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ੜੑ࢈ཁҼʹ͍ͯͮج ૚ผ͞ Εͨ

ιϑτ΢ΣΞ։ൃ޻਺ݟ ΓੵϞσϧ

ॏճؼ෼ੳʹΑΓ޻਺ੵݟΓϞσϧΛߏங͢Δ৔߹ɼԿΒ͔ͷج४ʹ͍ͯͮجϓϩδΣΫτΛ૚ผʢ෼ྨʣͨ͠

σʔληοτΛ࡞੒͠ɼ෼ྨ͝ͱʹੵݟΓϞσϧΛߏங͢Δ͜ͱ͕๬·͍͠ɽຊ࿦จͰ͸ɼੜੑ࢈ͱؔ࿈͕͍ڧ

ʢد༩཰ͷେ͖ͳʣϓϩδΣΫτಛੑʢ։ൃޠݴɼΞʔΩςΫνϟ౳ʣΛ༻͍ͯ૚ผΛ͜͏ߦͱΛఏҊ͢Δɽஂࡒ๏

ਓ ໛౰ͨΓཁһنௐࠪձ͕ऩूͨ͠���ϓϩδΣΫτΑΓநग़ͨ͠ɼ��ϓϩδΣΫτͷ࣮੷σʔλΛ෼ੳ͠ɼࡁܦ

਺ʢฏۉཁһ਺ʗ'1ʣͷد༩཰͕େ͖͍ʢد༩཰���ʣ͜ͱ͕෼͔ͬͨɽҰൠʹੵݟΓϞσϧར༻࣌ʹ͸ʢن໛౰

ͨΓʣཁһ਺͸֬ఆ͍ͯ͠ͳ͍͕ɼن໛౰ͨΓཁһ਺Λ֓ࢉ஋ʢେɼதɼখͷ�ஈ֊ʣͰܾΊΔ͜ͱ͸ൺֱత༰қ

Ͱ͋Δɽن໛౰ͨΓཁһ਺Λ༻͍ͯϓϩδΣΫτΛ�ͭʹ૚ผͨ݁͠ՌɼੵݟΓਫ਼౓͕େ͖͘վળ͢Δʢཁһ਺֓

தԝ஋͕�����͔Β�����ʹͳΔʣ͜ͱ͕෼͔ͬͨɽࠩޡΓ஋ͷ૬ରੵݟ਺޻���ͷ৔߹ɼ͕ۉฏࠩޡ஋ͷ૬ରࢉ

ιϑτ΢ΣΞ։ൃϓϩδΣΫτͷॳظஈ֊ʹ͓͍ͯ։

ࢿ਱ʹඞཁͳ׬΋Δ͜ͱ͸ɼϓϩδΣΫτੵݟ਺Λ޻ൃ

ͰॏཁͰ͋Δɽ্͏ߦͷ֬อ΍ɼεέδϡʔϧ؅ཧΛݯ

ͦͷͨΊʹɼաڈͷιϑτ΢ΣΞ։ൃϓϩδΣΫτͷ࣮

੷σʔλΛੵݟΓͷࠜڌʹ༻͍ΔఆྔతੵݟΓख๏͕਺

ଟ͘ఏҊ͞Εɼ༻͍ΒΕ͖ͯͨ [BOEHM1981]

[SHEPPERD1997] [SRINIVASAN1995][TSUNODA2005]ɽத

Ͱ΋ɼϓϩδΣΫτͷϝτϦΫεʢ։ൃن໛౳ʣΛઆ໌

ม਺ͱͯ͠༻͍ɼ໨తม਺Ͱ͋Δ։ൃ޻਺ͱͷؔ܎ΛҰ

Γ͸ɼιϑτੵݟ͍ͨ༺ϞσϧΛؼΔॏճ͢ݱͰදࣜ࣍

΢ΣΞπʔϧ͕ී͓ͯ͠ٴΓద༻͕༰қͳ͜ͱ͔Βɼ޿

Ε͖ͯͨ[BRIAND2000][WALSTON1977]ɽ͞ࢪ࣮͘
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4USBUJGJFE�CZ�1SPEVDUJWJUZ�' BDUPST
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8IFO�CVJMEJOH�FGGPSU�FTUJNBUJPO�NPEFMT�CZ�NVMUJQMF�SFHSFTTJPO�BOBMZTJT
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CVJME�NPEFMT�GPS�FBDI�TUSBUJGJFE�QSPKFDUT��*O�UIJT�QBQFS
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�BOE�BSDIJUFDