻǺH[²ɎàÞȩɋɡɣɬʃȻǮŊɎƚșȓ6!ŋȹ
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ɎǺHƸǞɝɣɮȵƱ'ȩɋȣȶȵȒǺHƸǞƪŅ#ËɎàÞȩɋȓ 

ɜʓɣɣɧɭɐȵȼȒǮŊɡɣɬʃȻ{úŋȸđƍȻĊưɎƚȱȮ»ȹȒȬȻɡɣɬʃȝ

ǺH���ċƊȻÇÂĚ�àÞȻȮɅȹġłȵȞɋȣȶɎŘȩȓ 
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úŠȵȼȒɃȪǺH���ċƊȹ�ȧȴȒǺH[²ȻàÞȻȮɅȹ�4ȝǚɅɉɌȴȘ

ɋÅ|ÐƛȻŖŝ�%ȹȲȘȴČƶȩɋȓȬɌɉɎǉɃȚȴȒúŠȻò»ȹúŖŝȻ�Ƅ

�ȡȹȲȘȴǐɁɋȓ 

 u68EML
t��bd 

2.2.1 u6vj*\
t��bd 

Laurinec ɉ[5]ȼȄ�ɎɚʊɣɧʋʐɛȧȮ»ȹȒʊʐɨʃɹɕʍɣɮȸȷȻĩÎğɎłȘȴ

,�Ȅ�ȻǺHǻƢǩɎĩȧȴȘɋȓföÄȻȗɋɭʓɧȻĸ¿Ɏp§÷ȹ�ƈȥȫɋ

ȮɅȒ1ëȻ_ɧɑʃɣɬɪɻȤȶȻʊɽʌɎ(2.1)ȒʖǙǯȻ_ðëȻʊɽʌɎ(2.2)ȻɈșȹē

³Ȓ"³Ȼ·ȵƜľȧȒ�ƈȥȫȴȘɋȓ 

 

1sin 1
25%6

48
9 , cos 1

25%6

48
99

<=>

?@

	 (2.1) 

 

1sin 1
25%6

7
9 , cos 1

25%6

7
99

<=>

B@

	 (2.2) 

 

Papadopoulos ɉ[6]ȼȒ�ũ ARIMAʅɭʌ(SARIMA)Ȓ�Ł�ã�Ȟ�ũ ARIMAʅɭ

ʌ(SARIMAX)ȒʊʐɨʃɹɕʍɣɮȒNǧɺʓɣɬɐʐɛĚ�÷p§ɎłȘȴǺHǻƢȻ

ĩɎƚȸȱȴțɊȒȬȻŭ¯ɎĖǌȧȴȘɋȓĖǌȻŶăȒNǧɺʓɣɬɐʐɛĚ�÷p§

ɎłȘȮïȻ�
Ƶ¤iȝòɆ ȘȣȶɎŘȧȴȘɋȓWang ɉ[7]ȼȒƠãȻp§ʅɭʌɎ

ŴɄ`ɍȫɋȣȶȵŗĽŋǺHǻƢĩȻŭ¯Ɏc�ȥȫȴȘɋȓMayrink ɉ[8]ȼȒÕã

ªĮğȶNǧɺʓɣɬɐʐɛĚ�÷p§ɎŴɄ`ɍȫȮǺHǻƢĩÎğɎÜĈȧȴȘ

ɋȓɃȮÜĈÎğɎÕãªĮğȶǨp§ɎŴɄ`ɍȫȮʅɭʌȒÕãªĮğȶɱʇʓʊʌ

ɲɪɮʏʓɚɎŴɄ`ɍȫȮʅɭʌȶĖǌȧȒÜĈÎğȻôłÄɎĊưȧȴȘɋȓKim ɉ[9]

ȼȒż·p§ȒNǧɺʓɣɬɐʐɛż·p§ȒNǧɺʓɣɬɐʐɛĚ�÷p§ɎłȘȴ�°

ȻǺH$łǩɎĩȧȒȬȻŭ¯ɎĖǌȧȴȘɋȓĖǌȻŶăȒNǧɺʓɣɬɐʐɛĚ�÷
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p§ɎłȘȮïȻ�
Ƶ¤iȝòɆ ȘȣȶɎŘȧȴȘɋȓKim ɉ[9]Ȼ$łȧȮĚ�÷p

§Ȼ{úŋȸɏʌɞʋɤʃ[10]Ɏ��ȹŘȩȓ 

iĒ2Ȼ�ã(((C), … , ((E), … , ((F))ȶʊɽʌ6ȜɉȸɋG,ȻƬŽďúȝ�ȚɉɌȮȶȩ

ɋȓƖɳʓɯɎH = 1,…	, 	|J|ȶň^�ȡȒƖɳʓɯHȼ4HŞǯȻȁzℛLɎƜȧȒGL,Ȼɭʓ

ɧĲɎÔȲȶȩɋȶȒȁzℛLȹ�ȩɋĩ.ȼ(2.3)ȵ�ȚɉɌɋȓ 

 

ML =
1

GL
N 6O
PQ∈ℛS

	 (2.3) 

 

Ě�÷ȻƖčǗȼ��Ȼɏʌɞʋɤʃȵ#ËȥɌɋȓ 

(1)	T Ē2Ȼ.ȵɦʓɮȩɋȓ 

(2)	-ňŎȶ- + 1ňŎȻƬŽďúȻǯɎ<ǸȩɋɈșȹǱ.ɎƮ�ȧȒ�
Ƶ¤i&L(J)Ɏ

ƪŧȩɋȓ&L(J)ȼ(2.4)ȹŘȩ±ȵęɅɋȓ 

 

&L(J) = N {6O − ML}
X

PQ∈ℛS

	 (2.4) 

 

(3)T = 1,… , , Ē2ȹ�ȧȴƵ¤ɎƪŧȧȒ<ǸȧȮǷȻƵ¤ȝò�ȶȸɋɈșȸ�ãȶǱ

.ɎĚ�ȩɋȓ 

(4)èȮȸƖɎ#ËȧȒ(1)~(3)ɎƖȝJȹȸɋɃȵƃɊǏȩȓ 

Ě�÷p§ȹțȘȴȼȒFig. 2-1ȹŘȩɈșȸ�<÷ȝòųŋȹ½ɉɌɋȝȒȣɌȼ Fig. 

2-2ȹŘȩɈșȸ�Ē24HŞǯȻǋȹĝȱȮ~ņȹɈɋ<GɎÇgȩɋȓ 
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Fig. 2-1 [9] 

 

 

Fig. 2-2 [9] 

 

2.2.2 u6B=/U*\
t��bd 

González ɉ[11]ȼȒǺH'ćĩɎĚ�÷ɎɽʓɣȶȧȮ CARTȒ BaggingȒ Random 

ForestsɎłȘȴƚȘȒŭ¯ɎĖǌȧȴȘɋȓɃȮǺH'ćĩȹǨƢȸ�ãȶȧȴǺHǻ

ƢǩȶĶæ'ćɎÖȢȴȘɋȓĀƆɉ[12]ȼ 1 ɣɬɪɻ3ȻǺH'ćɎĩȩɋȮɅȹȒE

:ĿɚʊɣɧʋʐɛȶɱʇʓʊʌɲɪɮʏʓɚɎŴɄ`ɍȫɋÎğɎÜĈȧȴȘɋȓÜĈÎğȹ

ɈɊɣɶɑɚȸȷȻǽż·ȸ'ć�LȹɆ�ÁȧȴȘɋȓFeijoo ɉ[13]ȼȒɚʊɣɧʋʐɛɏʌ

ɞʋɤʃȶɟʀʓɮɽɚɧʓʁɡʐȒɟʀʓɮɽɚɧʓʋɛʍɪɡʉʐɎŴɄ`ɍȫȮÎğȵǺ

H'ćȻĩɎȧȴȘɋȓ 
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2.2.3 )c?I
AH��u6npk^
t��bd 

òÍɉ[14]ȼǺH¥}'ćȻÛŚɎªxp§ĸÄȶɢʆʐɻǜśɎÔȲŗĽ¾<éś

±ʅɭʌȵƜľȧȒ¥}'ćȻ�ŗ�ÄȹÁȨȮƸǞɝɣɮɎƪŧȧȴȘɋȓɃȮ¥}'ć

Ȼ�ŗ�ÄȝȆȘ}`ȹȼȒƎEŊǺƮ0ȶŐ��ŮɎBłȩɋȣȶȵȒƸǞɝɣɮɎÒȚ

ɋȣȶȝȵȞɋȣȶɎƹȨȴȘɋȓĂɉ[15]ȼȒǺH¥}Ȼɣʀɪɮ'ćɎªxp§Äȶ'ćɣ

ɶɑɚȝƉÊȥɌȮ VasicekʅɭʌɎłȘȴƜľȧȒʅʐɬɗʌʎɡʂʇʍʓɡʉʐȹɈȱȴȒ

Ő��Ů'ćȹ�ȩɋ«ǯȻö¹BŌțɈȾʋɣɚɎ�ǩŋȹƱ'ȧȒòǠȸŐ��Ů'

ćɎŧ;ȩɋÎğɎÜĈȧȴȘɋȓȆĉɉ[16]ȼ JEPXɎBłȫȪȒƠãȻ&ŷƊȜɉEë

ȶ¶ëȻʗĕǶȻƸǞȵǺHɎƸǞȩɋǺH���ċƊɎÆ�ȧȒǻƢ/Ȼ�ŗ�Äȶ9

Ł]ƍɔɲʌəʓŊǺȹɈɋ&ŷ/Ȼ�ŗ�Äȹ�ÁȩɋÌŇşĈȻȮɅȻʅɭʌɎŘ

ȧȴȘɋȓʅɭʌȵȼEëȹțȡɋÇÂĚ�ǿŎȶȧȴȒEëǄ4ȻôĳȒ0�ǩ�Ů

ȻôĳȒɭɐʁʐɯʋɣʀʐɣ�ŮȻôĳɎÖȢȴȘɋȓ 

 

2.2.4 Sbd�,f+� 

qǹÄɎÔȲǺH��ċMȻàÞȻȮɅȹƚɍɌȴȘɋȒǺHǻƢĩȒǺH¥}'

ćĩȒǺHƸǞƪŅşĈȸȷȻȒ,ȔȻċMɻʎɥɣɎàÞȩɋŖŝȹȲȘȴƶíȧ

Ȯȓ 

,ȔȻċMɻʎɥɣȻÄƍálɆǨƢȵȗɋȝȒǺH[²ċMȻɻʎɥɣ5!ɎǉɃȚ

ȴȒàÞɡɣɬʃɎǮŊȩɋȣȶȝǨƢȵȗɋȓ��ɎǉɃȚȒúŖŝȵȼǺH[²ċMɻ

ʎɥɣɎǉɃȚȮǺH[²àÞɡɣɬʃȻǮŊɎƚșȓŢ 3ŠȵȼȒǺH[²ċMɎ<āȧ

Ȯ»Ȓ<āȹ{ȳȘȴàÞɡɣɬʃȻÜĈɎƚșȓŢ 4ŠȵȼȒÜĈȧȮàÞɡɣɬʃȻɻ

ʎɮɧɑɻɎ#Ëȩɋȓ 
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úŠȵȼȒɃȪǺH[²ȻČƢȹȲȘȴǐɁȮ»ȒǺHċņȻB�ǰ)Ɗ<āȶǺH

[²ȻɻʎɥɣɎ<āȩɋȓ<āŶăɎɆȶȹȒǺH���ċƊȹ�ȧȴȒǺH[²ɎàÞ

ȩɋɡɣɬʃȻÜĈɎȩɋȓ	

 u68EXj 

3.2.1 u6np2 

ƎřȵȻŊǺƮ0ɎÔȮȸȘǺH��Ɋ�ċƊȝǺHɎƸǞȩɋ}`ȒŐ�[²Ȓ

Japan Electric Power Exchange(JEPX)Ȓ¨ïɵɪɚɏɪɻɎBłȧȴǺHɎƸǞȩɋȓŐ�

[²ȼ�řǯȵʖ�ʖȵ[ɊĚɅȮĸAȸæǪȵȻ�Ůȹ{ȳȟ[²ȵȗɋȓJEPXȹȼ3

ħ¥}Ȓɣʀɪɮ¥}(�ëE¥})ȒïǯE¥}(¶ë¥})ȝȗɋ[18]ȓ3ħ¥}ȵȼȒ�

þȻĸ�öǯ(1«ǯʒ1 ʑóǯʒ1Ǚǯ)ȹ\ȡħȧɎŮüȩɋǺėɎɠʊ}ȵ[²ȩɋȓɣ

ʀɪɮ¥}ȼȒƇëȹ\ħȩɋǺėȻ[²Ɏƚș¥}ȵȗɊȒ�ëɎ 30<S�ȹQ=ȱȮ

48kjȹȲȘȴ[²ɎƚșȓŮ�é±ȼɺʊɑʐɯʒɡʐɛʌɻʊɑɣɖʓɚɡʉʐȵȗɋȮ

ɅȒ4ûïȹȼ�ȻYIƊȻ4ûĹĞȝƣɋȣȶȝȵȞȪȒŮ�'ćɈɊ Ș'ćȵ4ûȧ

Ȯ}`ǺHɎǄ4ȩɋȣȶȝȵȞȸȘȓïǯE¥}ȼɣʀɪɮ¥}ȵƇëȹ\ħȩɋǺėȻ

[²ȝȸȥɌȮ»Ȓ�ǷȻ\ħɃȵȻǯȹ�ĩȻŊǺ�ƸɇǻƢÃ�ȸȷȻƇëƪŅť

�»Ȼ�ĩȻǻŷʂɣʁɪɩȹ�ÁȩɋȮɅȻ¥}ȵȗɋȓŮ�é±ȼȒɠʊ}ɎØłȧȴ

Șɋȓ¨ïɵɪɚɏɪɻȶȼȒȕǠēȸǺH[²ȹȲȘȴȻÕǫȖȹ{ȳȞȒì�ƒǺė�ċ

ƊȝèƤY4Ɗȹ�ȧȴȒŸŹŋȹǺHȻV&ŷɎƚșȣȶɎÕȩȓèǺH�řȝǺHɎ

�ɋǷȹȒ��ȵ ɝɣɮȸǺHɎ��ǩ&ŷȵȞȸȘȶȞȹ¨ïɵɪɚɏɪɻɎ\ȡɋȣȶ

ȝȵȞɋȓǺHȻƸǞ3ȼ�ǻŷȶ[²ïöȶȻǰ)ɇȬȻ·ÈȹɈɊȒȬȻ¸Gȝŉȸ

ɊȒ�ƒȹ�ǻŷɈɊǟȟȸɋɂȷʋɣɚɼɪɢȻƧĲȜɉȒǎȟȸɋɂȷŵĦŋǺĬƸǞȻƧ

ĲȜɉġłȥɌɋȓ�ǻŷȶ[²ïöȻǰ)Ɏ Fig. 3-1ȹŘȩȓ 
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Fig. 3-1 ([19] ) 

 

Ő�[²ȼ 1«��EȜɉŏEɃȵBł]ƍȵȗɊȒʋɣɚɼɪɢȒŵĦŋǺĬƸǞȻ�

Ǿȵġłłǔȝȗɋȓ3ħ¥}ȼãʑóEɃȵBł]ƍȵȗɊʋɣɚɼɪɢȻǾȵġłłǔ

ȝȗɋȓɣʀɪɮ¥}ȼ 1ëEȒïǯEȹǺHƸǞȝ]ƍȵȗɊȒŵĦŋǺĬƸǞȻǾȵġ

łłǔȝȗɋȓ¨ïɵɪɚɏɪɻȼãʑóEȜɉãëEɃȵBł]ƍȵȗɊȒʋɣɚɼɪɢȒ

ŵĦŋǺĬƸǞȻ�Ǿȵġłłǔȝȗɋȓ 

 

3.2.2 k^1:P:r 

ǺHȼ�ƒŋȸƽķȶŉȸɊȒ�îȹǁƗȩɋȣȶȝȵȞȸȘȮɅȒ¨ȹǻƢȶ&ŷɎ�

ƏȥȫɋÀƢȝȗɋȓȣȻǻŷɵʊʐɣɎŗ*ȩɋȮɅȻ�ŴɄȶȧȴȒ2016«ʘóȻ��

5ǾƎńOɎđȹȒƪŅ.aïaǩC¯ȝ�4ȥɌȮȓȣȻC¯Ȼ�ȵȼȒŊǺ�ċƊȶ

ȵǺH���ċƊȼȬɌȭɌ�ǻŷEȹŊǺƪŅȶǻƢʒƸǞƪŅɎzđǰȹÜ;ȩ

ɋÀƢȝȗɋȓÜ;ȩɋƪŅȼȒ«ǯƪŅȒóǯƪŅȒǙǯƪŅȒƇëƪŅȒ¶ëƪŅȸȷ

ȝȗɋȓÜ;ȧȮƪŅȶ�ǷȻŊǺʒǻƢ�ƀȹ¤<ʔɑʐɵʊʐɣʕȝȗɋ}`Ȓ�ƒǒǧ

Ǻ�ċƊȝƸäHǺĬɎłȘȴƸäȩɋȓƸäȹƢȩɋǃłȹȲȘȴȼȒVǺH[²Í

ȹțȡɋ¥}'ćɎɽʓɣȶȧȮɑʐɵʊʐɣæǪɎǕȨȴpZȥɌɋȓ�Eȹɑʐɵʊʐɣ

æǪɎƣȥɌɋȻɎǲȠȮɅȒ�»ŋȹȧȜ@íȧȸȘȒƸäǿɎƮȡȴțɊȒEëĕǶ

ȻŊǺɇǻƢȻƪŅɎ�ċƊȝǡ�ȩɋɑʐɥʐɬɐɺɎÔȮȫȴȘɋȓƪŅ.aïaǩ

C¯Ȼ�ȹțȡɋȒɑʐɵʊʐɣƸäȻ�ŴɄɎ Fig. 3-2ȹŘȩȓ 
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Fig. 3-2 ([20] ) 

 

ŊǺƪŅɈɊŊǺ�ƀ.ȝ�ȸȘ}`ȹȼȒŊǺ�ċƊȜɉǒǧǺ�ċƊȹ�ȧȴɑʐ

ɵʊʐɣĥŧɎƚșȓǻƢƪŅɈɊɆǻƢ�ƀ.ȝ�ȞȘ}`ȹȼȒǺH���ċƊȜɉǒ

ǧǺ�ċƊȹ�ȧȴɑʐɵʊʐɣĥŧɎƚșȓ 

3.2.3 u6npk^-J 

���ċƊȼǺHƸǞƪŅ#ËȶhȽɌɋȒǻƢĩɎɆȶȹ_ƸǞ3ȜɉȻƸǞǩɎ

Ě�ȩɋ#ċɎƚșȓ�ǻƢȻ 1«��E~2ëEȹȼǜXȻ�ƀ.ɎɽʓɣȹóǯȻǻ

ƢĩɎƚȘȒŐ�[²Ȓ¨ïɵɪɚɏɪɻȒ3ħ¥}ȜɉȻƸǞǩɎĚ�ȧȴȘȟȓ2ëE

ȹȼɈɊŭ¯ȻȆȘǻƢĩȶɣʀɪɮ'ćȻĩȹɈɊȒŐ�[²Ȓ¨ïɵɪɚɏɪɻȒɣ

ʀɪɮ¥}ȵȻƸǞǩɎĚ�ȩɋȓ¶ëȹȼȄ�ȻǻƢǩɎōƥȧȲȲȒƸǞǩȝǈɊȸȘ

}`ȼȒïǯE¥}ȒɆȧȟȼɵʊʐɡʐɛɛʌʓɻ7Ȼ�Ȼ���ċƊȜɉǺHɎƸǞȩ

ɋȓòųŋȹǻƢȹ�ȧȴƸǞǩȝǈɊȸȘ}`ȼȒɑʐɵʊʐɣŭŧȩɋÀƢȝȗɋȓ�

��ċƊȼɑʐɵʊʐɣɎǤȡȲȲȒɈɊ�ȘƸǞ3ȜɉǺHɎƸǞȩɋÀƢȝȗɋȮɅȒ

ɈɊēŗȸǻƢǩĩȶǺH[²'ćȻĩʒÑÝȝęɅɉɌɋȓ 
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 5@t0g4T 

B�ǰ)Ɗ<āȵȼȒ�ƼȶȩɋɻʎɢɓɚɮȻB�ǰ)ƊȶȬȻǰ)ÄɎíŗȹȩɋȓ

Sutherland[21]ȼ�ÄŋȸB�ǰ)Ɗʅɭʌȶ Stakeholder value network(SVN)ɎÜĈȧȴ

ȘɋȓúƹåȼB�ǰ)Ɗ<āɎȩɋéğȶȧȴ SVNɎBłȩɋȓSVNȼ��ȻÎȀȵ

#ËȥɌɋȓ 

1. B�ǰ)ƊȻʋɣɮɎ#Ëȩɋ 

2. B�ǰ)ƊǯȻ'.ȻĢɌɎƭ4ȩɋ 

ɃȪȒB�ǰ)ƊȻʋɣɮɎ#ËȩɋȓB�ǰ)ƊȼƟjɃȮȼɻʎɢɓɚɮȹŏÚŋȹȒ

ɆȧȟȼǯÚŋȹǰɍɋȼȒ�ȗɋȘȼŴƂȻȣȶȵȗɋ[22]ȓSVN�ȵȼB�ǰ)ƊɎǬ

é·ȵƜľȩɋȓ 

ĒȹB�ǰ)ƊǯȻ'.ȻĢɌɎƭ4ȩɋȓ'.ȼǃłȹ�ȩɋ(Ōȶȧȴ�ƅȥɌ

ɋȓ(ŌȼB�ǰ)ƊȹɈȱȴȒȬȻ'.ȶǨƢÄȝ@çȥɌɋȓB�ǰ)ƊȻɱʓɤɇö

¹ȝ�Ȼ�ȔȹɈȱȴīȮȥɌɋȶȒ(Ōȝ½ɉɌɋȓSVN�ȵȼ'.ȻĢɌɎŒUȵƜ

ľȩɋȓ 

SVN#ËȻÎȀȹ¼ȱȴǺHċņȹȲȘȴȻ SVNɎ#ËȧȮȓSVNȻ#ËȹȗȮɊȒ

ǺHċņȹȲȘȴƳȧȘ�ǭ�ȶȻƠãpȻ�ƻɎƚȸȱȮȓSVN#ËȻ�ƻȻYIƊ

ȶ#ËȥɌȮ SVNȹdɃɌɋB�ǰ)ƊɎ Table 3-1ȹŘȩȓ2017/5/22ȹ#ËȧȮ SVN

ȵȼȒɡɣɬʃʄɦɪɯȻ�ǭ� 1�ȹɈɊȒåļƸąȜɉÑÝ]ƍȸȒâ®ȒŊǺ�ċƊȒ

ǒǺ�ċƊȒJEPXȒǺH���ċƊȒÅ|ɡɣɬʃ�řȒǺHǻƢ�ȸȷȒò ǴȻB�

ǰ)ƊȻ>Öȝ��ȧȴȘɋȓĒȹ 2017/5/29ȹ#ËȧȮ SVNȵȼȒ2017/5/22ȹ#Ëȧ

Ȯ SVNɎɆȶȹȒɡɣɬʃʄɦɪɯ[17]Ȼ�ǭ�Ɏȥɉȹ 1�IȚȒ<āɎƚȸȱȮȓȬȻȮ

ɅB�ǰ)ƊȻ<āȝɈɊƳŲȹȸȱȴȘɋȓ6!ŋȹȼȒǺH���ċƊɎȒǺHɎƸ

ǞȧȒǻƢ�ȹǀ�ȧȴȘɋǺH�ċǥȶǻƢ�ȹ�ȧȴǺH��ȻɟʓɸɣɎÜ&ȧȴ

ȘɋȬȻ�Ȼ�ċǥȶȹ<ƩȧȮȓǺH��ɊƎńO�ǳȒß¦ǺƲ�řɇɘɣ�řȸȷ

ɆǺH��Ɋ�ċȹY4ȧȴțɊȒß¦ǺƲæǪɇɘɣæǪɻʊʐȶɥɪɮȹȧȮǺėæǪ

ȸȷɎÜ&ȧȴȘɋȓȬȻɈșȸ��Ɋ�ċƊȻǺH&ŷ��ȻɟʓɸɣɎǻƢ�ȹÜ&ȧ

ȴȘɋ�ċǥɎȒȬȻ�Ȼ�ċǥȶȧȴȘɋȓɃȮǻƢ�ɎȒ£}ɇɸʌȸȷȻɈșȸȆvȻ

ǺHɎęɅɋȒȆvǺHǻƢ�ȶȒ�ƒ�°ȻɈșȸ vȻǺHɎęɅɋ vǺHǻƢ�

Ȼ 2Ȳȹ<ȡȮȓ vǺHǻƢ�ȼȆvǺHǻƢ�ȶŉȸɊȒǺH&ŷ��ȻɟʓɸɣɎ

\ȡɋȣȶɆȗɋȓ��ȻɈșȹȒ2017/5/29Ȼ SVNȵȼǺH���ċƊȶǻƢ�Ȼ<āȝ
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ɈɊƳŲȹȸȱȮȓĒȹȒ2017/6/6Ȼ SVNȵȼȒ2017/5/29ȹ#ËȧȮ SVNɎɆȶȹȒǺH

ċņȹȲȘȴƳȧȘ�ǭ� 4�ɎèȮȹIȚȮƪ 6�ȹɈɊ SVNɎ#ËȧȮȓǺHċņȹ

ƳȧȘ�ǭ�ɎèȮȹIȚȴȘɋȮɅȒǺHċņĸôȻB�ǰ)Ɗȹǰȩɋ<āȝɈɊƳ

ŲȹȸȱȴȘɋȓ6!ŋȹȼȒǺHzŋǛmÛǚđǰ(zđǰ)ȶɵʊʐɡʐɛɛʓʌʓ

ɻ7ǺH���ċƊȶȘșèȮȸB�ǰ)Ɗȝ>ÖȥɌȮȓzđǰȼǺHǻŷɵʊʐɣ

Ȼ��OȻȮɅȒŊǺ�ċƊȒǒǺ�ċƊȒǺH���ċƊȹ�ȧȴōƥɎƚȱȴȘɋȓ

ɵʊʐɡʐɛɛʌʓɻȶȼǺHƸǞǩȝǻƢɎ�pɋƎ!ɎǲȠȮɅȹ#ɉɌɋǺH��

�ċƊa�ȵɛʌʓɻȵȗɋȓɛʌʓɻȻ�ȵǺH&ŷ�ǈȝǆȞȬșȸȶȞȹȼȒ�Șȹ

ǺHɎƞ�ȧȗșȣȶȵȒƸǞǩȻƸäɎƚșȓ��ȻɈșȹ 2017/6/6Ȼ SVNȵȼȒǺHċ

ņĸôȻB�ǰ)ƊȵȗɋzđǰȶȒɵʊʐɡʐɛɛʌʓɻ7ǺH���ċƊȶȘșè

ȮȸB�ǰ)ƊɎIȚȮȓ 
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Ēȹ�ËȧȮ SVNȹdɃɌɋB�ǰ)ƊȻʋɣɮɎ Table 3-2ȹŘȩȓâ®ȼǺHɸɢ

ɲɣȻ��OȻȮɅȒŊǺ�ċƊȒ�ƒǒǧǺ�ċƊȒǺH���ċƊȹ�ȧȴƤCɇ

ƞJɎƚȱȴȘɋȓ�ƒǒǧǺ�ċƊȼ&ŷQz7ȵǒǺżȒ�ǺÍȸȷɎźÔȒǛł

Table 3-1  SVN SVN  

  SVN  

2017/5/22 
2  

Government, Power transmission 
company, Old power producer, New 

power producer, JEPX, Information 
service providers, New power supplier, 

Consumer of electricity 

2017/5/29 
2  

Government, Power transmission 
company, Old power producer, New 
power producer, JEPX, Information 

service providers, Power industry 
division in power supplier, Other 

division in power supplier, Consumer 

of electricity(high voltage power), 
Consumer of electricity(low voltage 

power) 

2017/6/6 
2  

4  

Government, Power transmission 
company, Old power producer, New 
power producer, JEPX, Information 

service providers, Power industry 
division in power supplier, Other 

division in power supplier, Consumer 

of electricity, Consumer of 
electricity(high voltage power), 

Consumer of electricity(low voltage 

power), OCCTO, Power supplier in 
balancing group 
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ȧȒǻƢ�ȻɆȶɀǺHɎǒɊ ȡɋȣȶȝ	ȸċMȵȗɋȓǺHɑʐɹʊȻ��OȻȮɅǺ

H�ċȻƎńO�»ɆȒtȜɉƴ]Ɏ\ȡȮì�ƒǺė�ċƊ(PģǝǺHʒÿPǺHʒÿ

�ǺHʒPǵǺHʒ�ǥǺHʒǰơǺHʒ�tǺHʒotǺHʒ�¢ǺHʒěžǺH)ȻɄ

ȝȒǒǧǺċMɎƚșȣȶȝȵȞɋȓìŊǺ�ċƊȶȼȒǺH�ċȻƎńO�EȜɉǺHȻ

ŊǺʒǀ�ȝƴɅɉɌȴȘȮȒì�ƒǺė�ċƊ(PģǝǺHʒÿPǺHʒÿ�ǺHʒPǵ

ǺHʒ�ǥǺHʒǰơǺHʒ�tǺHʒotǺHʒ�¢ǺHʒěžǺH)ȻȣȶɎÕȩȓèƐ

ŊǺ�ċƊȶȼǺH�ċȻƎńO�ǳȹǺHȻŊǺʒǀ�ȝƴɅɉɌȒèƤY4ȧȮ�ċ

ɎÕȩȓJEPXȼǺH�ċȻƎńOȹ�ȘƮşȥɌȮǺH[²¥}ȵȗɋȓJEPXȵȼȒŊ

Ǻ�ċƊȶǺH���ċƊȹ�ȧȴȒãʑó3ȻǺHɎ[²ȩɋ3ħ¥}ȒƇëȻǺHɎ

[²ȩɋɣʀɪɮ¥}Ȓ1ïǯ»ȻǺHɎ[²ȩɋïǯE¥}ɎȴÜ&ȧȴȘɋȓÅ|ɡɣ

ɬʃ�řȼǺH���ċƊȹ�ȧȴȒǺH��ɊċMɎàÞȩɋÅ|ɡɣɬʃɎÜ&ȧȴ

ȘɋȓǺH���ċƊȻǺHǥǭȵȼȒŊǺ�ċƊȜɉŏÚȒɆȧȟȼ JEPXɎǕȧȴǺH

ƸǞɎƚȘȒǻƢ�ȹǺHɎǀ�ȧȴȘɋȓǺH���ċƊȻȬȻ�Ȼ�ċǥȵȼǻƢ�

ȹ�ȧȴȒǺH&ŷ��ȻɟʓɸɣɎÜ&ȧȒ�I'.ɎŁɄ;ȧȴȘɋȓȆvǺHǻƢ

�ȼ£}ɇɸʌȸȷȻ�ŮǺHȝ 500kW��ȻǻƢ�ȵȗɋȓ vǺHǻƢ�ȼ�ƒ�

°ȸȷȻ�ŮǺHȝ 500kWøīȻǻƢ�ȵȗɋȓ2016«ȹ vǺHǻƢ�ȹ�ȩɋ�

�ɊƎńOȝ��ȧȒǺH��Ɋ5ǾƎńOȝ��ȧȮȓzđǰȼǺHǻŷɵʊʐɣȻ

��OȻȮɅȒâ®ȜɉȻŨĿȻɆȶȒŊǺ�ċƊȒ�ƒǒǧǺ�ċƊȒǺH���ċƊ

ȹ�ȧȴōƥɎƚȱȴȘɋȓ6!ŋȹȼȒ�ǻŷEȹŊǺƪŅȶǻƢʒƸǞƪŅɎŊǺ�

ċƊȶǺH���ċƊȹÜ;ȥȫȒƪŅ.ȶɤʍȝȗɋ}`ȹȼɾɰʌɬɐʓɎƷȩȓɵʊ

ʐɡʐɛɛʌʓɻ7ǺH���ċƊȼɵʊʐɡʐɛɛʌʓɻ7ȵ�ǻłȹ�ȧȴƸǞǩȝ

ǈɊȸȘǷȹ�ȘȹǺHɎƙǕȧȗȱȴɑʐɵʊʐɣæǪȝŊŁȧȸȘɈșȹȧȴȘɋȓ 
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Table 3-2  

Stakeholders Description of stakeholders 

Government Government realizes appropriate and reasonable 
management of electricity business. 

Power transmission 
company 

Power transmission company transmits electric 
power from power plant to customer. 

Old power producer Old power producer generates electric power by 

using energy (ex. Thermal power, Hydraulic power, 
Nuclear power, Solar power). Old power producer is 

permitted to generates electric power since past 

time. 

New power producer New power producer generates electric power by 
using energy (ex. Thermal power, Hydraulic power, 

Solar power). New power producer is permitted to 
generates electric power recently. 

Japan Electric Power 
Exchange(JEPX) 

Japan Electric Power Exchange(JEPX) is electric 
power market in Japan. 

Information service 

providers 

Information service providers serves to their clients, 

and customize and integrate new technology into 
their service to fulfill the needs of customers. 

Power industry division 

in power supplier 

Power supplier is permitted to supply electric power 

with customer recently. Power industry division 
provide electric power. 

Other division in power 

supplier 

Power supplier is permitted to supply electric power 

with customer recently. Other division provide other 
service without electric power. 

Consumer of 
electricity(High-voltage) 

Consumer of electricity consumes electric power. 
Contract electric power is over 50kW. 

Consumer of 

electricity(Low-voltage) 

Consumer of electricity consumes electric power. 

Contract electric power is under 50kW. 

Organization for Cross- OCCTO aims to strengthen a stable electricity 
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�ËȧȮǺHċņȻ SVNɎ Fig. 3-3ȹŘȩȓ�ƒȹȒŒUȻƔȼ'.ȻŜȃȹɈȱȴ 4

Ȳ�wȧȒʀʋɡʓȶƤCȼǼƔȒțǪȼŻƔȒkjȶɟʓɸɣȼűƔȒœƺȶÐƛȼǅƔ

ȻŒUȵƜľȩɋȓǺH��Ɋ�ċƊȻǺH�ċǥȼȆvǺHǻƢ�ȶ vǺHǻƢ�

ȹ�ȧȴǺHɎ&ŷȧȒȬɌȹ�ȩɋ�'Ɏ\ȡ[ɋȓǺH��Ɋ�ċƊȻȬȻ�Ȼ�ċ

ǥȵȼȒǺH&ŷ��ȻɟʓɸɣɎǻƢ�ȹ�ȧȴÜ&ȩɋȓÅ|ɡɣɬʃ�řȼǺH�

�Ɋ�ċƊȹ�ȧȴȒǺH[²àÞȻȮɅȻÅ|ɡɣɬʃɟʓɸɣɎÜ&ȧȴȒȬɌȹ�ȩ

ɋ�'Ɏ\ȡ[ɋȓɵʊʐɡʐɛɛʌʓɻ7ȻǺH���ċƊȼǺHƸǞȝǈɊȸȘǷȹȒ

�ȻǺH��Ɋ�ċƊȶ�ȘȹǺHɎƙǕȧ`ȘȒƙǕȧ`ȱȮǺHȹ�ȧȴ�'ɎàÏ

șȓǺH��Ɋ�ċƊȼìŊǺ�ċƊȶèƐȻŊǺ�ċƊȜɉ JEPXɎǕȨȴǺHɎƸǞ

ȩɋȜȒŐ��ŮȶȘșŏÚʗƊǯȵɇɊȶɊȩɋ[²éğȵǺHɎƸǞȩɋȓɃȮȒèȧȟY

4ȧȴȞȮǺH��Ɋ�ċƊȹ�ȧȴȼȒìŊǺ�ċƊȜɉ¨ïɵɪɚɏɪɻȶȘșbȵǈɊ

ȸȘ<ȻǺHɎǄ4ȩɋȣȶȝȵȞɋȓŊǺ�ċƊȶǺH��Ɋ�ċƊȝǺH[²ɎȩɋǷ

ȹȼȒJEPXȹ�ȧȴȒȬɌȭɌÎãæɎàÏșȓJEPXȼ�Ɗȹ�ȧȴȒǺH[²ɟʓɸɣ

ɎÜ&ȩɋȓǺH��Ɋ�ċƊȶȻ�ǂ�ŮȝŶȽɌɋȶȒŊǺ�ċƊȼ�ċƊȹ�ȧȴ

�'ɎàÏȘȒǒǧǺɟʓɸɣɎ\ȡɋȓâ®ȼ�ƒǒǧǺ�ċƊȹ�ȧȴǒǧǺ�ċȻ

Ưƴ]Ɏ�Țɋȓâ®ȼŊǺ�ċƊȒǺH��Ɋ�ċƊȒzđǰȹ�ȧȴȒğºȹɈɊƤ

CɎȩɋȓzđǰȼâ®ȻŨĿȻ�ȒŊǺ�ċƊȒǺH���ċƊȹ�ȧȴȒōƥɎƚ

șȓ#ËȧȮ SVN ɈɊǺH���ċƊȼÅ|ɡɣɬʃ�řȻɡɣɬʃàÞɎ\ȡȸȝɉȒɑ

ʐɵʊʐɣȝŊŁȧȸȘɈșȹȧȸȝɉŊǺ�ċƊɇ JEPXȜɉǺHɎƸǞȧȒȬɌɎǻƢ

�ȹ�ȧȴÜ&ȧȴȘɋȣȶȝ<Ȝɋȓ 

 

regional Coordination of 
Transmission 

Operators(OCCTO) 

supply system through nationwide and efficient 
management of electricity supply and demand 

balancing beyond the conventional supply areas. 

Power supplier in 
balancing group 

Balancing group aims to avoid paying imbalance fee 
to general electric utilities by supplementing electric 
power with each other when power supply shortage 

is likely to occur within that group. 
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Fig. 3-3 SVN 

 

ĒȹǺH���ċƊȝǻƢ�ȹ�ȧȴƚȸȱȴȘɋȒǺHɎÜ&ȩɋȶȘș'.ȹ�ȩ

ɋǽđƍƢ�Ɏ>ÖȧȮȓǽđƍƢ�ȶȼȒÜ&ȩɋ'.ȻõɃɌɋĸÄȒÄƍɎŘȩɆȻ

ȵȗɋ[23]ȓǽđƍƢ�>ÖȩɋȹȗȮɊȒǺHċņȹȲȘȴƳȧȘ�ǭ�ȶȻƠãpȻ�

ƻɎƚȸȱȮȓǽđƍƢ�>ÖȻȮɅȻ�ƻȻYIƊȶȒ>ÖȥɌȮǽđƍƢ�Ɏ Table 

3-3ȹŘȩȓ2017/10/3Ȼ�ƻȵȼȒɡɣɬʃʄɦɪɯȻ�ǭ� 1�ȶǺHċņȹȲȘȴƳȧ

Ș�ǭ� 1�ȵ�ƻɎƚȘȒǺH��Ɋ�ċƊȝǺHɎÜ&ȩɋȣȶȹ�ȩɋǽđƍƢ�

Ɏ>ÖȧȮȓ2017/10/3Ȼ�ƻȵ>ÖȧȮǽđƍƢ�ɎɆȶȹȒ2017/11/6Ȼ�ƻȵȼȒèȮ

ȸǽđƍƢ�Ȼ>ÖȧȒȬȻƳŲȹȲȘȴƲȧ`ȱȮȓ 
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òųŋȹ>ÖȥɌȮǽđƍƢ�ȶȬȻƳŲɎ Table 3-4ȹŘȩȓǺHƸǞȻĄǊÄȼȒ

©ȘǣÓƌȻ�ȜɉǺėɎƸǞȩɋȣȶȝȵȞɋȜɎŘȩȓ6!ŋȹȼȒJPEXʒ�Ȼ�ċ

ƊţȻșȰSĺȗɋȘȼƠãȻƸǞ3ȜɉȒǺHɎÔȱȴȟɋȣȶȝ]ƍȜȷșȜɎŘȩȓǺ

HǻƢɀȻÁŤÄȼȒƸǞƪŅȶ�ǻƢȻ�ä`ɎƯ�ȩɋȜɎŘȩȓ6!ŋȹȼȒEë

¥}»ȻǻƢ�ȻǻƢ�Oȹ�ÁȩɋȜɎŘȩȓ�řȶȧȴȻÔŹ]ƍÄȼ�þŋȹ�

řɎŵmȧŹȡɋȣȶȝ]ƍȜɎŘȩȓǺH&ŷȻ+ȂÄȼȒțǪȥȚÏȚȽǺėɎįɊȸ

ȟ&ŷȵȞɋȜȒȶȘȱȮÄƍɎɎŘȩȓ�řȻɺʊʐɯÄȼȒ�řȶȧȴȻƱ@ȝȆȘȜɎ

Řȩȓ6!ŋȹȼȒƤĐȝ�ȞȘȜȒeţȵȻɑʄʓɢȼƓȘȜȒŀ~ȹ1ȧȘǺėɎ$

łȧȴȘɋȜȸȷȵĚɃɋȓǺė�ċȻkƈÉɀȻǠ`ÄȼzđǰɇǺH�řȻÜŘ

ȩɋkƈÉȶ�ċȶȻǠ`ȩɋĖĽɎŘȩȓ6!ŋȹȼȒ"FǺHȹɈɋ�ÆǕƿȻʁɑ

ɱʐɛɸɢɲɣȸȷȒ¼þyǺė�ċȶ����Ȼ`ğȶǽ`ğȻĻǯȻ�ċɎȧȴȘȸ

ȘȜɎŘȩȓ�MÎŹȞȻŬ(ÄȼǺHɎBłȩɋïȻ�MÎŹȞȝŬSȜɎŘȩȓ6!

ŋȹȼȒ�ŮȻÎŹȞɎů�!ȯȡȵȼȸȟǺ��!ɎłȘȴƚșȣȶȝȵȞɋȜɎŘȩȓ

ƸǞɝɣɮȻ��Äȼ 1kWhȤȶȻƸǞɝɣɮȻ'ć��ÄɎŘȩȓ6!ŋȹȼȒɝɣɮȝ�

ȟ��ȧȴȘɋ¥}ȜɉǺHɎƸǞȧȴȘɋȜɎŘȩȓȣɌɉȻǽđƍƢ�Ɏ>ÖȧȮȻȰȒ

�ǭ�ȹȷȻÄƍȝǺH���ċƊȹȶȱȴĸȹǨƢȵȗɋȜȒȶȘȱȮɷɏʋʐɛɎƚȱ

ȮȓɷɏʋʐɛȻŶăȒƸǞɝɣɮȻ��ÄȝǺH���ċƊȹĸȹęɅɉɌɋǽđƍƢ�

Table 3-3   

   

2017/9/27 1  

1  

	 	

	 	  

2017/10/3 2  

4  
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ȵȗɋȣȶȝ@íȧȮȓȣɌɉȻ<āȒƸąɎɆȶȹȒúŖŝȹțȡɋǺH���ċȻàÞɡ

ɣɬʃȵȼȒǺHȻƸǞɝɣɮȻ��OȹȲȸȝɋàÞɡɣɬʃȻǮŊɎŎÕȩɆȻȶȩɋȓ 

 

 

 !&��4T 

ê�ȻǺH[²ɻʎɥɣɎƳŲȹ<āȩɋȮɅȒSysMLɨɑɏɛʊʃȻɏɚɬɐɸɬɐs

[24]ɎłȘȴƜľȩɋȓɏɚɬɐɸɬɐsȵȼǘŹŋȸɹʎʓȻ×ɋƑȘɎʅɭʋʐɛȩɋȣȶ

ȝ]ƍȵȗɋȓƨȻ�Șoƨȵɏɚɬɐɸɬɐʔ:ĿʕɎƜȧȒŒUȝȬȻǢŚɎƜȩȓȇ�

ȵɹʎʓȻǮ�ĲɎƜȧȒƘȻŎȻƭ^ȵɏɚɬɐɸɬɐȻų�ĲɎƜȩȓ�ȘżȵƠãȻ

:ĿȝªƚȵƚɍɌɋŦÍȻǮ�ȶų�ɎƜȩȓɏɚɬɐɸɬɐs#ËȻȮɅȒåļƸąȶ

ǺHċņȹȲȘȴƳȧȘ�ǭ�ȶȻƠãpȻ�ƻȹɈɊɏɚɬɐɸɬɐȻ>ÖɎƚȸȱȮȓ

ɏɚɬɐɸɬɐ>ÖȻȮɅȻ�ƻȻYIƊȶ>ÖȥɌȮɏɚɬɐɸɬɐɎ Table 3-5ȹŘȩȓ

2017/9/27ȵȼȒɡɣɬʃʄɦɪɯȻ�ǭ� 1�ȝǺHċņȹȲȘȴƳȧȘ�ǭ� 1�ȹ�

ȧȴƋȞ[ɊɎƚȘȒɏɚɬɐɸɬɐɎ>ÖȧȮȓ2017/9/27ȹ>ÖȧȮɏɚɬɐɸɬɐɎɆȶȹȒ

2017/10/3ȹȼɡɣɬʃʄɦɪɯȻ�ǭ� 2�ȝǺHċņȹȲȘȴƳȧȘ�ǭ� 4�ȹ�ȧ

ȴȒƋȞ[ɊɎƚȘȒǺHȻƸǞȹǰȧȴȒŐ�[²Ȓ¨ïɵɪɚɏɪɻȒ3ħ¥}Ȓɣʀɪɮ

¥}ȒïǯE¥}ȸȷƸǞ3ȻƳȧȘÅ|ȝIɍȱȮȓ 

Table 3-4  

  

 
 

  

  

  

  

 

 

  

 1kWh  
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>ÖȧȮɏɚɬɐɸɬɐȶȥɉȸɋåļƸąɎɆȶȹȒɏɚɬɐɸɬɐsɎ#ËȧȮȓ#ËȧȮ

ɏɚɬɐɸɬɐsɎ Fig. 3-4ȹŘȩȓɃȪȒǺHƸǞȹǰȩɋɏɚɬɐɸɬɐȵȼȒ«ǯȻƸ

ǞƪŅɎşȴɋȮɅȹȒê�ȻȄ�ãȒǜXȻǻƢɭʓɧȸȷȜɉȒóAȻǺHǻƢǩɎ

ĩȩɋȓĩŶăɎɆȶȹ«ǯȻǺHƸǞƪŅɎ#ËȩɋȓǺHƸǞƪŅ#ËȶȼȷȻ

[²ȜɉȷɌȟɉȘȻǺHɎƸǞȩɋȻȜɎĚɅɋȣȶȵȗɋȓ#ËȧȮǺHƸǞƪŅɎɆȶ

ȹŐ�[²Ȓ¨ïɵɪɚɏɪɻȒ3ķ¥}ȵǺHɎƸǞȩɋȓ�ǻƢȻ 2ëEȹȼȒ2ë»

ȻǺHǻƢǩȻĩȶĒȻëȻ JEPX ɣʀɪɮ¥}'ćɎĩɎƚșȓǺHǻƢĩȻŶ

ăȶƸǞĦɄȻǺHǩȜɉȷɌȯȡȻǺHɎƸǞȩɋȻȜɎĚɅȒɣʀɪɮ¥}'ćĩŶ

ăȶ�Ȼ[²ȵȻ'ćȶĖǌȩɋȣȶȵȒȷȻ[²ȵȷɌȟɉȘȻG`ɎƸǞȩɋȻȜɎĚ

ɅȒǺHƸǞƪŅɎ#Ëȩɋȓ#ËȧȮǺHƸǞƪŅɎɆȶȹŐ�[²Ȓ¨ïɵɪɚɏɪ

ɻȒɣʀɪɮ¥}ȵǺHɎǄ4ȩɋȓ�ǻƢȻ¶ëȹȼȒǒǺ�ċƊȜɉǒɉɌȴȟɋǺH

Ĥǃǖ|.ɎŗƴȧȒǺHƸǞǩɈɊɆǻƢȝ�pɊȬșȸïȼȒïǯE¥}ȵǺHɎǄ4

ȩɋȜȒɵʊʐɡʐɛɛʌʓɻ7Ȼ�ȻǺH���ċƊȜɉǺHɎǄ4ȩɋȓĒȹǺHǀ

�ȹǰȩɋɏɚɬɐɸɬɐȹȲȘȴƶíȩɋȓɃȪȼȨɅȹǜXȻǻƢ�ȻǺHĤǃɶɧʓ

Table 3-5  

   

2017/9/27 
1  

1  

	JEPX

	

	 	

	  

2017/10/3 
2  

4  

	JEPX
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ʐɎ<āȧȒǻƢ�ȻĤǃɶɧʓʐȹ`ɍȫȮǺėæǪɻʊʐɎ#ËȩɋȓȬȻ»Ǻėæ

ǪɻʊʐɎɆȶȹȒ�ŮǺH 500kW��Ȼ£}ɇɸʌȸȷȻȆvǺHǻƢ�ȶ�ŮǺH

500kWøīȻ�ƒ�°ȸȷȻ vǺHǻƢ�ȶ�ŮɎŶȾǺHɎǀ�ȩɋȓ 

 

 

3.3ȵǐɁȮǕɊȒB�ǰ)Ɗ<āȹțȘȴȒƸǞɝɣɮȻ��OȝĸȹǨƢȵȗɋȶȘș

ÇƣɎ½ɋȣȶȝȵȞȮȓ�ǻƢȻãʑóEȻǺHƸǞƪŅ#ËȵȼȒóAǺHǻƢǩȻ

ŭ¯ȝ ȘȮɅȒƸǞ�ǈȹȸɉȸȘɈșȹ��ǩȻǺHɎƸǞȩɋǺHƸǞƪŅȻ#Ë

ȹȸɋȓȣȻĕǶȵȼȒƸǞɝɣɮȻ��OţȼƉÊȥɌȸȘȓ�éȒ�ǻƢŏEȻǺHƸ

ǞƪŅ#ËȵȼȒǻƢǩȻĩŭ¯ȝȆɃɊȒɣʀɪɮ'ćȻĩȶ`ɍȫɋȣȶȵȒ�Ș[

²3Ȝɉ��ŋȹǺHɎƸǞȩɋȣȶȝ]ƍȹȸɊȒƸǞɝɣɮȻ��OȹƁȝɋȓȣȻȣȶ

ȜɉȒúŖŝȵȼ�ǻƢŏEȻǺHƸǞƪŅ#ËȹĠŎȩɋȓ�ǻƢŏEȻǺHƸǞƪ

Ņ#ËȹȼȒȬȻŏEȵȻɣʀɪɮ'ćȻĩȶȒǺHǻƢĩȝÀƢȵȗɋȓɈȱȴúŖ

ŝȵȼȒȬɌɉ 2ȲȻĩȹ{ȳȞȒǺHƸǞƪŅĈɎÜŘȩɋȣȶȵȒǺH���ċƊ

ȻƸǞƪŅ#ËȻàÞɎƚșɡɣɬʃɎǮŊȩɋȓ 

 

Fig. 3-4  
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 KV��ML���# 

ÜĈȩɋàÞɡɣɬʃɎ Fig. 3-5ȹŘȩȓÜĈɡɣɬʃȼȒɣʀɪɮ'ćȻĩɡɣɬʃȒ

ǺHǻƢǩȻĩɡɣɬʃȒǺHƸǞƪŅ#ËàÞɡɣɬʃȻ 3ȲȻɡɣɬʃȜɉčËȥ

Ɍɋȓ 

ɣʀɪɮ'ćȻĩɡɣɬʃȵȼȒǜXȻɣʀɪɮ'ćɇǜXȻėƼɭʓɧȒĶæ'ćɎɆ

ȶȹɣʀɪɮ'ćȻĩʅɭʌɎ#Ëȩɋȓ#ËȧȮĩʅɭʌȹȒɑʐɻɪɮɭʓɧȶȧȴ

ĩ�ƼëȻėƼ|ɭʓɧȶĶæ'ćɭʓɧɎ4HȩɋȶȒɏɒɮɻɪɮɭʓɧȶȧȴɣ

ʀɪɮ'ćȻĩ.ȝ;HȥɌɋȓ 

ǺHǻƢȻĩɡɣɬʃȵȼȒǜXȻǺHǻƢǩɇǜXȻėƼɭʓɧɎɆȶȹǺHǻƢ

ǩȻĩʅɭʌɎ#Ëȩɋȓ#ËȧȮĩʅɭʌȹȒɑʐɻɪɮɭʓɧȶȧȴĩ�ƼëȻ

ėƼ|ɭʓɧɎ4HȩɋȶȒɏɒɮɻɪɮɭʓɧȶȧȴǺHǻƢǩȻĩ.ȝ;HȥɌɋȓ 

ƸǞƪŅ#ËàÞɡɣɬʃȵȼȒǺHǻƢĩ.Ȓɣʀɪɮ'ćĩ.ȜɉƸǞȝÀƢ

ȸǺHǩȶ_[²ȵȻǺH'ćɎƥƦOȩɋȓʈʓɠʓȼƥƦOȥɌȮÅ|ɎɆȶȹȒƸ

ǞƪŅǩȶȒ¨ï BUȒŐ�[²ȻƸǞǩ`ƪ.ɎȒƸǞƪŅĈȶȧȴɡɣɬʃȹ4Hȩ

ɋȓàÞɡɣɬʃȵȼȒ4HȥɌȮƸǞƪŅĈȹ�ȧȴȒ1kWhȗȮɊȻƸǞɝɣɮȒƸǞɝɣ

ɮȻªxȒƸǞɝɣɮȻ�L©ɎƮƪĈȹ�ȩɋƱ'ȶȧȴ;Hȩɋȓ;HŶăɎɆȶȹȒ

ʈʓɠʓȼ9¯4H.ɎĚɅȒȬȻ;HɎŗƴȩɋȓȣȻ#ċɎƃɊǏȩȣȶȵȒʈʓɠʓ

ȼòųŋȸƸǞƪŅɎÇÂĚ�ȩɋȓ 
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Fig. 3-5  

 �� 

úŠȵȼǺHċņȹƳȧȘ�ǭ�ȶȶɆȹǺHċņȻB�ǰ)ƊȻ<āɎƚȸȱȮȓ<

āȻŶăȒúŖŝȵǮŊȩɋɡɣɬʃȻŎŋɎȒǺH���ċƊȻƸǞɝɣɮȻ��Oȶ

�ɅȮȓĒȹǺHċņȹƳȧȘ�ǭ�ȶȶɆȹǺH��ɊɻʎɥɣȻ<āɎƚȱȮȓ<āȻ

ŶăȻ{ȳȞȒɣʀɪɮ'ćȻĩȶȒǺHǻƢĩȹ{ȳȟȒƸǞȝÀƢȸǺHǩȶ_[

²ȵȻǺH'ćɎƥƦOȶȒʈʓɠʓȻƮƪĈȹ�ȩɋƱ'Ɏ;HȩɋȣȶȵȒǺH��

�ċƊȻƸǞƪŅ#ËȻàÞɎƚșɡɣɬʃɎÜĈȧȮȓ 
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úŠȵȼŢ 3ŠȻ Fig. 3-5ȹŘȧȮȒàÞɡɣɬʃȻɻʎɮɧɑɻɎ#ËȩɋȓàÞɡɣɬ

ʃȵȼȒʈʓɠʓȼƥƦOȥɌȮÅ|ɎɆȶȹȒƸǞƪŅǩȶȒ¨ï BUȒŐ�[²ȻƸǞ

ǩ`ƪ.ɎȒƸǞƪŅĈȶȧȴɡɣɬʃȹ4Hȩɋȓʈʓɠʓȝ4Hȩɋ4H.ȼ 4.4.4Ȼ

Table 4-10ȵŘȩȓàÞɡɣɬʃȵȼȒ4HȥɌȮƸǞƪŅĈȹ�ȧȴȒ1kWhȗȮɊȻƸ

ǞɝɣɮȒƸǞɝɣɮȻªxȒƸǞɝɣɮȻ�L©ɎƮƪĈȹ�ȩɋƱ'ȶȧȴ;Hȩɋȓà

Þɡɣɬʃȝ;Hȩɋ.ȼȒ4.4.4Ȼ(4.8)Ȓ(4.10)Ȓ(4.11)Ȓ(4.12)ȹŘȩȓ;HŶăɎɆȶȹȒ

ʈʓɠʓȼ9¯4H.ɎĚɅȒȬȻ;HɎŗƴȩɋȓȣȻ#ċɎƃɊǏȩȣȶȵȒʈʓɠʓ

ȼòųŋȸƸǞƪŅɎÇÂĚ�ȩɋȓ 

àÞɡɣɬʃȹÀƢȸđƍȶȧȴȒǺHǻƢǩĩȻđƍȹȲȘȴ 4.2ȵǐɁȒǺH¥

}'ćĩȹȲȘȴ 4.3ȵǐɁȒǺH���ċƊȻǺHƸǞƪŅşĈƞJȻđƍȹȲȘ

ȴ 4.4ȵǐɁȒɻʎɮɧɑɻȻ#ËɎƚșȓ 

 u6vjr�*\ 

4.2.1 .]���(� 

ǺHǻƢǩȶėĨȒĪ¯Ȓ�-ȸȷȻėƼÅ|ȼŐǰȝµȘ[25]ȣȶȜɉȒėƼÅ|ȼǺ

HǻƢǩɎĩȩɋǷȹɈȟ$ɍɌɋȓúŖŝȵȼėƼÅ|ɎĩȻǷȹłȘɋ4H�ã

ȶȩɋȓ6!ŋȹȼȒėƼ¬ȝÜ&ȧȴȘɋÿ�ǦR�ŃQȻǜXȻėƼɭʓɧ(ėĨȒŐ

�Ī¯Ȓë�ïǯȒȅǖ)[26]ȻșȰȒ1ïǯȤȶȹƪĩȥɌȮɭʓɧɎłȘɋȓĩ�Ƽȶ

ȩɋǺHǻƢǩȶȧȴȒÿ�ǺHɶʏʓɛʋɪɯȝÜ&ȧȴȘɋÿ�ǺHŨǍ7ȻǺHǻƢ

ǩȻɭʓɧ[27]ɎłȘɋȓȣȰɉɆ 1ïǯȤȶȹƪĩȥɌȮɭʓɧɎłȘɋȓ 
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Table 4-1  

  

[ ] 

[%] 
[mm] 

[h] 

[m/s] 

[26] 

[ kW] [27] 
 

 

4.2.2 .]���%�$�# 

úŖŝȵȼ Papadopoulos ɉ[6]ȒWang ɉ[7]ȒMayrink ɉ[8]ȒȬȧȴ Kim ɉ[9]ɎYƉȹĚ

�÷p§ɎɽʓɣȶȧȮȒ´�ƈnɎǓĒŋȹčūȧȴȘȟNǧɺʓɣɬɐʐɛĚ�÷p§

ɎłȘȴǺH'ćȻĩɎƚșȓ 

NǧɺʓɣɬɐʐɛĚ�÷p§ȹȲȘȴƶíȩɋȓ,Ē2Ȼ�ƈɭʓɧ4H.{PY}>
ZȒ 

�ƈɭʓɧ;H.{MY}>
ZɎɆȶȹĚ�÷Ɏ#Ëȩɋȶȩɋȓ#ËȧȮĚ�÷ȵȼȒ4H.PɎ

�ȚɋȶȒčǗȻɮɪɻȹȗɋĆɳʓɯȜɉɣɧʓɮȧȒ_ɳʓɯȻ@�{ĭȹ¼Șȸȝɉĸ�

ȻùšȻƖɳʓɯ%ȹƕȰȴȘȟȓƖɳʓɯ%ȝƜȩȁzℛ<ȹdɃɌɋ�ƈɭʓɧãɎGℛ[ȶ

ȧȒƖɳʓɯ%ȵȻĩ.\<Ɏ(4.1)ȹŘȩǕɊȒℛ<7ȹdɃɌɋ;H.MȻªx.ȶȩɋȓ 

 

 

Ě�÷p§ɎɽʓɣȶȧȮĚ�÷p§ɎɽʓɣȶȧȮȒ´�ƈnɎǓĒŋȹčūȧȴȘȟ

Gradient BoostingȻɏʌɞʋɤʃɎ��ȹŘȩȓ 

(1)?ö. ]̂ (P) = 0 

(2),Ē2Ȼ�ƈɭʓɧ4H.{PY}>
Z, �ƈɭʓɧ;H.{MY}>

Z 

(3)For ` = 1 to a 

(ɏ) For T = 1 to G 

Ȑ Ĕ¤ bYc = MY − ]cd>(PY)  

ȑ Ĕ¤{bYc}>ZɎ�ƈɭʓɧ;H.ȶȩɋ`úŎȻĚ�÷Ɏ#Ëȩɋȓ 

\< =
1

Gℛ[
N M

e[∈ℛ[

	 (4.1) 
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(ɑ) ]c(P) = ]cd>(P) + f\<cɎñèȩɋȓ 

(4)ĩ. ]g(P) = ]h(P) 

�ƭȻɏʌɞʋɤʃȻșȰȒ(3)Ȼ(ɏ)ȻȑȹŘȩĚ�÷ȻčǗɎĚɅɋɏʌɞʋɤʃɎ�

�ȹŘȩȓ!cieȼ 1ȲȻĚ�÷ȹŁËȩɋò�ȻùšƖɳʓɯãɎŘȩƮ�.ȵȗɋȓ 

(1) ,Ē2Ȼ�ƈɭʓɧ4H.{PY}>Z, �ƈɭʓɧ;H.{MY}>
Z 

(2) ùšȻƖɳʓɯã?ö. ! = 1 

(3) While ! = !cie 

(ɏ) For	% = 1	to	! 

Ȑ %ňŎȻùšɳʓɯȻĩ.ȶ�ƈɭʓɧȻ�
Ƶ¤i&<ɎęɅɋȓ 

 

 

ȑ %ňŎȻùšɳʓɯȻȁzℛ<7ȵȻèȮȸ<GɎƉȚɋȓ 

Gℛ[ = GcYOȸɉȽų� 

For	, = 1	to	m  

1. ȁzℛ<7Ȼ�ƈɭʓɧɎ((F)ȵɦʓɮȩɋȓ 

2. For	- = 1	to	Gℛ[ − 1 

(ɏ) ɦʓɮȧȮ�ƈɭʓɧȻ	-ňŎȶ- + 1ňŎȻ�ƈɭʓɧȻǯɎ<Ǹ
ȧȮïȻȹȵȞɋèȮȸȁzɎℛ<_(?,O)Ȓℛ<_(?,Oo)ȶȩɋȓ�
Ƶ¤i

+<?Oȼ(4.3)ȹŘȩ±ȵęɅɋȓ 

 

 

(ɑ) &< + +<_?OɎò�ȹȩɋɳʓɯ%ȹțȘȴȒèȮȹ((F)Ȼ-ňŎȶ- + 1ňŎȻ.Ȼª

x.ɎǱ.ȶȧȴɳʓɯɎ<Gȩɋȓ 

(ɒ) ùšȻƖɳʓɯãñè ! = ! + 1 

 

&< = N pM − \<q
X

e[∈ℛ[

	 (4.2) 

+<?O = ∑ pM − \<_(?,O)q
X

e[_(s,Q)∈ℛ[_(s,Q)
+∑ pM − \<_(?,Oo)q

X
e[_(s,Q)∈ℛ[_(s,Qo)

	 (4.3) 
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4.2.3 �(��NF 

úŖŝȵȼföÄȻȗɋɭʓɧȻĸ¿ɎĚ�÷ȹ�ƈȥȫɋȮɅȒLaurince ɉ[5]ɎYƉ

ȹ 1ëȻïDȻʊɽʌȶʖ«ǯȻë�ȻʊɽʌɎ(4.4)Ȓ(4.5)ȻɈșȹē³Ȓ"³Ȼ·ȵƜľ

ȩɋȓä·ȧȮʊɽʌɎ Table 4-2ȒTable 4-3ȹŘȩȓ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1sin 1
25T

48
9 , cos 1

25T

48
99

Y=>

tu

	
(4.4) 

1sin 1
25%

365
9 , cos 1

25%

365
99

<=>

xyz

	 (4.5) 
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Table 4-2 1  

 Time  Time step (i) cosθ sinθ 

0:00-0:30   1 0.99144486 0.13052619 

0:30-1:00 2 0.96592583 0.25881905 

1:00-1:30 3 0.92387953 0.38268343 

1:30-2:00 4 0.8660254 0.5 

2:00-2:30 5 0.79335334 0.60876143 

2:30-3:00 6 0.70710678 0.70710678 

3:00-3:30 7 0.60876143 0.79335334 

3:30-4:00 8 0.5 0.8660254 

4:00-4:30 9 0.38268343 0.92387953 

4:30-5:00 10 0.25881905 0.96592583 

5:00-5:30 11 0.13052619 0.99144486 

5:30-6:00 12 0 1 

6:00-6:30 13 -0.1305262 0.99144486 

6:30-7:00 14 -0.258819 0.96592583 

… … … … 

22:30-23:00 46 0.96592583 -0.258819 

23:00-23:30 47 0.99144486 -0.1305262 

23:30-24:00 48 1 0 
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Ě�÷Ȼ#ËȻȮɅȒĨ¯ȒŐ�Ī¯ȒǳĘǩȒë�ïǯȒȅǖȒïǯ"³ʊɽʌȒï

Dē³ʊɽʌȒë�"³ʊɽʌȒë�ē³ʊɽʌȻ 9Ē2Ȼ�ãȶǺHǻƢǩɎ�ƈɭʓ

ɧȶȧȴłȘɋȓĚ�÷#ËȻȮɅȹłȘɋ�ƈɭʓɧɎ Table 4-4ȹŘȩȓ 

 

 

 

 

 

 

 

Table 4-3  

Date Date step (j) cos sin 

4/1 1 0.99985184 0.01721336 

4/2 2 0.9994074 0.03442161 

4/3 3 0.99866682 0.05161967 

4/4 4 0.99763031 0.06880243 

4/5 5 0.99629817 0.0859648 

4/6 6 0.99467082 0.1031017 

4/7 7 0.99274872 0.12020804 

4/8 8 0.99053245 0.13727877 

4/9 9 0.98802267 0.15430882 

4/10 10 0.98522011 0.17129314 

4/11 11 0.98212561 0.18822671 

4/12 12 0.97874008 0.2051045 

4/13 13 0.97506453 0.22192151 

4/14 14 0.97110005 0.23867277 

… … … … 

3/29 363 0.9994074 -0.0344216 

3/30 364 0.99985184 -0.0172134 

3/31 365 1 0 
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4.2.4 eD�m/ 

úŖŝȵȼȒǺHǻƢǩĩȻŭ¯ȻÕďȹ Root Mean SquareError(RMSE)ɎłȘɋȓ

RMSEɎ(4.6)ȵŘȩ±ȵƜȩȓ	

 

 

úŖŝȵȼȒOppedal ɉ[30]ɎYƉȹ Nested cross validationɎłȘȴĩŭ¯ȻƱ'Ɏ

ƚșȓNested cross validationȻČƢɎ Fig. 4-1ȹŘȩȓ 

 

Table 4-4  

Name Value 
 (>

(>) (X
(>) … (Z

(>) 
 (>

(X) (X
(X) … (Z

(X) 
 (>

(x) (X
(x) … (Z

(x)

 (>
(t) (X

(t) … (Z
(t)

 (>
(z) (X

(z) … (Z
(z) 

 (>
(y) (X

(y) … (Z
(y) 

 (>
({) (X

({) … (Z
({) 

 (>
(u) (X

(u) … (Z
(u) 

 (>
(|) (X

(|) … (Z
(|) 

 6> 6X … 6Z 
 

}a~� = N(MO − ]gO(P))
X

Z

O=>

	
(4.6) 
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Fig. 4-1 Nested cross validation  

 

Nested cross validationȵȼɭʓɧɥɪɮɎ Outer loopȻɮʍʓɱʐɛɭʓɧȶɬɣɮɭʓɧ

ȹ<GȩɋȓOuter loopȻɮʍʓɱʐɛɭʓɧɎȥɉȹ Innter loopȻɮʍʓɱʐɛɭʓɧȶɬ

ɣɮɭʓɧȹ<GȩɋȓInner loopȻɮʍʓɱʐɛɭʓɧɎłȘȴĚ�÷ʅɭʌɎ#ËȧȒɴ

ɑɶʓɶʊʄʓɧȻòǠOɎƚșȓŪrɎĚɅȴʊʐɨʃɟʓɩɎƚȘȒRMSEɎò�ȶȩɋ

ɴɑɶʓɶʊʄʓɧɎÙŰȩɋȓInner loopȻɬɣɮɭʓɧɎłȘȴȒ#ËȧȮĚ�÷ʅɭʌ

ȶòǠOȧȮɴɑɶʓɶʊʄʓɧȻŭ¯ɎĊưȩɋȓĊưȼ Inner loopȻ5<Gɶɧʓʐȹ

ȲȘȴƚșȓ5<GɶɧʓʐȻ�ȵȒòɆ RMSEȝ�ȥȟȸɋɴɑɶʓɶʊʄʓɧȶĚ�÷ʅ

ɭʌɎǣÓȧȒOuter loopȻɬɣɮɭʓɧɎłȘȴŭ¯ɎĊưȩɋȓĊưȼ Outer loopȻ5

<GɶɧʓʐȹȲȘȴƚșȓ5<GɶɧʓʐȻ�ȵȒòɆ RMSEȝ�ȥȟȸɋɴɑɶʓɶʊ

ʄʓɧȶĚ�÷ʅɭʌɎłȘȴĩɎƚșȓòǠOȩɋɴɑɶʓɶʊʄʓɧɎ Table 4-5ȹŘ

ȩȓ 
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Maximum number of leaves per treeȼ 1ȲȻ÷ȵ#ËȥɌɋùšƖɳʓɯãȻò�
.ɎŘȩȓãɎ�ɇȩȶŭ¯Ȼc�ȝö¹ȵȞɋ�éȵȒǜ�ƈȶɮʍʓɱʐɛïǯȝǬȟ

ȸɋȣȶȻʗȲȻʋɣɚȝȗɋȓLearning rateȼ�ƈĽɎŘȧȒ0Ȝɉ 1ȻǯȻ.ȵ�ƅȩ

ɋȓTotal number of trees constructedȼ#ËȥɌɋĚ�÷ȻúãɎŘȩȓãɎ�ɇȩȶ
ŭ¯Ȼc�ȝö¹ȵȞɋ�éȵȒǜ�ƈȶɮʍʓɱʐɛïǯȝǬȟȸɋȣȶȻʗȲȻʋɣɚȝȗ

ɋȓMinimum number of samples per leaf nodeȼùšƖɳʓɯȹdɃɌɋò�Ȼɟʐ

ɻʌãɎŘȩȓ 

 JEPX�"��B=/U�*\ 

4.3.1 .]���(� 

Gonzalez ɉ[11]ȼǺHǻƢǩȶĶæ'ćɎǨƢȸ�ãȶȧȴÖȢȴȘɋȓȬȣȵúŖŝ

ȵȼȒǻƢǩĩȻǷȹłȘɋėƼɭʓɧȹIȚȒŊǺȹÀƢȸĶæȻ'ćɎɣʀɪɮ'

ćɎĩȩɋǷȹłȘɋ4H�ãȶȩɋȓĶæ'ćȶȧȴȼȒFig. 4-2ȹŘȩǕɊŊǺǩȻ

Table 4-5  

Parameter Description 

Maximum number of leaves per 
tree, ! 

1

	

 

Learning rate, f 	0 1

 

Total number of trees 
constructed, a 	

 
Minimum number of 

samples per leaf node, GcYO  
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�ȟɎTɅɋŕĜȒŕıȒ�ĴɘɣȻ'ćɎłȘɋȓ6!ŋȹȼȒɑʐɽɣɬɐʐɛʒɯɪɮɝʃ

[29]ȝÜ&ȧȴȘɋȒWĜ(WTI)3ķ[²'ćȒŕı3ķ[²'ćȒ�Ĵɘɣ3ķ[²'

ćȻ 1ëȻų.ɎȬȻëɎĸ¿�ȡɋɭʓɧȶȧȴłȘɋȓĩ�ƼȶȩɋǺHǻƢǩȶȧ

ȴȒJEPX[31]ȝÜ&ȧȴȘɋ JEPX ɣʀɪɮ'ćɎłȘɋȓ30<ȤȶȹQ=ɉɌȮ 1ë 48 ɝ

ʁ<Ȼɣʀɪɮ'ćȻɭʓɧȵȗɋȓ 

 

 

Fig. 4-2 [28] 
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4.3.2 .]���%�$�# 

úŖŝȵȼǺHǻƢǩĩȶaĎȹĚ�÷p§ɎɽʓɣȶȧȮȒ´�ƈnɎǓĒŋȹč

ūȧȴȘȟ Gradient BoostingɎłȘȴǺH'ćȻĩɎƚșȓɏʌɞʋɤʃȼ 4.2.2 ȶaĎ

ȵȗɋȓ 

 

4.3.3 �(��NF 

úŖŝȵȼföÄȻȗɋɭʓɧȻĸ¿ɎĚ�÷ȹ�ƈȥȫɋȮɅȒLaurinec ɉ[5]ɎYƉ

ȹ 1ëȻïDȻʊɽʌȶʖ«ǯȻë�ȻʊɽʌɎē³Ȓ"³Ȼ·ȵƜľȩɋȓä·ȧȮʊɽ

ʌȼ Table 4-2ȒTable 4-3 ȶaĎȵȗɋȓ 

Ě�÷Ȼ#ËȻȮɅȒĨ¯ȒŐ�Ī¯ȒǳĘǩȒë�ïǯȒȅǖȒWĜ(WTI)3ķ[²

'ćȒŕı3ķ[²'ćȒ�Ĵɘɣ3ķ[²'ćȒïD"³ʊɽʌȒïDē³ʊɽʌȒë

�"³ʊɽʌȒë�ē³ʊɽʌȻ 12Ē2Ȼ�ãȶ JEPX ɣʀɪɮ'ćɎ�ƈɭʓɧȶȧȴ

łȘɋȓĚ�÷#ËȻȮɅȹłȘɋ�ƈɭʓɧɎ Table 4-4ȹŘȩȓ 

 

 

 

 

Table 4-6  

$łȩɋɭʓɧ Yĵ2 

ėĨ[ȏ] 

Ő�Ī¯[%] 

ǳĘǩ[mm] 

ë�ïǯ[h] 

ȅǖ[m/s] 

tu�ǕőėƼ¬ HP[26] 

WĜ(WTI)3ķ[²'ć[$] 

ŕı3ķ[²'ć[$] 

�Ĵɘɣ3ķ[²'ć[$] 

ɑʐɽɣɬɐʐɛʒɯɪɮɝʃ HP[29] 

JEPX ɣʀɪɮ'ć[8/kWh] JEPX HP[31] 
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4.3.4 eD�m/ 

úŖŝȵȼȒǺH'ćĩȻŭ¯ȻÕďȹ Root Mean SquareError(RMSE)ɎłȘɋȓ

RMSEȼ(4.6)ȵŘȧȮ±ȶaĎȵȗɋȓ 

úŖŝȵȼȒOppedal ɉ[30]ɎYƉȹ Nested cross validationɎłȘȴĩŭ¯ȻƱ'Ɏ

ƚșȓNested cross validationȻČƢȼ Fig. 4-1ȹŘȧȮɆȻȶaĎȵȗɋȓǠOȩɋɴɑ

ɶʓɶʊʄʓɧɆ Table 4-5ȹŘȧȮɆȻȶaĎȵȗɋȓ 

 

Table 4-7  

Name Value 
 (>

(>) (X
(>) … (Z

(>) 
 (>

(X) (X
(X) … (Z

(X) 
 (>

(x) (X
(x) … (Z

(x)

 (>
(t) (X

(t) … (Z
(t)

 (>
(z) (X

(z) … (Z
(z) 

(WTI)  (>
(y) (X

(y) … (Z
(y) 

 (>
({) (X

({) … (Z
({) 

 (>
(u) (X

(u) … (Z
(u) 

 (>
(|) (X

(|) … (Z
(|) 

 (>
(>^) (X

(>^) … (Z
(>^) 

 (>
(>>) (X

(>>) … (Z
(>>) 

 (>
(>X) (X

(>X) … (Z
(>X) 

JEPX  6> 6X … 6Z 
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 u6npk^ML���# 

4.4.1 Xj 

ǺHƸǞƪŅàÞɡɣɬʃȻČƢsɎ Fig. 4-3ȹŘȩȓ 

 

 

Fig. 4-3  

 

àÞɡɣɬʃȼǺHǻƢǩĩ.ȜɉƸǞȝÀƢȸǺHǩɎ;HȩɋȓʈʓɠʓȼƸ

ǞƪŅǩɎĚɅɋȮɅȹȒƸǞȝÀƢȸǺHǩɎYĵȩɋȓƸǞȝÀƢȸǺHǩȼǺHǻ

Ƣǩĩ.ȻƵ¤<ȯȡȒ©ɎÔȮȫȴƜľȧȴȘɋȓɃȮȒàÞɡɣɬʃȼǺH'ćĩ

.Ȝɉ_[²ȵȻǺH'ćɎ;HȩɋȓƸǞȝÀƢȸǺHǩȻ;HȹǰȧȴȒ4.4.24.4.2

ȵǐɁɋȓʈʓɠʓȼŐ�[²Ȓ¨ïɵɪɚɏɪɻȵȻ[²ǩɎĚɅɋȮɅȹȒ_[²ȵȻ

ǺH'ćɎYĵȩɋȓɣʀɪɮ'ćȼǺH'ćĩ.ȻƵ¤<ȯȡȒ©ɎÔȮȫȴƜľȧ
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ȴȘɋȓ_[²ȵȻǺH'ćȻ;Hȹǰȧȴ 4.4.3ȵǐɁɋȓʈʓɠʓȼƸǞƪŅǩȶŐ

�[²Ȓ¨ïɵɪɚɏɪɻȵȻ[²ǩɎ�ñȩɋȣȶȝ]ƍȵȗɊȒȬɌȝƸǞƪŅĈȶȸ

ɋȓ4HȥɌȮƸǞƪŅĈȹ�ȧȴȒ1kWhȗȮɊȻƸǞɝɣɮȒƸǞɝɣɮȻªxȒƸǞɝɣ

ɮȻ�L©ɎƮƪĈȹ�ȩɋƱ'ȶȧȴ;Hȩɋȓ;HŶăɎɆȶȹȒʈʓɠʓȼ9¯4H

.ɎĚɅȒȬȻ;HɎŗƴȩɋȓȣȻ#ċɎƃɊǏȩȣȶȵȒʈʓɠʓȼòųŋȸƸǞƪŅ

ɎÇÂĚ�ȩɋȓ 

 

4.4.2 np�Gj	u6r�36 

ƸǞȝÀƢȸǺHǩȻ;Hȵ$łȩɋ�ãɎ Table 4-8ȹŘȩȓ 

 

 

ɧɑʃɣɬɪɻ-ȵȻǺHǻƢǩĩ.ɎmO_ÄÅÇÉÑÖÜáȒǺHǻƢǩĩȻ RMSEɎà?ȶȩ

ɋȓmO_ÄÅÇÉÑÖÜáȹà?ɎIȚȮɆȻɎǻƢǩò�.mO_cieȶƜľȧȒmOÄ_ÅÇÉÑÖÜáȜɉà?Ɏ²ȘȮ

ɆȻɎmO_cYOȶƜľȩɋȓɃȮȒêȹƸǞĦɄȻǺHǩɎâO_äÖÜáȶȩɋȓʈʓɠʓȼ�Eȹ

êȹƸǞĦɄȻǺHǩɎ4HȩɋȣȶȝÀƢȵȗɋȓƸǞȝÀƢȸǺHǩò�.ȼmO_cie

ȜɉâO_äÖÜáɎ²ȘȮɆȻȶȧȴƜľȩɋȣȶȝȵȞȒƸǞȝÀƢȸǺHǩò�.ȼmO_cYOȜɉ

âO_äÖÜáɎ²ȘȮɆȻȶȧȴƜľȩɋȣȶȝȵȞɋȓâO_cieȶâO_cYOɎƸǞȝÀƢȸǺHǩȶȧ

ȴ;Hȩɋȓ 

 

Table 4-8  

  
mO_ãåçéèi@ê  

à? RMSE 
mO_cie = 	mO_ãåçéèi@ê + à?  
mO_cYO = 	mO_ãåçéèi@ê − à?  

âO_ëi@ê  
âO_cie = 	mO_cie − âO_ëi@ê  
âO_cYO = 	mO_cYO − âO_ëi@ê  
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4.4.3 98E��u6/U�36 

ƸǞȝÀƢȸǺHǩȻ;Hȵ$łȩɋ�ãɎ Table 4-8ȹŘȩȓ 

 

 

ɧɑʃɣɬɪɻ-ȵȻɣʀɪɮ¥}'ćĩ.Ɏ~OÄÅÇÉÑÖÜáȒɣʀɪɮ'ć¥}ĩȵȻ

RMSEɎà@ȶȩɋȓ~OÄÅÇÉÑÖÜáȹà@ɎIȚȮɆȻɎɣʀɪɮ'ćĩò�.~O_cieȶƜľȧȒ

~OÄÅÇÉÑÖÜáȜɉà@Ɏ²ȘȮɆȻɎɣʀɪɮ'ćĩò�.~O_cYOȶƜľȩɋȓŐ�[²ȵȻǺ

H'ćɎíOȶƜľȧȒ¨ïɵɪɚɏɪɻȵȻǺH'ćɎ!OȶƜľȩɋȓʈʓɠʓȼ�Eȹê

ȹɎŐ�[²ȵȻǺH'ćȶ¨ïɵɪɚɏɪɻȵȻǺH'ć4HȩɋȣȶȝÀƢȵȗɋȓ_

[²ȵȻǺH'ćȶȧȴȒ~O_cie, ~O_cYO, íO, !OɎ;Hȩɋȓ 

 

4.4.4 npk^V�m/ 

4HȥɌȮƸǞƪŅĈȹ�ȧȴȒ1kWhȗȮɊȻƸǞɝɣɮȒƸǞɝɣɮȻªxȒƸǞɝɣɮ

Ȼ�L©ɎƮƪĈȹ�ȩɋƱ'ȶȧȴ;HȩɋȓǺHƸǞƪŅȵʈʓɠʓȝĚɅɋ�ãɎ

Table 4-10ȹŘȩȓ 

 

 

 

 

 

 

Table 4-9  

  
~O_ãåçéèi@ê  

à@ RMSE 
~O_cie = 	~O_ãåçéèi@ê + à@  
~O_cYO = 	~O_ãåçéèi@ê − à@  

íO  

!O  
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ƸǞƪŅǩɎ(OȶƜľȩɋȓɃȮ¨ïɵɪɚɏɪɻȵȻǄ4ǩɎ%OȶƜľȧȒŐ�[²ȵ

ȻǄ4ǩɎìOȶƜľȩɋȓȣɌɉȻ�ãȼʈʓɠʓȝƎ<ȵ�ñ]ƍȸ.ȵȗɊȒȣɌɉɎ

Ě�ȩɋȶ 1ȲȻƸǞƪŅĈȶȸɋȓʈʓɠʓȼȒƸǞȝÀƢȸǺHǩȶ_[²ȵȻǺH

'ćɎYƉȹȧȴȒ�ȘɆȧȟȼ��ȧȮƸǞɝɣɮȹȸɋɈșȹ�ãɎĚɅɋȓɧɑʃɣɬɪ

ɻ-ȵȻƸǞɝɣɮò�.îO_cYOɎ(4.7)ȻɈșȹƜȩȓ 

 

 

Ő�[²ȵȻƸǞɝɣɮȶȒ¨ïɵɪɚɏɪɻȵȻƸǞɝɣɮɎƪŧȩɋȓƸǞƪŅǩȜɉ

Ő�[²ȵȻǄ4ǩȶȒ¨ïɵɪɚɏɪɻȵȻǄ4ǩɎ²ȘȮǩȝȒɣʀɪɮ'ćȵȻǄ4

ǩȹȸɋȓɣʀɪɮ¥}ȵ4ûȧȴ�ň�ȟŮ�ȧȮ}`Ȼ'ćȝ~O_cYOȵȗɋȮɅȒ~O_cYO

ɎǄ4'ćȶȩɋȓȬɌɉɎȩɁȴǈȧȮ.ȝƸǞɝɣɮò�.ȹȸɋȓɃȮʖkWhƸǞȩɋ

ȻȹÀƢȸƸǞɝɣɮȻò�.ïO_cYOɎ(4.8)ȵƜȩȓ 

 

 

Ēȹɧɑʃɣɬɪɻ-ȵȻƸǞɝɣɮò�.îO_cieɎ(4.9)ȻɈșȹƜȩȓ 

 

 

Ő�[²ȵȻƸǞɝɣɮȶ¨ïɵɪɚɏɪɻȵȻƸǞɝɣɮɎƪŧȩɋȓƸǞƪŅǩȜɉŐ

�[²ȵȻǄ4ǩȶȒ¨ïɵɪɚɏɪɻȵȻǄ4ǩɎ²ȘȮǩȝȒɣʀɪɮ'ćȵȻǄ4ǩ

ȹȸɋȓɣʀɪɮȵ¥}ȵ�ňȆȟǄ4ȧȮ}`Ȼ'ćȝ~O_cieȵȗɋȮɅȒ~O_cieɎǄ4

Table 4-10  

  

(O  

%O  

ìO  
 

îO_cYO = ìO × íO + %O × !O + ((O − ìO − %O) × ~O_cYO	 (4.7) 

ïO_cYO =
îO_cYO

(O
	 (4.8) 

îO_cie = ìO × íO + %O × !O + ((O − ìO − %O) × ~O_cie

+ ómO_cie − (ò × ôO_cie	

(4.9) 
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'ćȶȩɋȓɃȮȒƸǞƪŅǩɈɊǻƢǩȝ�ȞȘ}`ȒïǯE¥}ȵ�ǈ<ɎƸǞȩɋÀ

Ƣȝȗɋȓ�ƒȹȒïǯE¥}ȵȻŮ�'ćȼɣʀɪɮ'ćȵȻŮ�'ćȶȻŐǰǰ)ȝ

ȗɊȒïǯ¦ȤȶȹɆ¤ȝȗɋɆȻȻČȺɣʀɪɮ¥}Ů�'ć+ã8ȻŪrȵÛŚȧȴȘɋ

[32]ȓïǯE¥}Ȼ'ćò�.ɎôO_cieȶȧȒǑIǄ4ǩmO_cie − (ɎǄ4ȩɋǷȻǄ4

'ćȶȩɋȓɃȮʖkWhƸǞȩɋȻȹÀƢȸƸǞɝɣɮȻò�.ïO_cieɎ(4.10)ȵƜȩȓ 

 

 

1ëȻʖkWhȗȮɊȻƸǞɝɣɮȻªxïiöéçiõéɎ(4.11)ȵƜȩȓ 

 

 

1ëȻʖkWhȗȮɊȻƸǞɝɣɮȻ©ï?éöYiêYåOɎ(4.12)ȵƜȩȓ 

 

 

àÞɡɣɬʃȼƸǞƪŅĈȶȧȴʈʓɠʓȝ4HȧȮ.ȹ�ȧȴȒ(4.8)Ȓ(4.10)Ȓ(4.11)Ȓ

(4.12)Ɏ;Hȩɋȓ 

 Microsoft Azure�5]��!&���!s_ 

úŖŝȵȼȒǮŊïǯȻŔſȒɭɻʎɑïǯŔſȻȮɅȒMicrosoft Azure[33]ɎłȘȴ

ɻʎɮɧɑɻȻǮŊɎƚșȓMicrosoft Azure ȶȼʁɑɚʎɦɹɮřȝÜ&ȧȴȘɋɚʊɒɯɻʊɪ

ɮɹɕʓʃȵȗɋȓFig. 4-4ȹMicrosoft AzureȝÜ&ȩɋɟʓɸɣɎŘȩȓ 

 

ïO_cie =
îO_cie

mO_cie
	 (4.10) 

ïiöéçiõé = 	
ïO_cie +ïO_cYO

2
	 (4.11) 

ïéöYiêYåO = 	ïO_cie −ïO_cYO	 (4.12) 
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Fig. 4-4 Microsoft Azure [34] 

 

ɲɪɮʏʓɚȒɣɮʍʓɢȒɭʓɧɽʓɣȒɭʓɧ<āȸȷȻ�ĎȸɟʓɸɣɎÜ&ȧȴȘ

ɋȓ 

úŖŝȵȼȣȻșȰȒMachine Learning StudioɎ$ȱȴǺHǻƢǩĩɡɣɬʃȒǺH'

ćĩɡɣɬʃȻɻʎɮɧɑɻɎǮŊȩɋȓMachine Learning StudioɎłȘȴǮŊȩɋǷȻ

ǮŊŅǾɎ Fig. 4-5ȹŘȩȓ 
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Fig. 4-5 Machine Learning Studio  

 

Machine Learning StudioȼȒɭʓɧɎġłȧȮĩ<āɦʋʇʓɡʉʐȻčūȒɬɣɮȒɭ

ɻʎɑɎɯʊɪɛ ɏʐɯ ɯʎɪɻȵƚșȣȶȝȵȞɋȒɝʊɿʍʓɡʉʐȹ�ÁȧȮɫʓʌȵȗ

ɋȓʅɢʇʓʌȶhȽɌɋɭʓɧȹ�ȧȴ�ƚȵȞɋɏʌɞʋɤʃȶɭʓɧɥɪɮɎŶȿȣȶ

ȵȒĩʅɭʌɎ#ËȩɋȣȶȝȵȞɋȓMachine Learning StudioȹȼȒɭʓɧȻ\+đƍ

ɇȒɭʓɧȻɮʍʓɱʐɛȒɣɝɏ�ȡȒĊưȸȷȹ�ÁȧȮȥɃȦɃȸʅɢʇʓʌȝłÇȥɌ

ȴȘɋȓ�pȼĚ�÷p§ɎɽʓɣȶȧȮȒ´�ƈnɎǓĒŋȹčūȧȴȘȟ Gradient 

BoostingɎ�ƝȩɋȮɅȒBoosted Decision Tree RegressionȻʅɢʇʓʌɎłȘɋȓ 

 

 �� 

úŠȵȼȵƮƪȧȮàÞɡɣɬʃȻǺHǻƢǩĩȒǺH¥}'ćĩȒǺH���

ċƊȻǺHƸǞƪŅşĈƞJȻđƍȹȲȘȴɻʎɮɧɑɻȻ#ËɎƚȱȮȓ  
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 ���
 

úŠȵȼȒŢ 4ŠȵǮŊȧȮàÞɡɣɬʃȻ{úŋȸđƍȻĊưȶàÞɡɣɬʃȻôK

ÄȻĊưɎƚșȓ 

 

 <S`	Zi�Wl 

5.2.1 Xj 

4.2.2ȹŘȧȮĚ�÷p§ɎɽʓɣȶȧȮNǧɺʓɣɬɐʐɛĚ�÷ȻɏʌɞʋɤʃȹɈȱ

ȴŁËȥɌɋĚ�÷ȶMachine Learning Studio Ȼ Boosted Decision Tree RegressionȻ

AzureʅɢʇʓʌɎłȘȴ#ËȥɌɋĚ�÷ɎĖǌȧȴȒAzureʅɢʇʓʌȻÖLȻŗƴɎ

ƚșȓĊưȹłȘɋ�ƈɭʓɧɎ Table 5-1ȹŘȩȓ 

 

 

ɃȮĊưȹłȘɋƮ�.Ɏ Table 5-2ȹŘȩȓ 

 

 

 

 

 

Table 5-1  

y ((>) ((X) 

0.5 1 2 

1.3 3 6 

2.4 4 5 

3.3 8 4 

4.2 12 3 

5.1 6 11 
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1ȲȻ÷ȹŁËȥȫɋƖɳʓɯɎò� 3Ȳȶȩɋȓ�ƈĽȼ 0.9 ȶȩɋȓŁËȥȫɋ÷Ȼã

Ɏʗúȶȩɋȓ1ȲȻƖɳʓɯȹdɃȫɉɌɋò�ȻɭʓɧãɎ 1 ȶȩɋȓ 

��Ȼ�ƈɭʓɧȶƮ�.Ɏý�ȹȒAzureȻʅɢʇʓʌȵĚ�÷Ɏ#ËȧȒ#ËȧȮĚ

�÷ȹ�ȧȴ�ƈɭʓɧȻ xɎ4HȧȴĩɎƚȱȮȓ#ËȥɌȮ 1úŎȻĚ�÷Ɏ Fig. 

5-1ȹŘȧȒ#ËȥɌȮ 2úŎȻĚ�÷Ɏ Fig. 5-2ȹŘȩȓ 

 

 

Fig. 5-1 Azure 1  

 

Table 5-2 Gradient Boosting  

Parameter Value 

Minimum number of samples per leaf 

node, ! 

3 

Learning rate, f 0.9 

Total number of trees constructed, a 2 
Minimum	number	of	samples	per	

leaf	node,	 GcYO�
1 
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Fig. 5-2 Azure 2  

 

AzureȻʅɢʇʓʌȝ;HȩɋĚ�÷ȵȼȒİƔȻ�7ȹȁzɎ<Gȩɋ�ãȶǱ.ȝ

ŘȥɌȴȘɋȓǼƔȻ�7ȼȬȻȁz7Ȼªx.ȹ�ƈĽɎȜȡȮη\<ȝŘȥɌȴȘɋȓú

ĊưȵȼȒɃȪ AzureȹŘȥɌɋȁzɎ<Gȩɋ�ãȶǱ.Ȓȁz7Ȼªx.ȹ�ƈĽɎ

ȜȡȮη\<ȝȒ4.2.2ȹŘȧȮɏʌɞʋɤʃȵ�Ȟ;ȥɌɋŶăȶaȨȵȗɋȣȶɎŗƴȩɋȓ 

Ēȹ AzureȻʅɢʇʓʌȝ#ËȧȮĚ�÷ȹ�ȧȴ�ƈɭʓɧȻ xɎ4HȧȴĩɎ

ƚȱȮŶăɎ Table 5-3ȹŘȩȓ 

 

Table 5-3 Azure 2  

((>) ((X)  M 

1 2 0.70 0.5 

3 6 1.14 1.3 

4 5 2.49 2.4 

8 4 3.67 3.3 

12 3 3.67 4.2 

6 11 4.97 5.1 
 

 

4HPȹ�ȧȴȒĩ.ȝ;HȥɌȴȘɋȓMȼēƩɭʓɧɎŘȩȓTable 5-3ȹŘȩ;H

Ŷăȶ 4.2.2ȹŘȧȮɏʌɞʋɤʃȵ�Ȟ;ȥɌɋ]X(()ȻŶăȝaȨȵȗɋȣȶɎŗƴȩɋȓ 
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��ȻĊưǿŎɎ Table 5-4ȹɃȶɅȮȓ 

 

Table 5-4  

 Azure  

  
η\<   

]X(() Table 5-3  
 

 

ɃȪȒɏʌɞʋɤʃȵ;HȥɌɋȁzɎ<Gȩɋ�ãȶǱ.ȝȒAzureȻʅɢʇʓʌȵ;

HȥɌɋİƔȻ�7ȹŘȥɌɋ�ãȶǱ.ȶ�ƏȩɋȜȻŗƴɎƚșȓĒȹȒɏʌɞʋɤʃȵ

;HȥɌɋȁz7Ȼªx.ȹ�ƈĽɎȜȡȮη\<ȶȒAzureȻʅɢʇʓʌȵ;HȥɌɋǼƔ

Ȼ�7ȹŘȥɌɋ.ȝ�ƏȩɋȜɎŗƴȩɋȓò»ȹɏʌɞʋɤʃȝ;HȩɋȒNǧɺʓɣ

ɬɐʐɛɎłȘȮ 2úȻĚ�÷ȵȻĩŶă]X(()ȶ Table 5-3ȹŘȥɌɋĩ.Ȼ;HŶ

ăȝ�ƏȩɋȜɎŗƴȩɋȓ5.2.2ȵȼȒɏʌɞʋɤʃȹɈɋ;HŶăɎŘȧȒ5.2.3ȵĖǌɎ

ƚșȓ 

5.2.2 7q (���'�[>R;C��%�$�#
��36 

ɃȪ` = 1úŎȻ÷ȻŁËɎƚșȓ! = 1ȻïȻ%ňŎȻùšɳʓɯȻĩ.ȶ�ƈɭʓ

ɧȻ�
Ƶ¤i&<ɎęɅɋȓ! = 1, % = 1ȻïȻ	\<ȶ�
Ƶ¤Ɏ Table 5-5ȹŘȩȓ 

 

Table 5-5 ! = 1, % = 1 &< 

M ((>) ((X) ]̂ (() b> \> (b> − \>)
X 

0.5 1 2 0 0.5 2.8 5.29 

1.3 3 6 0 1.3 2.8 2.25 

2.4 4 5 0 2.4 2.8 0.16 

3.3 8 4 0 3.3 2.8 0.25 

4.2 12 3 0 4.2 2.8 1.96 

5.1 6 11 0 5.1 2.8 5.29 

      &>=15.2 
 

 



 

 
 
 

51 

Ēȹ%ňŎȻùšɳʓɯȻȁzℛ<7ȵȻèȮȸ<GɎƉȚɋȓ! = 1ȹțȘȴ ((>)ȵɦʓɮȧ

ȮïȻ+<?OɎ Table 5-6ȹŘȧȒ((X)ȵɦʓɮȧȮïȻ+<?OɎ Table 5-7ȹŘȩȓ 
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Table 5-6 ! = 1, % = 1���	'())���	����+,-. 

/) 
'()) '(0) 1ℛ3_(3,3)  

1ℛ3_(3,35) 
1ℛ3_(3,6)  
1ℛ3_(3,65) 

1ℛ3_(3,7)  
1ℛ3_(3,75) 

1ℛ3_(3,8)  
1ℛ3_(3,85) 

1ℛ3_(3,9)  
1ℛ3_(3,95)  

(: − 1ℛ3_(3,3))
0 

(: − 1ℛ3_(3,35))
0 

(: − 1ℛ3_(3,6))
0 

(: − 1ℛ3_(3,65))
0 

(: − 1ℛ3_(3,7))
0 

(: − 1ℛ3_(3,75))
0 

(: − 1ℛ3_(3,8))
0 

(: − 1ℛ3_(3,85))
0 

(: − 1ℛ3_(3,9))
0 

(: − 1ℛ3_(3,95))
0 

0.5 1 2 1.00  0.90  1.40  2.33  2.52  0.25  0.16  0.81  3.33  4.08  
1.3 3 6 3.26  0.90  1.40  2.33  2.52  3.84  0.16  0.01  1.05  1.49  
2.4 4 5 3.26  3.75  1.40  2.33  2.52  0.74  1.82  1.00  0.01  0.01  
5.1 6 11 3.26  3.75  4.20  2.33  2.52  3.39  1.82  0.81  7.70  6.66  
3.3 8 4 3.26  3.75  4.20  3.75  2.52  0.00  0.20  0.81  0.20  0.61  
4.2 12 3 3.26  3.75  4.20  3.75  4.20  0.88  0.20  0.00  0.20  0.00  

� � � � � � �  +)0)=9.10 +)00=4.37 +)0<=3.44 +)0==12.49 +)0==12.85 
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Table 5-7 ! = 1, % = 1���	'(0)���	����+,-. 

/) 
'()) '(0) 1ℛ3_(6,3)  

1ℛ3_(6,35) 
1ℛ3_(6,6)  
1ℛ3_(6,65) 

1ℛ3_(6,7)  
1ℛ3_(6,75) 

1ℛ3_(6,8)  
1ℛ3_(6,85) 

1ℛ3_(6,9)  
1ℛ3_(6,95)  

(: − 1ℛ3_(6,3))
0 

(: − 1ℛ3_(6,35))
0 

(: − 1ℛ3_(6,6))
0 

(: − 1ℛ3_(6,65))
0 

(: − 1ℛ3_(6,7))
0 

(: − 1ℛ3_(6,75))
0 

(: − 1ℛ3_(6,8))
0 

(: − 1ℛ3_(6,85))
0 

(: − 1ℛ3_(6,9))
0 

(: − 1ℛ3_(6,95))
0 

0.5 1 2 1.00  2.35  2.67  2.60  2.34  0.25  3.42  4.69  4.41  3.39  
4.2 12 3 3.26  2.35  2.67  2.60  2.34  0.88  3.42  2.35  2.56  3.46  
3.3 8 4 3.26  3.03  2.67  2.60  2.34  0.00  0.08  0.40  0.49  0.92  
2.4 4 5 3.26  3.03  2.93  2.60  2.34  0.74  0.39  0.28  0.04  0.00  
1.3 3 6 3.26  3.03  2.93  3.20  2.34  3.84  2.98  2.67  3.61  1.08  
5.1 6 11 3.26  3.03  2.93  3.20  5.10  3.39  4.31  4.69  3.61  0.00  

� � � � � � �  +)0)=9.10 +)00=14.59 +)0<=15.09 +)0==14.72 +)0==8.85 
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�F<!", #"$%LG@B/& = 1C�C!" + #"$%L�FJ0 

 

 
Table 5-8 HI/* = 1, , = 1, - = 3C�!" + #"$%6��@AJ8@6	5J0H=>//(1) 

C 3#$C�@ 4#$C�/4 @TC��� 5L,�@:>�<ARSQL��:/J = 2@A

J0J = 2C�C	
��L Table 5-9B%;0 

 

 
�B& = 2C�C*#$C�&RSQC� �@�(OSNC��+�!"L�FJ0

/(1) ≤ 5?	.9KJRSQL 1#$C�&CRSQ//(1) > 5?	.9KJRSQL 2#$

C�&CRSQ@;J@/& = 2, * = 1C�C��+�	!"L Table 5-10B%:/& = 2/* =

2C�C	��+�	!"L Table 5-11B%;0 

 

 

 

 

Table 5-8 & = 1�$�!" + #"$% 

!1 + #111 24.30 
!1 + #119 19.57 
!1 + #11: 18.64 
!1 + #11; 27.69 
!1 + #11<� 28.05 
!1 + #191� 24.30 
!1 + #199� 29.79 
!1 + #19:� 30.29 
!1 + #19;� 29.92 
!1 + #19<� 24.05 

 

Table 5-9 m=1, & = 2 �$���%� 
!# 0� 

/(1) 5 
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Table 5-10 & = 2, * = 1�$���."�!" 

=1 /(1) /(9) >1 (? − >1)9 
0.5 1 2 1.4 0.81 
1.3 3 6 1.4 0.01 
2.4 4 5 1.4 1.00 

    !1=1.82 
 

 
Table 5-11 & = 2, * = 2�$���."�!" 

=1 /(1) /(9) >9 (? − >9)9 
3.3 8 4 4.2 0.81  
4.2 12 3 4.2 0.00  
5.1 6 11 4.2 0.81  

    !9=1.62 
 

 
�B*#$C�&RSQC-�ℛ"�?C�<A	
L)3J0& = 2, * = 1C�C	/(1)?

MSP:<�C#"$%L Table 5-12B%:/	/(9)?MSP:<�C#"$%L Table 5-13B%;0E<

& = 2, * = 2C�C	/(1)?MSP:<�C#"$%L Table 5-14B%:/	/(9)?MSP:<�C#"$%

L Table 5-15B%;0 

 

Table 5-12 & = 2, * = 1�$�	/(1)������1�#"$% 

=1 /(1) /(9) >ℛB_(B,B)  
>ℛB_(B,BD) 

>ℛB_(B,E)  
>ℛB_(B,ED) 

(? − >ℛB_(B,B))
9 

(? − >ℛB_(B,BD))
9 

(? − >ℛB_(B,E))
9 

(? − >ℛB_(B,ED))
9 

0.5 1 0.5 0.5 0.9 0.00  0.16  
1.3 3 6 1.85 0.9 0.30  0.16  
2.4 4 5 1.85 2.4 0.30  0.00  

     #111=0.61 #119=0.32 
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Table 5-13 & = 2, * = 1�$�	/(9)������1�#"$% 

=1 /(1) /(9) >ℛB_(B,B)  
>ℛB_(B,BD) 

>ℛB_(B,E)  
>ℛB_(B,ED) 

(? − >ℛB_(B,B))
9 

(? − >ℛB_(B,BD))
9 

(? − >ℛB_(B,E))
9 

(? − >ℛB_(B,ED))
9 

0.5 1 0.5 0.5 1.45 0.00  0.90  
2.4 4 5 1.85 1.45 0.30  0.90  
1.3 3 6 1.85 1.3 0.30  0.00  

     #191=0.61 #199=1.81 
 

 

Table 5-14 & = 2, * = 2�$�	/(1)������1�#"$% 

=1 /(1) /(9) >ℛB_(B,B)  
>ℛB_(B,BD) 

>ℛB_(B,E)  
>ℛB_(B,ED) 

(? − >ℛB_(B,B))
9 

(? − >ℛB_(B,BD))
9 

(? − >ℛB_(B,E))
9 

(? − >ℛB_(B,ED))
9 

5.1 6 11 5.1 4.2 0.00  0.81  
3.3 8 4 3.75 4.2 0.20  0.81  
4.2 12 3 3.75 4.2 0.20  0.00  

     #911=0.41 #919=1.62 
 

 

Table 5-15 & = 2, * = 2�$�	/(9)������1�#"$% 

=1 /(1) /(9) >ℛB_(B,B)  
>ℛB_(B,BD) 

>ℛB_(B,E)  
>ℛB_(B,ED) 

(? − >ℛB_(B,B))
9 

(? − >ℛB_(B,BD))
9 

(? − >ℛB_(B,E))
9 

(? − >ℛB_(B,ED))
9 

4.2 12 3 4.2 3.75 0.00  0.20  
3.3 8 4 4.2 3.75 0.81  0.20  
5.1 6 11 4.2 5.1 0.81  0.00  

     #991=1.62 #999=0.41 
 

 
�F<!"/#"$%LG@B/& = 2C�C!" + #"$%L�FJ0 
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Table 5-16 & = 2�$�!" + #"$% 

!9 + #111 2.23  
!9 + #119 1.94  
!9 + #191 2.23  
!9 + #199 3.43  
!1 + #911 2.23  
!1 + #919 3.44  
!1 + #991 3.44  
!1 + #999 2.23  
!9 + #111 2.23  
!9 + #119 1.94  
!9 + #191 2.23  

 

 
Table 5-16 HI/!" + #"$%6��@AJCD* = 2, , = 1, - = 2C�!" + #"$%6��@A

J8@6	5J0H=>//(1) C 1#$C�@ 2#$C�@ 3#$C�#$C�/3 @ 4C

��� 3.5L,�@:>�<ARSQL��:/J = 3@AJ0J = &FGH@AJC?'�0 

J = 3C�C	
��L Table 5-17B%;0 

 

Table 5-17 m=1, & = 3 �$���%� 
!# 0� 

/(1) 3.5 
 

 

E< 2�$C�����'��B47J�(OSN6�EKJ-�/-��C���

>"/���B�(!L57<I>"/�-�B47J� �J1(K)L Table 5-18B%;0 
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Table 5-18 ������(��,*���m=3�$�+& 

? /(1) /(9) �	�
2  =1 >" I>" 

0.5 1 2 
/(1) ≤ 5 
/(1) ≤ 3.5 

0.5 0.9 0.81 

1.3 3 6 
/(1) ≤ 5 
/(1) ≤ 3.5 

1.3 0.9 0.81 

2.4 4 5 
/(1) ≤ 5 
/(1) > 3.5 

2.4 2.4 2.16 

3.3 8 4 /(1) > 5 3.3 4.2 3.78 
4.2 12 3 /(1) > 5 4.2 4.2 3.78 
5.1 6 11 /(1) > 5 5.1 4.2 3.78 

 

 

�BM = 2�$C�C"�L*20& = 1C�C*#$C�&RSQC� �@�(OSN

C��+�!"L�FJ0& = 1, * = 1C�C	>"@��+�L Table 5-19B%;0 

 
Table 5-19 & = 1, * = 1�$���."�!" 

? /(1) /(9) JN(/) =1 >1 (=9 − >1)9 
0.5 1 2 0.81 -0.31 0.28 0.35  
1.3 3 6 0.81 0.49 0.28 0.04  
2.4 4 5 2.16 0.24 0.28 0.00  
3.3 8 4 3.78 -0.48 0.28 0.58  
4.2 12 3 3.78 0.42 0.28 0.02  
5.1 6 11 3.78 1.32 0.28 1.08  

      !1=2.07 
 

 
�B*#$C�&RSQC-�ℛ"�?C�<A	
L)3J0& = 1B41>/(1)?MSP:

<�C#"$%L Table 5-20B%://(9)?MSP:<�C#"$%L Table 5-21B%;0 
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Table 5-20 ! = 1, % = 1���	'())���	����+,-. 

/) 
'()) '(0) 1ℛ3_(3,3)  

1ℛ3_(3,35) 
1ℛ3_(3,6)  
1ℛ3_(3,65) 

1ℛ3_(3,7)  
1ℛ3_(3,75) 

1ℛ3_(3,8)  
1ℛ3_(3,85) 

1ℛ3_(3,9)  
1ℛ3_(3,95) 

(: − 1ℛ3_(3,3))
0 

(: − 1ℛ3_(3,35))
0 

(: − 1ℛ3_(3,6))
0 

(: − 1ℛ3_(3,65))
0 

(: − 1ℛ3_(3,7))
0 

(: − 1ℛ3_(3,75))
0 

(: − 1ℛ3_(3,8))
0 

(: − 1ℛ3_(3,85))
0 

(: − 1ℛ3_(3,9))
0 

(: − 1ℛ3_(3,95))
0 

-0.31 1 2 1.00 0.09 0.14 0.44 0.25 1.72 0.16 0.20 0.56 0.32  
0.49 3 6 0.40 0.09 0.14 0.44 0.25 0.01 0.16 0.12 0.00 0.06  
0.24 4 5 0.40 0.38 0.14 0.44 0.25 0.02 0.02 0.01 0.04 0.00  
1.32 6 11 0.40 0.38 0.42 0.44 0.25 0.85 0.89 0.81 0.78 1.14  
-0.48 8 4 0.40 0.38  0.42 -0.03 0.25 0.77 0.73 0.81 0.20 0.54  
0.42 12 3 0.40 0.38  0.42 -0.03 0.42 0.00 0.00 0.00 0.20 0.00  

        +)0)=3.37 +)00=1.96 +)0<=1.96 +)0==1.78 +)0= = 2.05 
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Table 5-21	! = 1, % = 1���	'(0)���	����+,-. 

/) 
'()) '(0) 1ℛ3_(3,3)  

1ℛ3_(3,35) 
1ℛ3_(3,6)  
1ℛ3_(3,65) 

1ℛ3_(3,7)  
1ℛ3_(3,75) 

1ℛ3_(3,8)  
1ℛ3_(3,85) 

1ℛ3_(3,9)  
1ℛ3_(3,95) 

(: − 1ℛ3_(3,3))
0 

(: − 1ℛ3_(3,35))
0 

(: − 1ℛ3_(3,6))
0 

(: − 1ℛ3_(3,65))
0 

(: − 1ℛ3_(3,7))
0 

(: − 1ℛ3_(3,75))
0 

(: − 1ℛ3_(3,8))
0 

(: − 1ℛ3_(3,85))
0 

(: − 1ℛ3_(3,9))
0 

(: − 1ℛ3_(3,95))
0 

-0.31 1 2 1.00  0.06  -0.12  -0.03  0.07  1.72  0.13  0.03  0.08  0.15  
0.42 12 3 0.40  0.06  -0.12  -0.03  0.07  0.00  0.13  0.30  0.20  0.12  
-0.48 8 4 0.40  0.39  -0.12  -0.03  0.07  0.77  0.76  0.13  0.20  0.30  
0.24 4 5 0.40  0.39  0.68  -0.03  0.07  0.02  0.02  0.20  0.07  0.03  
0.49 3 6 0.40  0.39  0.68  0.91  0.07  0.01  0.01  0.04  0.17  0.17  
1.32 6 11 0.40  0.39  0.68  0.91  1.32  0.85  0.86  0.41  0.17  0.00  

        +)0)=3.37 +)00=1.92 +)0<=1.10 +)0==0.90 +)0==0.77 
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�;1!"'#"$%A<57'& = 18�8!" + #"$%A�;?( 

 
Table 5-22 & = 1���!" + #"$% 

!* + #*** 5.44 
!* + #**+ 4.04 
!* + #**, 4.03 
!* + #**- 3.86 
!* + #**. 4.12 
!* + #*+* 5.44 
!* + #*++ 3.99 
!* + #*+, 3.17 
!* + #*+- 2.97 
!* + #*+. 2.85 

 

 
Table 5-22 =>'/ = 1, 1 = 2, 3 = 58�!" + #"$%,��56?-5,	+?(=23'5(+) 
8 5��8�5 6��8�'6 5 118��� 8.5A#�5/3�16GHFA��/'J = 2
56?(J = 28�8	
��A Table 5-237�0( 

 

Table 5-23 m=1, & = 2 ������	 
� �
 

5(+) 8.5 
 

 
�7& = 28�8/��8��GHF8���5� DHC8��"��!"A�;?&

5(+) ≤ 8.54	%.@?GHFA 1��8��8GHF'5(+) > 8.54	%.@?GHFA 2�

�8��8GHF50?5'& = 2, / = 18�8��"��	!"A Table 5-247�/'& =
2, / = 28�8	��"��	!"A Table 5-257�0( 
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Table 5-24 & = 2, / = 1��������!" 

>* 5(*) 5(+) ?* (@ − ?*)+ 
-0.31 1 2 0.07  0.15  
0.49 3 6 0.07  0.17  
0.24 4 5 0.07  0.03  
-0.48 8 4 0.07  0.35  
0.42 12 3 0.07  0.55  

    !* = 1.25 
 

 

Table 5-25 & = 2, / = 2��������!" 
>+ 5(*) 5(+) ?+ (>+ − ?+)+ 
1.32 6 11 1.32 0 

    !* = 0 
 

 

�7/��8��GHF8$ℛ"�48�16	
A!*?(& = 2, / = 18�8	5(*)4
BHE/1�8#"$%A Table 5-267�/'	5(+)4BHE/1�8#"$%A Table 5-277�0(:1
& = 2, / = 249'DℛE = 14)>DℛE = DFG%56?84��0?( 
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Table 5-26 ! = 1, % = 1���	'())���	����+,-. 

/0 
'()) '(0) 1ℛ3_(3,3)  

1ℛ3_(3,35) 
1ℛ3_(3,6)  
1ℛ3_(3,65) 

1ℛ3_(3,7)  
1ℛ3_(3,75) 

1ℛ3_(3,8)  
1ℛ3_(3,85) 

(9 − 1ℛ3_(3,3))
0 

(9 − 1ℛ3_(3,35))
0 

(9 − 1ℛ3_(3,6))
0 

(9 − 1ℛ3_(3,65))
0 

(9 − 1ℛ3_(3,7))
0 

(9 − 1ℛ3_(3,75))
0 

(9 − 1ℛ3_(3,8))
0 

(9 − 1ℛ3_(3,85))
0 

-0.31 1 2 -0.31  0.09  0.14  -0.02  0.00  0.16  0.20  0.09  
0.49 3 6 0.17  0.09  0.14  -0.02  0.10  0.16  0.12  0.26  
0.24 4 5 0.17  0.06  0.14  -0.02  0.01  0.03  0.01  0.07  
-0.48 8 4 0.17  0.06  -0.03  -0.02  0.42  0.29  0.20  0.22  
0.42 12 3 0.17  0.06  -0.03  0.42  0.06  0.13  0.20  0.00  

       +))) = 0.59 +))0 = 0.77 +))@ = 0.74 +))B = 0.62 
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Table 5-27 ! = 2, % = 1���	'(0)���	����+,-. 

/0 
'()) '(0) 1ℛ3_(6,3)  

1ℛ3_(6,35) 
1ℛ3_(6,6)  
1ℛ3_(6,65) 

1ℛ3_(6,7)  
1ℛ3_(6,75) 

1ℛ3_(6,8)  
1ℛ3_(6,85) 

(9 − 1ℛ3_(6,3))
0 

(9 − 1ℛ3_(6,35))
0 

(9 − 1ℛ3_(6,6))
0 

(9 − 1ℛ3_(6,65))
0 

(9 − 1ℛ3_(6,7))
0 

(9 − 1ℛ3_(6,75))
0 

(9 − 1ℛ3_(6,8))
0 

(9 − 1ℛ3_(6,85))
0 

-0.31 1 2 -0.31  0.06  -0.12  -0.03  0.00  0.13  0.03  0.08  
0.42 12 3 0.17  0.06  -0.12  -0.03  0.06  0.13  0.30  0.20  
-0.48 8 4 0.17  0.08  -0.12  -0.03  0.42  0.32  0.13  0.20  
0.24 4 5 0.17  0.08  0.37  -0.03  0.01  0.02  0.02  0.07  
0.49 3 6 0.17  0.08  0.37  0.49  0.10  0.17  0.02  0.00  

       +)0) = 0.59 +)00 = 0.77 +)0@ = 0.49 +)0B = 0.56 
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D��!", $"%&����t' = 2�7�!" + $"%&�D��u 

 

Table 5-28 ' = 1�D�!" + $"%& 

!, + $--- 0.59 

!, + $--, 0.77 

!, + $--. 0.74 

!, + $--/ 0.62 

!, + $-,- 0.59 

!, + $-,, 0.77 

!, + $-,. 0.49 

!, + $-,/ 0.56 
 

 

Table 5-28 ��t0 = 1, 1 = 2, 2 = 3�7!" + $"%&{8%���}�{�z�u���t4(,) 

� 3MO��� 4MO��� 3MO��MO��t4 � 5�'�� 4.5�n����4��

®¼¬�
-�tJ = 3���uJ = '89:�����W�uJ = 3�7���<	� Table 5-29

�Q�u 

 

Table 5-29 m=1, ' = 3 �D�02H) 

8A d- 

4(,) 4.5 
 

 

�� 2;O�E":
-W�7�y|�!Yª¼¥{����s�ts���'��

;"t'���!YI�z|�<;"t�s��y|��F�=,(>)� Table 5-30�Q�u 
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Table 5-30 �$�#��R��]V���m=2�D�YI 

? 4(-) 4(,) 5���h7 =-(4) @, ;" <;" =,(4) 

0.5 1 2 
4(,) ≤ 8.5 

4(,) ≤ 4.5 
0.81 

-0.31 
-0.12 -0.11 

0.70 

1.3 3 6 
4(,) ≤ 8.5 

4(,) > 4.5 
0.81 

0.49 
0.37 0.33 

1.14 

2.4 4 5 
4(,) ≤ 8.5 

4(,) > 4.5 
2.16 

0.24 
0.37 0.33 

2.49 

3.3 8 4 
4(,) ≤ 8.5 

4(,) ≤ 4.5 
3.78 

-0.48 
-0.12 -0.11 

3.67 

4.2 12 3 
4(,) ≤ 8.5 

4(,) ≤ 4.5 
3.78 

0.42 
-0.12 -0.11 

3.67 

5.1 6 11 4(,) > 8.5 3.78 1.32 1.32 1.19 4.97 
 

 

 

5.2.3 Azure�	�������� ����# 

Azure�µ¡¶¼¹�����X=��¹�¸£³����X=�Be�t������

��w�z�Pb��u 

��t�¹�¸£³{����s�������2�n�� Azure�µ¡¶¼¹{���

�G[����Q~���2�n�{�Z��w�z�Pb��u���7�t�¹�¸£³

���~��s���'���!YI�z|� ηb_j �tAzure�µ¡¶¼¹���~��

r[����Q~���{�Z��z�Pb��u�¹�¸£³����_R~��t1;O

�:��X=� Table 5 31�Q�tAzure�µ¡¶¼¹��� 1;O�E":���X=

� Fig. 5 3�Q�u 
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Table 5-31 �$�#��R��]V���m=j�D�YI(.@) 

? 4(-) 4(,) 5���h7 @- ;" <;" 

0.5 1 2 
4(-) ≤ 5 

4(-) ≤ 3.5 
0.5 0.9 0.81 

1.3 3 6 
4(-) ≤ 5 

4(-) ≤ 3.5 
1.3 0.9 0.81 

2.4 4 5 
4(-) ≤ 5 

4(-) > 3.5 
2.4 2.4 2.16 

3.3 8 4 4(-) > 5 3.3 4.2 3.78 

4.2 12 3 4(-) > 5 4.2 4.2 3.78 

5.1 6 11 4(-) > 5 5.1 4.2 3.78 
 

 

 

Fig. 5-3 Azure� �!%$�
� 1GT�N:F�/3YI(.@) 

 

2��X=�Be���ts�������24(-)�n� 5{�Z���}�{�z�u�

�ts�������24(-)�n� 3.5 ��Z���}�{�z�uA�s���'���

!YI�z|�η;"�tAzure�µ¡¶¼¹���~��r[����Q~���{�Z�

�z�Pb��u4(-) ≤ 5,	4(-) ≤3.5���~��s��<;"� 0.81�Q�tAzure�µ

¡¶¼¹���r[����Q��� 0.81�v�u��� 2����s��<;"����Z

��w�}�{�z�u 
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A�t�j±¼¢©�»��Kw� 2;�E":���FX==,(4)� Azure�µ¡¶¼

¹���F����X={�Z��z�Pb��u�¹�¸£³�Kw�_R~�� m=2

�7�X=� Table 5-32�Q�tAzure�µ¡¶¼¹���F����X=� Table 5-33

�Q�u 

 

Table 5-32 �$�#��R��]V���m=2�D�YI(.@) 

? 4(-) 4(,) 5���h7 =-(4) @, ;" <;" =,(4) 

0.5 1 2 
4(,) ≤ 8.5 

4(,) ≤ 4.5 
0.81 

-0.31 
-0.12 -0.11 

0.70 

1.3 3 6 
4(,) ≤ 8.5 

4(,) > 4.5 
0.81 

0.49 
0.37 0.33 

1.14 

2.4 4 5 
4(,) ≤ 8.5 

4(,) > 4.5 
2.16 

0.24 
0.37 0.33 

2.49 

3.3 8 4 
4(,) ≤ 8.5 

4(,) ≤ 4.5 
3.78 

-0.48 
-0.12 -0.11 

3.67 

4.2 12 3 
4(,) ≤ 8.5 

4(,) ≤ 4.5 
3.78 

0.42 
-0.12 -0.11 

3.67 

5.1 6 11 4(,) > 8.5 3.78 1.32 1.32 1.19 4.97 
 

 

Table 5-33 Azure� �!%$�
� 2G�N:FR��&P�/3YI(.

@) 

4(-) 4(,) &P- ? 

1 2 0.70 0.5 

3 6 1.14 1.3 

4 5 2.49 2.4 

8 4 3.67 3.3 

12 3 3.67 4.2 

6 11 4.97 5.1 
 

 

�¹�¸£³�4(-)= 1, 4(,)=2���$��=,(4) = 0.70����y�tAzure�����

���7��F�� 0.70 ����w�u����$���t=,(4)� Azure���F�
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{�Z��w�}�{�z�u 

5.2.4 ��� 

4.2.2�Q�E":�&�²¼¢����j±¼¢©�»�E":��¹�¸£³����

J-~��E":�Machine Learning Studio � Boosted Decision Tree Regression�

Azureµ¡¶¼¹�Kw�
-~��E":�Be��tAzureµ¡¶¼¹�.��Pb�

]��u@`�X=�¹�¸£³�Kw�_R~���� Azure�µ¡¶¼¹����J-

~��E":��{�Z��w�}�z�tAzure�µ¡¶¼¹��¹�¸£³f��.��

�w�}��Pb��u 

 ���
��������" 

5.3.1 �! 

;S��10 ¢©³�9�,�@`�]xup�q^�F ¢©³�U)�g��C

dª¼¥�Kw�a���up��>�F ¢©³�U)��w��tg��Cdª¼¥

�H3�>ª¼¥�Kw�a���u8+�lN��p�ch_L10 ¢©³�#o�

g��6�|�$��iK�tlN ¢©³�������x�p�ch_L?�
-{1

0~��z�Pb��u 

5.3.2 $!�������" 

������� �! 

p�q^�F ¢©³��FU)�@`�]xu2016/4/1~2018/3/31� 2(m�ª¼¥

�Kw� Nested cross validation�U)�a��]xu��t©¢«ª¼¥�Kw�@`U)

� *,�a���up�q^�F ¢©³��FU)�@`�]xup�q^k�F�

���E":
-�Kw�!Yª¼¥� Table 5-34�Q�u 
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A�ª¼¥¤¨«�����5� Table 5-35�Q�u 

 

 

ª¼¥¤¨«� 5���t��x� 4fold� Outer loop «º¼»�ª¼¥t1fold� Outer 

loop©¢«ª¼¥��t5°¥¼»�«º¼»�ª¼¥�©¢«ª¼¥�
-��uOuter loop 

�«º¼»�ª¼¥�~�� 2���t1fold� Innter loop�«º¼»�ª¼¥��t1fold

� nnter loop�©¢«ª¼¥���t2°¥¼»�«º¼»�ª¼¥�©¢«ª¼¥�
-�

�u��t8i���¯�°¼°·´¼¥�T�� Table 5-36�Q�u 

 

 

 

 

 

 

Table 5-34 f3g\b&P��	�N:F+?�R��9Z�%� 

Name Value 

LO 4-
(-) 4,

(-) … 4I
(-) 

U;Q= 4-
(,) 4,

(,) … 4I
(,) 

eMb 4-
(.) 4,

(.) … 4I
(.)�

C<b 4-
(/) 4,

(/) … 4I
(/)�

i` 4-
(J) 4,

(J) … 4I
(J) 

D1*>"�$ 4-
(K) 4,

(K) … 4I
(K) 

D1K>"�$ 4-
(L) 4,

(L) … 4I
(L) 

C(*>"�$ 4-
(M) 4,

(M) … 4I
(M) 

C(K>"�$ 4-
(N) 4,

(N) … 4I
(N) 

f3g\b O- O, … OI 
 

Table 5-35 f3g\&PX=�_,��	��%�����02�'B 

Parameter Value 

Number of outer loop fold 5 

Number of inner loop fold 2 
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1��:�J-~��\®¼¬�2� 1z� 256�T����u!YI� 0.001z� 0.5

�T����uJ-~��:�2� 1z� 1000 ���u1��\®¼¬�����8%�

ª¼¥2� 1z� 100 ���u"��T����·»¦³�¼§�]wtRMSE�8%��

�¯�°¼°·´¼¥�/V��u 

������� �" � 

 

p�q^�F� Nested cross validation�U)�a�X=� Table 5-37�Q�u

Table 5-36 f3g\&P�Ea4[����%�"�%��W6 

Parameter Value min Value max 
Maximum	number	of	
leaves	per	tree�� '�

1 256 

Learning rate, < 0.001 0.5 

Total number of trees 

constructed, P 

20 1000 

Minimum	number	of	
samples	per	leaf	node,	

Q8R&�

1 100 
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Table 5-37�	���� Nested cross validation��
����� 

Outer loop 

fold 

Inner loop 

fold 

Number of 

leaves 

Minimum 

leaf 

instances 

Learning 

rate 

Number of 

trees 

RMSE 

(Inner loop) 

RMSE 

(Outer loop) 

Fold 1 
Fold 1 27 4 0.187 852 127 122 

Fold 2 191 56 0.1081 488 129  

Fold 2 
Fold 1 232 9 0.04372 937 116 155 

Fold 2 149 32 0.34415 278 135  

Fold 3 
Fold 1 67 59 0.24169 604 141  

Fold 2 101 12 0.19397 718 123 126 

Fold 4 
Fold 1 239 45 0.13475 865 123 119 

Fold 2 151 7 0.33726 633 130  

Fold 5 
Fold 1 172 2 0.06117 788 123 123 

Fold 2 248 56 0.21413 775 133  
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Outer loop fold 1\aGInner loop fold 1\��SW�w�\` RMSE�N Inner loop 

fold 2\��SWe`],b[�RO^YWWdGInner loop fold 1\��SW�w�k2J

[GOuter loop\` RMSEk3@SWHOuter loop fold 2\aGInner loop fold 1\��SW

�w�\` RMSE�N Inner loop fold 2\��SWe`],b[�RO^YWWdGInner 

loop fold 1\��SW�w�k2J[GOuter loop\` RMSEk3@SWHOuter loop fold 

3\aGInner loop fold 2\��SW�w�\` RMSE�N Inner loop fold 1\��SWe

`],b[�RO^YWWdGInner loop fold 2\��SW�w�k2J[GOuter loop\`

RMSEk3@SWHOuter loop fold 4\aGInner loop fold 1\��SW�w�\` RMSE

�N Inner loop fold 2\��SWe`],b[�RO^YWWdGInner loop fold 1\��S

W�w�k2J[GOuter loop\` RMSEk3@SWHOuter loop fold 5\aGInner loop 

fold 1\��SW�w�\` RMSE�N Inner loop fold 2\��SWe`],b[�RO

^YWWdGInner loop fold 1\��SW�w�k2J[GOuter loop\` RMSEk3@S

WHOuter loop\` RMSE`���a 129G%��a 155G%��a 119 ]^YWHRMSE

�N%e�RO^YWGOuter loop fold 4` Inner loop fold 1\��SW-�'�w�]|l

}�}���rk2J[E�F=C`�.k<KHcW�.`�]S[GRMSE�`%��

155k2JiH 

������� ����������� 

�.6�`*>_2JWvpxw�r�_Ii/�`$`E�F=C`�.k<JG6

�*>`���k3@TiHE�F=�.6�*>`���`3@_LPi
!k

Table 5-38_4TH 

 

Table 5-38 i,j_ O[:H`�2=>�Yb���
*@ 

*@kV *@ 

 O6cB 2017/3/14  

Maximum	number	of	leaves	per	tree, ! 239 

Learning rate, " 0.13475 

Total number of trees constructed, # 865  

Minimum	number	of	samples	per	leaf	node,	
$%&' 

45 

i,j_ O� O8 () 155 [� kW] 
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�.�A$kvpxw�r�_Ii 2017� 3& 14$]TiH�.�w�a 5.3.2.2\`

*>\%e6�`:MYW�w�k�2TiHcW�.`�a 5.3.2.2`*>\` RMSE

�`%�� 155k2JiH2017� 3& 14$k�.SW8(]�.�k Fig. 5-4_4TH 

 

 

Fig. 5-4 20179 3E 14B�i,j_f O&�5\& 

 

8(fhG�.�N�.�`��_�cY[LhG5.3.2.2`*>\` RMSE%��k�

.�]SG5.3.2.2`*>\��SW�.�w�k2Ji]G�.�a�.��_�ciQ]

N4RjWH 

 

5.3.3 ���
������� 

������� �� 

E��)�.opv~`�.6�`*>k<KH2016/4/1~2018/3/31` 2�D`w�r

k2J[ Nested cross validation\6�`?�k<KHcWGvpxw�rk2J[*>6�

`���k?�TiHE��)�.opv~`�.6�`*>k<KHE��)�.`W

d`-�'��_2Ji�9w�rk Table 5-39_4TH 
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+_w�rqux`	�`�#k Table 5-40_4TH 

 

 

w�rquxk 5	�SGV`KX 4foldk Outer loop x��z�mw�rG1foldk Outer 

loopvpxw�r]SG5}r��`x��z�mw�r]vpxw�rk��TiHOuter loop 

`x��z�mw�rkRg_ 2	�SG1foldk Innter loop`x��z�mw�r]SG1fold

k nnter loop`vpxw�r]S[G2}r��`x��z�mw�r]vpxw�rk��T

iHcWG%BTi|l}�}���r`5�k Table 5-41_4TH 

 

 

 

Table 5-39 i,%G O��	�L4F$?�T�
3]��� 

Name Value 

JN *+(+) *.(+) … */(+) 
W6P: *+(.) *.(.) … */(.) 
hKf *+(0) *.(0) … */(0)�
B7f *+(1) *.(1) … */(1)�
ld *+(2) *.(2) … */(2) 

.M(WTI)'S/;%G *+(3) *.(3) … */(3) 
XQ'S/;%G *+(4) *.(4) … */(4) 
1R�'S/;%G *+(5) *.(5) … */(5) 
C)#<��� *+(6) *.(6) … */(6) 
C)I<��� *+(+7) *.(+7) … */(+7) 
B"#<��� *+(++) *.(++) … */(++) 
B"I<��� *+(+.) *.(+.) … */(+.) 

JEPX����%G 8+ 8. … 8/ 
 

Table 5-40 i,%G O[:�a%��	��������(+�!A 

Parameter Value 

Number of outer loop fold 5 

Number of inner loop fold 2 
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1Z`'_1�RUi;{�y`"k 1Mg 256`5�]TiH�90a 0.001Mg 0.5

`5�]TiH1�RUi'`"k 1Mg 1000 ]TiH1Z`;{�y_�cji%�`

w�r"k 1Mg 100 ]TiH�dW5�`�\��s~n�tk<JGRMSEk%�]T

i|l}�}���rk 7TiH 

 

������� ���	 

E��)�.` Nested cross validation\6�`?�8(k Table 5-42_4TH

Table 5-41 i,%G O�De-�^�����������Z0 

Parameter Value min Value max 
Maximum	number	of	
leaves	per	tree�� !�

1 256 

Learning rate, " 0.001 0.5 

Total number of trees 

constructed, # 

20 1000 

Minimum	number	of	
samples	per	leaf	node,	

$%&'�

1 100 

 



 

 

 

�������� 

77 

Table 5-42�	����� Nested cross validation��
����� 

Outer loop 

fold 

Inner loop 

fold 

Number of 

leaves 

Minimum 

leaf 

instances 

Learning 

rate 

Number of 

trees 

RMSE 

(Inner loop) 

RMSE 

(Outer loop) 

Fold 1 
Fold 1 49 5 0.1714 591 2.97 2.66 

Fold 2 52 17 0.05069 803 3.36  

Fold 2 
Fold 1 253 10 0.02812 676 3.16 3.01 

Fold 2 159 77 0.37388 784 3.43  

Fold 3 
Fold 1 172 2 0.06117 788 3.22 2.61 

Fold 2 25 90 0.49192 999 3.45  

Fold 4 
Fold 1 178 32 0.08025 797 3.11 3.70 

Fold 2 65 79 0.39719 885 3.11  

Fold 5 
Fold 1 229 3 0.11861 648 2.86 3.73 

Fold 2 234 66 0.23312 757 3.09  
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Outer loop fold 1ȊȐǬInner loop fold 1Ȋ"ÆǾȄɊȽɐȊȏ RMSE)ǵ Inner loop 

fold 2Ȋ"ÆǾȄȚȏȋđȕȉ�ǼǷȍȇȄȄșǬInner loop fold 1Ȋ"ÆǾȄɊȽɐȣĸǰ

ȉǬOuter loopȊȏ RMSEȣŋƜǾȄǭOuter loop fold 2ȊȐǬInner loop fold 1Ȋ"ÆǾȄ

ɊȽɐȊȏ RMSE)ǵ Inner loop fold 2Ȋ"ÆǾȄȚȏȋđȕȉ�ǼǷȍȇȄȄșǬInner 

loop fold 1Ȋ"ÆǾȄɊȽɐȣĸǰȉǬOuter loopȊȏ RMSEȣŋƜǾȄǭOuter loop fold 

3ȊȐǬInner loop fold 1Ȋ"ÆǾȄɊȽɐȊȏ RMSE)ǵ Inner loop fold 2Ȋ"ÆǾȄȚ

ȏȋđȕȉ�ǼǷȍȇȄȄșǬInner loop fold 2Ȋ"ÆǾȄɊȽɐȣĸǰȉǬOuter loopȊȏ

RMSEȣŋƜǾȄǭOuter loop fold 4ȊȐǬInner loop fold 1Ȋ"ÆǾȄɊȽɐȊȏ RMSE

)ǵ Inner loop fold 2Ȋ"ÆǾȄȚȏȋđȕȉ�ǼǷȍȇȄȄșǬInner loop fold 1Ȋ"ÆǾ

ȄɊȽɐȣĸǰȉǬOuter loopȊȏ RMSEȣŋƜǾȄǭOuter loop fold 5ȊȐǬInner loop 

fold 1Ȋ"ÆǾȄɊȽɐȊȏ RMSE)ǵ Inner loop fold 2Ȋ"ÆǾȄȚȏȋđȕȉ�ǼǷ

ȍȇȄȄșǬInner loop fold 1Ȋ"ÆǾȄɊȽɐȣĸǰȉǬOuter loopȊȏ RMSEȣŋƜǾ

ȄǭOuter loopȊȏ RMSEȏ§m)Ȑ 3.14Ǭï�)Ȑ 3.73Ǭï�)Ȑ 2.61 ȋȍȇȄǭ

RMSE)ǵïȚ�ǼǷȍȇȄǬOuter loop fold 3ȏ Inner loop fold 1Ȋ"ÆǾȄė�õɊȽ

ɐȋɀȧɂɖɂɎɉɖȷȣĸǰȉ JEPX ȳɆȺȾ¡s%Āȏ�ĩȣƅǱǭȖȄ�ĩȏ¦ȋǾȉǬ

RMSE)ȏï�) 3.73ȣĸǰȟǭ 

������� .�(3�����-4 

�ĩţªȏăƘȎĸǰȄȼȳȾȽɖȷ4Ȏǯȟı�ȏçȏ JEPX ȳɆȺȾ¡s%Āȏ�

ĩȣƅǰǬţªăƘȏ�¯½ȣŋƜȀȟǭJEPX ȳɆȺȾ¡s%Ā�ĩţªăƘȏ�¯½

ȏŋƜȎǳǸȟAÖȣ Table 5-43ȎŌȀǭ 

 

Table 5-43  JEPX5F8;¤�gØ[ìč¬Ûģ��±µ�ćĥ���"u¾ 

u¾Ŀā u¾ 

[ì�ĪÆ 2016/7/13  

Maximum	number	of	leaves	per	tree, ! 172 

Learning rate, " 0.06117 

Total number of trees constructed, # 788 

Minimum	number	of	samples	per	leaf	node,	
$%&' 

2 

ļwgØ[ì�[ì§ () 3.73 [yen/kWh] 
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�ĩ�ƦçȣȼȳȾȽɖȷ4Ȏǯȟ 2016¨ 7ð 13çȋȀȟǭ�ĩɊȽɐȐ 5.3.3.2Ȋȏ

ăƘȊïȚţªȏžǴȇȄɊȽɐȣ$ĸȀȟǭȖȄ�ĩȏ¦Ȑ 5.3.3.2ȏăƘȊȏ RMSE

)ȏï�) 155ȣĸǰȟǭ2017¨ 3ð 14çȣ�ĩǾȄŬýȋ�ĩ)ȣ Fig. 5-5ȎŌȀǭ 

 

 

Fig. 5-5 2016© 7Ë 13Æ� JEPX5F8;¤�gØ[ìi��Ĕi 

 

ŬýȜȞǬ10:00-12:00ȏêǍ£ȋ 14:00-16:00ȏêǍ£�|ȊȐǬ�ĩ)ǵ�ĩ)ȏ¦

4ȎWȖȇȉǰȟǺȋ9Ǵȟǭ5.3.3.2ȏăƘȊȏ RMSEï�)ȣ�ĩ¦ȋǾǬ5.3.3.2ȏă

ƘȊ"ÆǾȄ�ĩɊȽɐȣĸǰȟȋǬ�ĩ)Ȑ�ǃȏêǍ£ȣǒǰȉǬ�ĩ¦4ȎWȖȟ

ǺȋǵŌǼȠȄǭ 

 

5.3.4 9�572,"!����(3 

������� )0 

ǌĿǾȄǘDƟƿƔĺÜØȱȳȼɈȏñG½ȏăƘȣƅǱǭöȭɖȳȊȐǬ2018¨ 1ð

ȏı�ȏçȏǘDƟƿƔĺȣǌĿȱȳȼɈȣĸǰȉ"ÆȀȟǺȋȣ��ȀȟǭǌĿȱȳȼɈ

ȣǁĸȀȟǺȋȊǬ�ǓȎǘDƟƿƔĺȏ"ÆǵÜØǼȠȟǴȌǱǴȣăƘȀȟǭ 

ȖȁÜØȱȳȼɈȐǬ�Ʀçȏç�ǬĒƦÂrǴȝǬǘDǙƋ�ĩ)ȣǬ�Ʀçȏç�Ǭ

ĒƦÂrǬįã%ĀǴȝǬȳɆȺȾ%Ā�ĩ)ȣ8DȀȟǭƟƿǵµƋȍǘDǆȋ]XȊ

ȏǘD%ĀǵƎƏNǼȠȟǭɌɖȰɖȐƎƏNǼȠȄÂrȣȚȋȎǬƟƿƔĺǆ*'ȋǬ¥ê
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BUǬŅ�XȏƟƿǆ^Ɣ)+' + -'ȣǬƟƿƔĺāȋǾȉȱȳȼɈȎ/DȀȟǭ/DǼȠ

ȄƟƿƔĺāȎ�ǾȉǬÜØȱȳȼɈȐ 1kWhǯȄȞȏƟƿȮȳȾǬƟƿȮȳȾȏ§mǬƟƿ

ȮȳȾȏzI¦ȣ8DȀȟǭ8DŬýȣȚȋȎǬɌɖȰɖȐ6ª/D)ȣėșǬȃȏ8Dȣ

ŋƜȀȟǭǺȏ"ąȣűȞƵȀǺȋȊǬïũŀȍƟƿƔĺȣÃ»ė�ȀȟǭöăƘȊȐǬ*'

ȋ+' + -'ȣ/DǾǬƟƿȮȳȾǬƟƿȮȳȾȏ§mǬƟƿȮȳȾȏzI¦ȣ8DȀȟǺȋȣƊà

hűȞƵǾǬɌɖȰɖȏÃ»ė�ȏƽœȣŌȀǺȋȊǬÜØȱȳȼɈǵɌɖȰɖȏƟƿƔĺ

"ÆȣÜØȀȟǺȋȣŋƜȀȟǭ 

öȭɖȳȎǳǸȟăƘȊȏAÖȣ Table 5-44ȎŌȀǭ 

 

 

ǘDƟƿƔĺŖā�ƦçȐ 2018¨ 11ðȏı�ȏçȋǾǬ�Ʀçȏ 2çAȎƔĺāȣ

"ÆȀȟǭÜØȱȳȼɈȎȐ�AȧɔɅȺȾȋǾȉǬƟƿĥȗǘDǆȋ�XȊȏǘD%Ā

ǵµƋȊǯȟǭƟƿĥȗǘDǆȐǬA¨ȏ_ǿçȏǙƋǆ�Ű)ȏǱȆ 7Bȏǆȋ��Ȁ

ȟǭ�XȊȏǘD%ĀȐ¥ê BU%ĀǬŅ�X%Āȣ 12[yen/kW]Ȋ��ȋȀȟǭ¥ê

BUǬŅ�XȏƟƿǆ^Ɣ)ǵ 100[kW]Ǵȝ 600[kW]ȏǍȊɌɖȰɖǵzíȀȟǺȋǵ

ȊǶȟȋȀȟǭêǍA¡s%Āȣ¥ȎȳɆȺȾ%Ā+25Ȋ)IǶȀȟȋ��ǾǬ[32] êǍA

¡s%Āï�)ȣ._'_%01+2 ȋ��ȀȟǭǘDǙƋǆ�ĩȏţªȏ¦ȋǾȉ 5.3.2.2ȏŬý

ȜȞǬ(2ȣ 155[kW]ȋƗ�ȀȟǭȳɆȺȾ%Ā�ĩȏţªȏ¦ȋǾȉ 5.3.3.2ȏŬýȜȞǬ()ȣ

Table 5-44 ļwĦıġýÀ¿359H�Ûģ���"u¾ 

u¾Ŀā u¾ 

ļwĦıġýċÙ�ĪÆ 2018© 11Ë�ó��Æ 

ġýċÙÆ �ĪÆ� 2Æu 

Ħıê�ļwĳ u©���Æ�ĽĞĳ�Ĕi��� 7
v 

¦Ç@8/(8CgØ: !' 
ă��¯gØ: 3' 

10 [yen/kWh]�U� 

¦Ç@8/(8C�ă��¯���¯ĳ 

+' + -' 

�6*H598C��! 
100[V kW]� 600[V kW] 

Çĸu¤�gØÊ�i: 4_'_%01 ._'_%01+2[yen/kW] 

ļwĽĞ[ì� RMSE: (2 155 [V kW] 

5F8;gØ[ì� RMSE: () 3.73 [yen/kWh] 
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3.73[yen/kWh]ȋƗ�Ȁȟǭ 

������� 9�:08��* 

 

ǘDǙƋǆȏ�ĩȣƅǱȄșǬɌɖȰɖȐ�Ʀçȏç�ȋĒƦÂrȣ/DȀȟǭ/DǼ

ȠȟȽɖȷȣ Table 5-45ȎŌȀǭ 
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Table 5-45 ļwĽĞĳ�[ì����KT2T��"mw 

Æa 6*H5

98C 

áë 

[�] 

í¬ 

[%] 

ÆñÇĸ 

[h] 

ĺâĳ 

[mm] 

ŀĭ 

[m/s] 

2018/11/30   11.2 82 0 0 1.8 

2018/11/30  11.2 82 0 0 1.8 

2018/11/30  11.1 73 0 0 3 

2018/11/30  11.1 73 0 0 3 

2018/11/30  10.3 72 0 0 2.1 

2018/11/30  10.3 72 0 0 2.1 

2018/11/30  10.3 61 0 0 3.2 

2018/11/30  10.3 61 0 0 3.2 

2018/11/30  9.5 63 0 0 2.9 

2018/11/30   9.5 63 0 0 2.9 

2018/11/30    8.8 63 0 0 2.7 

2018/11/30   8.8 63 0 0 2.7 

2018/11/30   8.7 74 0 0 1.9 

2018/11/30   8.7 74 0 0 1.9 

2018/11/30   9.7 74 0.8 0 2 

2018/11/30   9.7 74 0.8 0 2 

2018/11/30   11.7 53 1 0 2.6 

2018/11/30   11.7 53 1 0 2.6 

2018/11/30   13.3 45 1 0 2.1 

2018/11/30  13.3 45 1 0 2.1 

2018/11/30   14.3 41 1 0 2.4 

2018/11/30  14.3 41 1 0 2.4 

2018/11/30  15 39 1 0 1.2 

2018/11/30  15 39 1 0 1.2 

2018/11/30  15.8 39 1 0 1.5 

2018/11/30  15.8 39 1 0 1.5 

2018/11/30  15.7 33 1 0 1.4 



 

 
 

ķÿ359H�Ûģ 

83 

 

�hȏȭɖȳȊȐǬ2018/11/30ȏƽTȏĒƦ�ŰȽɖȷȣ/DǾȉǰȟǭ 

/DȽɖȷȣȚȋȎÜØȱȳȼɈȐǘDǙƋǆȏ�ĩȣƅǱǭÜØȱȳȼɈǵ8DǾȄ�

ĩ)ȣȬɎɃNǾȄȚȏȣ Fig. 5-6ȎŌȀǭ 

 

2018/11/30  15.7 33 1 0 1.4 

2018/11/30  15 41 1 0 2.9 

2018/11/30  15 41 1 0 2.9 

2018/11/30   14.1 44 1 0 2.4 

2018/11/30  14.1 44 1 0 2.4 

2018/11/30  12.4 44 0.1 0 2.3 

2018/11/30  12.4 44 0.1 0 2.3 

2018/11/30  14 51 0 0 3.3 

2018/11/30  14 51 0 0 3.3 

2018/11/30  14.1 52 0 0 2.2 

2018/11/30  14.1 52 0 0 2.2 

2018/11/30  13.8 54 0 0 3 

2018/11/30  13.8 54 0 0 3 

2018/11/30   13.3 55 0 0 2.2 

2018/11/30  13.3 55 0 0 2.2 

2018/11/30  12.1 63 0 0 2.2 

2018/11/30  12.1 63 0 0 2.2 

2018/11/30  11.8 61 0 0 2.2 

2018/11/30  11.8 61 0 0 2.2 

2018/11/30  10.7 70 0 0 3.4 

2018/11/30  10.7 70 0 0 3.4 
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Fig. 5-6À¿359H�pw#�ļwĽĞĳ[ìi��Ĕi 

 

�ĩȏŬýȜȞǬ~ȏêǍ£ȊȏǘDǙƋǆȐ ǷȍȞǬóȏƸMêǍȋ{åȏ¤�ê

ǍȊȐǙƋǆǵǦǷȍȇȉǰȟǺȋǵƞȗXȠȟǭ 

������� ����'��* 

čȎ JEPX ȳɆȺȾ¡s%Āȏ�ĩǵƅȢȠȟǭ�Ʀçȏç�ȋĒƦÂrǵ/DȽɖȷ

ȋǾȉµƋȊǯȟǭöȭɖȳȊ/DǼȠȟȽɖȷȣ Table 5-46ȎŌȀǭ 
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Table 5-465F8;gØ[ì����KT2T��"mw 

Æa 6*

H5

98

C 

áë 

[�] 

í

¬ 

[%] 

Æ

ñ

Ç

ĸ 

[h] 

ĺâĳ 

[mm] 

ŀĭ 

[m/s] 

}ä

lò

gØ

Đi 

[$] 

LNG
lòg

ØĐi 

[$] 

ąî

lò

gØ

Đi 

[$] 

2018/11/30   11.2 82 0 0 1.8 50.93 4.612 73.55 

2018/11/30  11.2 82 0 0 1.8 50.93 4.612 73.55 

2018/11/30  11.1 73 0 0 3 50.93 4.612 73.55 

2018/11/30  11.1 73 0 0 3 50.93 4.612 73.55 

2018/11/30  10.3 72 0 0 2.1 50.93 4.612 73.55 

2018/11/30  10.3 72 0 0 2.1 50.93 4.612 73.55 

2018/11/30  10.3 61 0 0 3.2 50.93 4.612 73.55 

2018/11/30  10.3 61 0 0 3.2 50.93 4.612 73.55 

2018/11/30  9.5 63 0 0 2.9 50.93 4.612 73.55 

2018/11/30   9.5 63 0 0 2.9 50.93 4.612 73.55 

2018/11/30    8.8 63 0 0 2.7 50.93 4.612 73.55 

2018/11/30   8.8 63 0 0 2.7 50.93 4.612 73.55 

2018/11/30   8.7 74 0 0 1.9 50.93 4.612 73.55 

2018/11/30   8.7 74 0 0 1.9 50.93 4.612 73.55 

2018/11/30   9.7 74 0.8 0 2 50.93 4.612 73.55 

2018/11/30   9.7 74 0.8 0 2 50.93 4.612 73.55 

2018/11/30   11.7 53 1 0 2.6 50.93 4.612 73.55 

2018/11/30   11.7 53 1 0 2.6 50.93 4.612 73.55 

2018/11/30   13.3 45 1 0 2.1 50.93 4.612 73.55 

2018/11/30  13.3 45 1 0 2.1 50.93 4.612 73.55 

2018/11/30   14.3 41 1 0 2.4 50.93 4.612 73.55 

2018/11/30  14.3 41 1 0 2.4 50.93 4.612 73.55 

2018/11/30  15 39 1 0 1.2 50.93 4.612 73.55 

2018/11/30  15 39 1 0 1.2 50.93 4.612 73.55 

2018/11/30  15.8 39 1 0 1.5 50.93 4.612 73.55 
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öȭɖȳȊȐ 2018/11/30ȏƽTȏĒƦ�ŰȽɖȷȋįã.İ%Āȏũ)ȣ�ĩȽɖȷ

ȋǾȉ/DǾȉǰȟǭ 

/DȽɖȷȣȚȋȎÜØȱȳȼɈǵȳɆȺȾ%Āȏȏ�ĩȣƅǱǭÜØȱȳȼɈǵ8DǾȄ

�ĩ)ȣȬɎɃNǾȄȚȏȣ Fig. 5-7ȎŌȀǭ 

 

2018/11/30  15.8 39 1 0 1.5 50.93 4.612 73.55 

2018/11/30  15.7 33 1 0 1.4 50.93 4.612 73.55 

2018/11/30  15.7 33 1 0 1.4 50.93 4.612 73.55 

2018/11/30  15 41 1 0 2.9 50.93 4.612 73.55 

2018/11/30  15 41 1 0 2.9 50.93 4.612 73.55 

2018/11/30   14.1 44 1 0 2.4 50.93 4.612 73.55 

2018/11/30  14.1 44 1 0 2.4 50.93 4.612 73.55 

2018/11/30  12.4 44 0.1 0 2.3 50.93 4.612 73.55 

2018/11/30  12.4 44 0.1 0 2.3 50.93 4.612 73.55 

2018/11/30  14 51 0 0 3.3 50.93 4.612 73.55 

2018/11/30  14 51 0 0 3.3 50.93 4.612 73.55 

2018/11/30  14.1 52 0 0 2.2 50.93 4.612 73.55 

2018/11/30  14.1 52 0 0 2.2 50.93 4.612 73.55 

2018/11/30  13.8 54 0 0 3 50.93 4.612 73.55 

2018/11/30  13.8 54 0 0 3 50.93 4.612 73.55 

2018/11/30   13.3 55 0 0 2.2 50.93 4.612 73.55 

2018/11/30  13.3 55 0 0 2.2 50.93 4.612 73.55 

2018/11/30  12.1 63 0 0 2.2 50.93 4.612 73.55 

2018/11/30  12.1 63 0 0 2.2 50.93 4.612 73.55 

2018/11/30  11.8 61 0 0 2.2 50.93 4.612 73.55 

2018/11/30  11.8 61 0 0 2.2 50.93 4.612 73.55 

2018/11/30  10.7 70 0 0 3.4 50.93 4.612 73.55 

2018/11/30  10.7 70 0 0 3.4 50.93 4.612 73.55 
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Fig. 5-7À¿359H�pw#�5F8;gØ[ìi��Ĕi 

 

�ĩȏŬýȜȞǬıȎ{åȏ¤�êǍȊȏȳɆȺȾ%Āǵ�éǾȉǰȟǺȋǵ9ǴȟǭȖȄ

ǺȏçȐ¼ĬȎȳɆȺȾ%Āǵ�éȀȟêǍ£ǵȍǰǺȋǵ9Ǵȟǭ 

 

������� 57����� 

ǘDǙƋǆȋ JEPX ȳɆȺȾ¡s%Āȏ�ĩ)ȣȚȋȎǬÜØȱȳȼɈȐƟƿǵµƋȍǘ

DǆǬ]XȊȏǘD%ĀȣƎƏNȀȟǭɌɖȰɖȐƎƏNǾȄÂrȣȚȋȎǬƟƿƔĺ

ǆ*'ȋǬ¥ê BUǬŅ�XȏƟƿǆ^Ɣ)+' + -'ȣȱȳȼɈȎ/DȀȟǭ/DǼȠȄƟ

ƿƔĺāȣǬÜØȱȳȼɈȐ 1kWǯȄȞȏƟƿȮȳȾǬƟƿȮȳȾȏ§mǬƟƿȮȳȾȏzI

¦ȋǰȇȄǟŃȊƙ%ȀȟǭȖȁǬȱȳȼɈǵ8DǾȄƟƿǵµƋȍǘDǆȣ Fig. 5-8ȎŌ

Ȁǭ 

 

 

Fig. 5-8À¿359H�pw#�Ħı	´Ğ�ļwĳ 
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Fig. 5-8 ȜȞǬ{åȏêǍȎıȎǘDƟƿǵµƋȍǺȋǵ9ǴȟǭƟƿȮȳȾȣ��ǼȂȟ

ȄșȎȐǬ]ȷȧɈȳȼȺɅȊ�ĩï�9ȖȊƩ/ǾȉǬ�ƫ9ǵĿĶǾȍǰȜǱȎƩ/Ȁȟ

µƋǵǯȟǭ�ǰƟƿȮȳȾȊȏƩ/ȣŃÐȀȍȝȑǬµƋï ǐȏǘDǆȣƟƿǾǬǙƋ

ǆǵ�hȇȄ9ȅǸêǍA¡sȊƟƿȀȟȋǰǱÇĽȚȋȟǺȋǵȊǶȟǭ 

 

 

Fig. 5-9À¿359H�pw#���¯��ļwgØ 

 

Fig. 5-9 ȜȞǬ0:00~6:00Ǭ10:00~14:00ȏêǍ£ȐǬȳɆȺȾ%Ā�ĩȏï�)ǵ¥ê

BUǬŅ�XȊȏ%ĀȎǛ¥Ȏƴǰ)Ȏǯȟǭ6:00~10:00Ǭ14:00~16:00ȊȐǬȳɆȺȾ%

Āȏ�ĩï�)ǵ¥ê BUǬŅ�XȊȏ%Āȣ�ǶǷ�hȇȉǰȟǭȖȄǬ16:30~18:00

ȊȐȳɆȺȾ%Āȏ�ĩï�)ȜȞȚ¥ê BUǬŅ�XȊȏ%Āȏåǵ�ǷȍȟǭǺȏêǍ

£ȊȐǬ¥ê BUǬŅ�XȊƩ/Ȁȟȋ�ǷƩ/ȀȟǺȋǵȊǶȟǭ 

čȎ Fig. 5-8ȏŬýȋǬFig. 5-9ȏŬýȣUŴȎǾȉǬɌɖȰɖȐƟƿƔĺǆ*'ȋ¥ê

BUǬŅ�XȊȏƟƿǆ+' + -'ȣ/DȀȟǭɌɖȰɖȏ/DȣȚȋȎǬȱȳȼɈȐ 1kWh

ǯȄȞȏƟƿȮȳȾȋƟƿȮȳȾȏzI¦ǬƟƿȮȳȾȏ§mȣ8DȀȟǭ8DŬýȣȚȋȎǬ

ɌɖȰɖȐ/D)ȣ6ª'ĎǾǬ8DŬýȣŋƜȀȟǭǺǱǰȇȄ"ąȣűȞƵȀǺȋȊ

ɌɖȰɖȐŸƮȏƟƿƔĺȣ"ÆȀȟǭöȭɖȳȎǳǰȉȐǬɌɖȰɖǵ 5hǺȏȜǱȍ

"ąȣűȞƵǾȄȚȏȋȀȟǭ"ÆǼȠȄ 5ȈȏƟƿƔĺāȣ Table 5-47ȎŌȀǭ 
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1hŃȏƟƿƔĺāȊȐǬƔĺƟƿǆȣƟƿǵµƋȍǘDȏǆï�)ȋǾǬ¥êɁȺȫ

ȥȺɅǬŅ�XǴȝȏƟƿǆȐ 100[� kW]Ȋ��ȋǾȄǭ 

2hŃȏƟƿƔĺāȊȐǬƔĺƟƿǆȣƟƿǵµƋȍǘDǆȏï�)ȋǾǬ¥êɁȺȫ

ȥȺɅǬŅ�XǴȝȏƟƿǆȣ 600[� kW]Ȋ��ȋǾȄǭ 

3hŃȏƟƿƔĺāȊȐǬƔĺƟƿǆȣƟƿǵµƋȍǘDǆȏï�)ȋǾǬ¥êɁȺȫ

ȥȺɅǬŅ�XǴȝȏƟƿǆȣ 100[� kW]Ȋ��ȋǾȄǭ 

4hŃȏƟƿƔĺāȊȐǬƔĺƟƿǆȣƟƿǵµƋȍǘDǆȏï�)ȋǾǬ¥êɁȺȫ

ȥȺɅǬŅ�XǴȝȏƟƿǆȣ 600[� kW]Ȋ��ȋǾȄǭ 

5hŃȏƟƿƔĺāȊȐǬƔĺƟƿǆȣƟƿǵµƋȍǘDǆï�)ȋǾȄǭ¥êɁȺȫ

ȥȺɅǬŅ�XǴȝȏƟƿǆȐȳɆȺȾ%ĀǵǦǥȀȟ

8: 30~10: 00, 16: 00~20: 00ȏêǍ£Ȋ600[� kW]ȋǾǬȃȠ�|ȏêǍ£ȊȐ 100[�

kW]ȋǾȄǭɌɖȰɖȎȜȇȉ"ÆǼȠȄƟƿƔĺāǴȝȱȳȼɈǵš8ǾȄƟƿȮȳȾȣ

Fig. 5-10ȎŌȀǭ 

Table 5-47 KT2T	f¹��ĦıġýÙ�mw 

ĦıġýÙ mw 

1�ā�ĦıġýÙ *' = 	@'_%01 
+' + -' = 100Ȋ�� 

2�ā�ĦıġýÙ *' = 	@'_%01 

+' + -' = 600Ȋ�� 

3�ā�ĦıġýÙ *' = 	@'_%&' 
+' + -' = 100Ȋ�� 

4�ā�ĦıġýÙ *' = 	@'_%&' 
+' + -' = 600Ȋ�� 

5�ā�ĦıġýÙ *' = 	@'_%01 

 
8: 30~10: 00, 16: 00~20: 00ȏêǍ£Ȋ	+' + -' = 600 

�#b��Çĸ¥� +' + -' = 100 
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Fig. 5-10KT2T��!f¹#�ĦıġýÙ�ĦıġýÙ��Ħı15; 
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�+ȏȬɎɃȐƟƿāȋǾȉɌɖȰɖǵ/DǾȄǬŅ�Xɕ¥êɁȺȫȥȺɅȊȏƟƿ

ǆǬJEPX ȳɆȺȾ¡sȊȏƟƿǆȋȃȏ^Ɣ)ȣŌȀǭǧſȏǃ9ǵŅ�Xɕ¥êɁȺȫ

ȥȺɅȊȏƟƿǆȣŌǾǬǚſȏǃ9ǵ JEPX ȳɆȺȾ¡sȊȏƟƿǆȣŌǾȉǰȟǭ1hŃ

ȏƔĺāȊȐǬ0!ȊȏƟƿǆǵ}ǷǬƟƿǆȎǎǾȉȐ��¶`Ȋǯȟ�åǬƟƿB^

ȎǎǾȉȐǬŅ�Xɕ¥êɁȺȫȥȺɅȊȏƟƿB^ǵ�ȍǷǬ %Ā¶`ȊǯȟȋƓǲ

ȟǭ2hŃȏƔĺāȊȐǬ0!ȊȏƟƿǆǵ}ǷǬƟƿǆȎǎǾȉȐ��¶`ȊǯȟǺȋȎ

EǲǬƟƿB^ȎǎǾȉȚǬŅ�Xɕ¥êɁȺȫȥȺɅȊȏƟƿB^ǵ}ǷǬ��¶`Ȋ

ǯȟȋƓǲȟǭ3hŃȏƔĺāȊȐǬ0!ȊȏƟƿǆǵ�ȍǷǬƟƿǆȎǎǾȉȐ %Ā¶

`ȊǯȟǺȋȎEǲǬƟƿB^ȎǎǾȉȚǬŅ�Xɕ¥êɁȺȫȥȺɅȊȏƟƿB^ǵ�ȍ

ǷǬ %Ā¶`ȊǯȟȋƓǲȟǭɘhŃȏƔĺāȊȐǬ0!ȊȏƟƿǆǵ�ȍǷǬƟƿǆȎ

ǎǾȉȐ %Ā¶`Ȋǯȟ�åǬƟƿB^ȎǎǾȉȐǬŅ�Xɕ¥êɁȺȫȥȺɅȊȏƟ

ƿB^ǵ}ǷǬ��¶`ȊǯȟȋƓǲȟǭ 

[+ȏȬɎɃȐɌɖȰɖǵ/DǾȄ]ƟƿƔĺāȎ�ǾȉǬÜØȱȳȼɈǵ8DǾȄǬ

1kWhǯȄȞȏƟƿȮȳȾǬƟƿȮȳȾȏ§mǬƟƿȮȳȾȏzI¦ȣŌǾȉǰȟǭ 

1hŃȎ"ÆǾȄƟƿƔĺāȋǬ2hŃȎ"ÆǾȄƟƿƔĺāȣđưȀȟȋǬ2hŃȎ"

ÆǾȄƟƿƔĺāȏåǵƟƿȮȳȾ¦ǵ 3.11[yen/kWh]�ǼǷȍȇȉǰȟ�åȊǬƟƿȮȳȾ

§mȐ 2hŃȏåǵ 0.42[yen/kWh]ǦǷȍȇȉǰȟǺȋǵ9Ǵȟǭ¥êɁȺȫȥȺɅǬŅ�X

ȊȏƟƿB^ȣvțǾȄȄșǬ%Āȏ��ǵvǾȄ�åȊǬȮȳȾȏ§mȐ�éǾȄȋŴ

ǲȝȠȟǭ 

čȎǬ2hŃȎ"ÆǾȄƟƿƔĺāȋǬ3hŃȎ"ÆǾȄƟƿƔĺāȣđưȀȟǭ3hŃ

Ȏ"ÆǾȄƟƿƔĺāȏåǵƟƿȮȳȾ¦ǵ 3.27[yen/kWh]�ǶǷȍȇȉǰȟ�åȊǬƟƿ

ȮȳȾ§mȐ 3hŃȏåǵ 0.24[yen/kWh] Ƿȍȇȉǰȟǭ6Ȓ¥êɁȺȫȥȺɅǬŅ�X

ȊȏƟƿB^ȣĦȝǾȄȄșǬ��½ǵĦȇȄ�åȊǬ§mȮȳȾȐ ǷȍȇȉǰȟȋŴǲȝ

Ƞȟǭ 

3hŃȎ"ÆǾȄƟƿƔĺāȋǬ4hŃȎ"ÆǾȄƟƿƔĺāȣđưȀȟǭ4hŃȎ"

ÆǾȄƟƿƔĺāȏåǵƟƿȮȳȾ¦ǵ 3.41[yen/kWh]�ǼǷȍȇȉǰȟ�åȊǬƟƿȮȳȾ

§mȐ 4hŃȏåǵ 0.57[yen/kWh]ǦǷȍȇȉǰȟǭ¥êɁȺȫȥȺɅǬŅ�XȊȏƟƿ

B^ȣvțǾȄȄșǬ%Āȏ��ǵvǾȄ�åȊǬȮȳȾȏ§mȐ�éǾȄȋŴǲȝȠȟǭ 

ï³Ȏ 4hŃȎ"ÆǾȄƟƿƔĺāȋǬ5hŃȎ"ÆǾȄƟƿƔĺāȣđưȀȟǭ5h

ŃȎ"ÆǾȄƟƿƔĺāȏåǵƟƿȮȳȾ¦ǵ 2.54[yen/kWh]�ǼǷȍȇȉǰȟ�åȊǬƟ

ƿȮȳȾ§mȐ 5hŃȏåǵ 0.92[yen/kWh]ǦǷȍȇȉǰȟǭ5hŃȊȐȳɆȺȾ%Āǵ¥ê
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ɁȺȫȥȺɅǬŅ�XȜȞǦǰêȎȐǬ¥êɁȺȫȥȺɅǬŅ�XȊƩ/ǾǬȃȠ�|Ȋ

ȐȳɆȺȾ¡sȊƩ/ǾȉǰȟǭȜȇȉƟƿȮȳȾ§mǵ�ȏȌȏƟƿƔĺāȜȞ�Ƿȍȇȉ

ǰȟǭɌɖȰɖȐƟƿȮȳȾ§mǵ�ľ Ƿȍȟ 5ľŃȎ"ÆǾȄƟƿƔĺāȣïũƟƿ

ƔĺȋǾȄǭ 

čȎɌɖȰɖǵ"ÆǾȄƟƿƔĺāȎǳǸȟƟƿ¦ȋƟƿȮȳȾ§mȏ)ȣɅɒȺȾǾȄ

ȬɎɃȣ Fig. 5-11ȎŌȀǭ 

 

 

Fig. 5-11KT2T	f¹��ĦıġýÙ���"Ħı15;§�Ħı15;¨� 

 

2hŃǬ4hŃȎ"ÆǾȄƟƿƔĺāȊȐǬƟƿȮȳȾ¦ǵ�ǼǷȍȇȉǰȟȏǵ9Ǵȟǭ

2hŃǬ4hŃȊȐǬ%ĀzIȏȍǰ��ǾȄXǴȝï�ǐǘDȣƟƿǾȉǳȞǬȃȏ±

ǝǵ8ȉǰȟȋŴǲȝȠȟǭ�åȊǬ1hŃǬ3hŃǬ5hŃȎ"ÆǾȄƟƿƔĺāȊȐǬƟ

ƿȮȳȾ§mǵ�ǼǷȍȇȉǰȟǭǺȠȐǬŅ�XǬ¥êɁȺȫȥȺɅǴȝƟƿǆȣËǲǬ�

ǰ%ĀȊƟƿȊǶȟZŷ½ȏǯȟǬȳɆȺȾ¡sȊȏƟƿB^ǵ�ǶǰȄșȅȋŴǲȝǲȟǭ

5hŃȎ"ÆǾȄƟƿƔĺāȊȐǬpöŀȎȐ%Āȏ�ǰȳɆȺȾ¡sȊȏǘDƟƿȣ-
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.ǾȍǵȝȚǬ%ĀǵǦǥȀȟȋ�ĩǼȠȟêǍ£ȎȐǬŅ�XǬ¥êɁȺȫȥȺɅǴȝȏ

ƟƿȣvțǾȉǰȟǭǺȏǺȋǵ±ǝǾǬ1hŃǬ3hŃȎ"ÆǾȄƔĺāȜȞǬƟƿȮȳȾ§

mǵ ǷǬƟƿȮȳȾ¦ǵ�ǼǰƟƿƔĺāȋȍȇȉǰȟǭȖȄ0!ȊƌȉȚƟƿȮȳȾ§m

ǵïȚ ǰƟƿƔĺāȊǯȟǺȋǵ9ǴȟǭƟƿƔĺǆ*'ȋ¥ê BUǬŅ�XȊȏƟƿǆ

+' + -'ȣ/DȎ�ǾȉǬ1kWhǯȄȞȏƟƿȮȳȾǬƟƿȮȳȾ§mǬƟƿȮȳȾ¦ȣ8DȀȟ

ǺȋȊǬɌɖȰɖǵƟƿƔĺāȏđưăƕȣȀȟǺȋǵȊǶǬïũŀȍƟƿƔĺȣ"ÆȀȟ

ǺȋǵZŷȊǯȟǺȋȣŌǾȄǭ 

5.3.5 	�
 

öŢȊȐÜØȱȳȼɈȏñG½ȏăƘȣƅȇȄǭǘDǙƋ�ĩȱȳȼɈȏţªȣƽT 2

¨9ȏĒƦȽɖȷȣĸǰȉȫɒȳɁɏȽɖȱɍɔȎȜȇȉƙ%ǾȄǭǘD%Ā�ĩȱȳȼɈȏ

ţªȎȈǰȉȐǬƽT 2¨9ȏĒƦȽɖȷȋįã%ĀȽɖȷȣĸǰȉȫɒȳɁɏȽɖȱɍɔ

Ȋƙ%ǾȄǭï³ȎǌĿǾȄǘDƟƿƔĺÜØȱȳȼɈȣ�ǓȏƽTȏç�ǸȎ�Ǿȉǁ

ĸǾǬǌĿȱȳȼɈȎȜȇȉȌȏȜǱȎǘDƟƿƔĺāȏ"ÆǵÜØǼȠȟǴȣŋƜǾȄǭ

ɌɖȰɖǵ/DȀȟƟƿƔĺǆȋ¥ê BUǬŅ�XȊȏƟƿǆȎ�ǾǬÜØȱȳȼɈǵ

1kWhǯȄȞȏƟƿȮȳȾǬƟƿȮȳȾ§mǬƟƿȮȳȾ¦ȣ8DȀȟǺȋȊǬɌɖȰɖǵƟƿ

ƔĺāȏđưăƕȣȀȟǺȋǵȊǶǬïũŀȍƟƿƔĺȣ"ÆȀȟǺȋǵZŷȊǯȟǺȋȣ

ŌǾȄǭ 
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 ��
� 

öŗȊȐǬȖȁǘDƟƿƔĺÜØȱȳȼɈȏñĸ½ȎȈǰȉƶȕȟǭčȎǬǘDƟƿƔ

ĺÜØȱȳȼɈȏÅªƒûȣƅȇȄ³ȎǬǘDǙƋ�ĩȏţªȋǘD¡s%Ā�ĩȏţ

ªȎ��ȀȟƋiȣ9ûȀȟǭ 

 

 9�572,"!����#+����� 

öŊŕȏȭɖȳȳȷȽȦȊȐǬƽTȏç�Ȏ�ǾȉǬȱȳȼɈȣǁĸǾǬɌɖȰɖǵÃ»

ė�ȀȟȖȊȏĞȠȣŌȀǺȋȊǬ�½ŀȍñG½ȏăƘȣƅȇȄǭ�ǆŀȍȱȳȼɈȏñ

G½ȣăƘȀȟȄșȎȐǬǌĿȱȳȼɈȣ�ǓȏƼĸȎXȞ/ȠǬȃȏA³ȊQ�êǍ¯

ȄȞȏƟƿȮȳȾțǬǘD�yȞąŵȏ=łȏzNȣƙ%ȀȟµƋǵǯȟǭ 

 9�572,"!���� �1% 

6.3.1 )0 

ǘDǙƋ�ĩȏţªȋǘD%Ā�ĩţªǵǘDƟƿƔĺÜØȱȳȼɈȏ8DȎȌȏȜ

Ǳȍ±ǝȣ�ǲȟȏǴăƘȣƅȇȄǭɌɖȰɖȎȜȟƟƿƔĺāȣ��ȋǾǬǙƋ�ĩţª

ȋǘD%Ā�ĩţªȣzNǼȂȟȋǬ_ǿƟƿƔĺāȊƟƿȮȳȾ§mȋƟƿȮȳȾȏ¦ǵȌ

ȏȜǱȎzNȀȟȏǴȣŋƜȀȟǭƒûȊ/DȀȟƔĺāȣ Table 6-1ȎŌȀǭ 

 

 

Table 6-1ȊŌȀƔĺāȣ/DȋǾȉk�ǾȉǬţªȣzíǾȉǰǷǭzíǾȉǰǷţªȏ

)ȣȎ Table 6-2ȎŌȀǭ 

Table 6-1 ĠÔ�mw�"ġýÙ 

ĦıġýÙ mw 

ĦıġýÙ A *' = 	@'_%&'	

+' + -' = 100Ȋ�� 
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6.3.2 1%/& 

ÅªƒûȏŬýȣ Fig. 6-1ȎŌȀǭ 

 

 

Fig. 6-1[ìč¬��z��"Ħı15;§�Ħı15;¨���z 

 

ÅªƒûȏŬýȜȞǬǘD¡s%Āȏ�ĩţªȏ RMSE)ǵ 2Ǵȝ 1ȎzNȀȟȋǬƟ

ƿȮȳȾ¦ǵ 1[yen/kWh]ƴǷ�ǼǷȍȟǺȋǵƞȗXȠȟǭ 

 

Table 6-2 �É���� RMSEi 

RMSE i 

ļwĽĞĳ[ì� RMSE 60, 30, 15 
ļw¤�gØ[ì� RMSE 2, 1, 0.5  
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 �*.��0��% 

6.4.1 )0 

ǘDǙƋǆ�ĩţªȋǘD%Ā�ĩţªȎǎǾȉǬȌȏƋiǵţªȎ��ǾȉǰȟȏǴ

ȣ9ûȀȟǭ�ĩȏǓȎ"ÆǼȠȟė�õȣŋƜȀȟǺȋȊƋiȏ9ûȣƅǱǭ 

6.4.2 9�:08�*.��0��% 

ǘDǙƋǆ�ĩţªȏƋi9ûȏȄș 2016/4/1~2018/3/31ȏɗ¨ǍȏȽɖȷȣĸǰȉ

ė�õȣ"ÆȀȟǭ$ĸǾȄȽɖȷȣ Table 6-3ȎŌȀǭ 

 

 

Table 6-4ȎŌȀɀȧɂɖɂɎɉɖȷȊǬė�õȣ"ÆǾȄǭ 

 

 

 

 

 

Table 6-3 ļwĽĞĳ[ìč¬�Ğ�qÔ�����Ė:T6 

Name Value 
áë *B

(B) *E
(B) … *F

(B) 
ă�í¬ *B

(E) *E
(E) … *F

(E) 
ĺâĳ *B

(G) *E
(G) … *F

(G)

Æ�ĳ *B
(H) *E

(H) … *F
(H)

ŀĭ *B
(I) *E

(I) … *F
(I) 

Çte°MDO *B
(J) *E

(J) … *F
(J) 

Çtà°MDO *B
(K) *E

(K) … *F
(K) 

Æae°MDO *B
(L) *E

(L) … *F
(L) 

Æaà°MDO *B
(M) *E

(M) … *F
(M) 

ļwĽĞĳ NB NE … NF 
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Fig. 6-2č¬Ğ�Ûģ���f¹#�ļwĽĞ[ì� 1Ïā�ã�Î 

õ0!ǵêǍȋĒĨȎȜȇȉ9BǼȠȉǳȞǬǙƋǆ�ĩȎǳǰȉêǍȋĒĨȐǛ¥Ȏ

ǄƋȍƋiȊǯȟǺȋǵ9ǴȟǭĒĨȏǏ)Ȏ 27~29ǵõȏï;Ȋ$ȢȠȉǳȞǬĒĨǵ

ǦĨȊǯȟǴȌǱǴǵǛ¥ȎǄƋȍƋiȊǯȟǺȋǵ9Ǵȟǭ 

 

6.4.3 9��'�*.��0��% 

ǘD%Ā�ĩţªȏƋi9ûȏȄș 2016/4/1~2018/3/31ȏ 2¨ǍȏȽɖȷȣĸǰȉė

�õȣ"ÆȀȟǭ$ĸǾȄȽɖȷȣ Table 6-5ȎŌȀǭ 

 

 

Table 6-4 ļwĽĞĳ[ìč¬�Ğ�qÔ����?*ATAMIT6 

Parameter Value 

Maximum number of leaves per tree, ! 20 

Learning rate, " 10 

Total number of trees constructed, # 0.2 

Minimum number of samples per leaf 
node, $%&' 

10 
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AzureȏɊȲɋɖɐȣĸǰȉ Table 6-6ȎŌȀɀȧɂɖɂɎɉɖȷȊǬė�õȣ"ÆǾȄǭ 

ţªƋiăƘȏȄș"ÆǼȠȄǘD%Ā�ĩȏ 1öŃȏė�õȣ Fig. 6-3ȎŌȀǭ 

 

 

Table 6-5 ļwgØ[ìč¬�Ğ�qÔ�����Ė:T6 

Name Value 
áë *B

(B) *E
(B) … *F

(B) 
ă�í¬ *B

(E) *E
(E) … *F

(E) 
ĺâĳ *B

(G) *E
(G) … *F

(G)

Æ�ĳ *B
(H) *E

(H) … *F
(H)

ŀĭ *B
(I) *E

(I) … *F
(I) 

}ä(WTI)lò�¯gØ *B
(J) *E

(J) … *F
(J) 

ąîlò�¯gØ *B
(K) *E

(K) … *F
(K) 

�ð.5lò�¯gØ *B
(L) *E

(L) … *F
(L) 

Çte°MDO *B
(M) *E

(M) … *F
(M) 

Çtà°MDO *B
(BO) *E

(BO) … *F
(BO) 

Æae°MDO *B
(BB) *E

(BB) … *F
(BB) 

Æaà°MDO *B
(BE) *E

(BE) … *F
(BE) 

JEPX5F8;gØ NB NE … NF 
 

Table 6-6 ļwgØ[ìč¬�Ğ�qÔ����?*ATAMIT6 

Parameter Value 

Maximum number of leaves per tree, ! 20 

Learning rate, " 0.2 

Total number of trees constructed, # 10 

Minimum number of samples per leaf 
node, $%&' 

10 
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Fig. 6-3č¬Ğ�Ûģ���f¹#�ļwgØ[ì� 1Ïā�ã�Î 

 

ï;ȏ�Ƕȍ9BǵêǍǬĒĨȎȜȟ9Bǵ}ǰǺȋǵ9ǴȟǭĒĨȊȏ9BȐǏ)ǵ

28ț 5 ȋǰȇȄ)ȋȍȇȉǳȞǬĆŘȍĒĨȊ9BǾȉǰȟǺȋǵ9Ǵȟǭç�ȏȽɖȷȜȞ

ê?ȏȽɖȷ.Ȏ9BǵøȉǳȞǬê?ȏȽɖȷȏåǵñĸȊǯȟǺȋǵ9ǴȟǭĒƦȽɖ

ȷȏ	ȊȚǬǢƹȋç�ǆȐï;ȏõȊȏ9B�ƦȋȍȇȉǰȍǰȏȊǬţªȔȏ��ǵ

 ǰǺȋǵ9ǴȟǭSĚ%Āțŉĭ%ĀȚ9BȎµƋȍzàȋȍȇȉǳȞǬįã%ĀǵǘD

%Āȏ�ĩţªȎ��ǾȉǰȟǺȋǵ9Ǵȟǭ 
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öŊŕȊȐǬǘD�y�ąŵȏǘDXȣÜØȀȟȱȳȼɈȏǌĿȣƅȇȄǭ3!ŀȎ

ȐǬƟƿǵµƋȍǘDǆȋǘDX%ĀȏÖŌȣƅǰǬɌɖȰɖǵ/DȀȟƟƿƔĺā

ȣǘDƟƿȮȳȾȊƙ%ȀȟǺȋȊǬǘDƟƿƔĺ"ÆȣÜØȀȟǭ 

ȭɖȳȳȷȽȦȊȐǬÜØȱȳȼɈȏpöŀȍČŷȏăƘȋǾȉǬǌĿȎĸǰȄ Azureȏ

ɎȧɄɎɏȏÑIȏŋƜǬǘDǙƋǬȳɆȺȾ%Āȏ�ĩţªȏƙ%ȣƅȍȇȄǭȖȄǬǌĿ

ÜØȱȳȼɈȣƽTȏ�Ǔȏç�ȎǁĸǾǬɌɖȰɖȏÃ»ė�ȏĞȠȣŌȀǺȋȊǬǌ

ĿȱȳȼɈȎȜȇȉǬǘDƟƿƔĺ"ÆȣÜØȊǶȟǺȋȣŌǾȄǭ 

 ����$ 

öŊŕȏȭɖȳȳȷȽȦȊȐǬƽTȏç�Ȏ�ǾȉǬȱȳȼɈȣǁĸǾǬɌɖȰɖǵÃ»

ė�ȀȟȖȊȏĞȠȣŌǾȀǺȋȊǬ�½ŀȍñG½ȏăƘȣƅȇȄǭ�ǆŀȍȱȳȼɈȏ

ñG½ȣăƘȀȟȄșȎȐǬǌĿȱȳȼɈȣ�ǓȏƼĸȎXȞ/ȠǬȃȏA³Ȋ 1kWh¯

ȄȞȏƟƿȮȳȾțǬǘD�yȞąŵȏ=łȏzNȣƙ%ȀȟµƋǵǯȟǭ 
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Ŋŕ�ȏ³ƱȊǯȟśSƿĉǬú�«§ĉȎȐǬŊŕ�ƼgȎǎȢȟ}Ƿȏ��ȣ

ÍȇȉǰȄȅǶǬŊŕȎǖ	ȊǶȟȜǱȯɆɖȾǾȉǰȄȅǶȖǾȄǭ�Ę*¿ĉǬ�ĠŚ�

ĉǬƪ�ĄĉǬKhatun Mst TsakiaĉǬSaul Trujillo CastilloĉǬƁ�Ä�ǂĉǬq�À\ĉ

ȋȐǬƲƢțëďȏ�ƚȊǬŊŕȎǎȀȟƥơȣǼȂȉǞǶȖǾȄǭŁĉǴȝ�ȓǺȋȚ}ǷǬ

>ĬȣYǸȖǾȄǭıȎ Saul ĉȋȐǬùĜȱȳȼɈǌĿÿ¬�ōȋȏ2_ŊŕȊǘDǙƋ

�ĩȱȳȼɈȏ"ÆȏƈFȣǾȉǞǶȖǾȄǭȃȏǓȎ Saul ĉǵŦèǷ��ȎXȞŪȗȥȨ

ȾɅȺȾȣ8Ȁ�ȐŐȎȋȇȉ�z>ĬȎȍȞǬ2_ŊŕȎǎȀȟ Saul ĉȋȏƥơȐ�zñ

ÃŲȍȚȏȊǯȞȖǾȄǭǯȞǵȋǱǻǽǰȖǾȄǭ 
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ļ�Ķȏ Nat HengsadeekulĉǬAzure Yuanyuan QinĉǬUTSIPĶȏ Yuling LiuĉǬ

Shekhar ShivhareĉȎȐǬŊŕĶĝȣƸǾȉǬlǓŀȍƎĮțŴǲåȣßȢȞȖǾȄǭǯȞǵ

ȋǱǻǽǰȖǾȄǭ 

 

ï³ȎȍȞȖǾȄǵǬ��ǑĶĝȣ�ȞǯȟȚȏȎǾȉǷȠȄ}ǷȏV�ȋŐȋǎȢȇȉ�

ǼȇȄȀȕȉȏåǮȎÅƣǾȖȀǭȖȄ��ǑPąȖȊǇǉǜɕĶĝǜȊÜØǾȉǞǰȄ�

æȎ´ǴȝÅƣŹǾȖȀǭŁĉȎǞǰȄǻ¾ȎrǰȟǺȋǵȊǶȟȜǱ�DŹǾȖȀǭö¯Ȏ

ǯȞǵȋǱǻǽǰȖǾȄǭ 
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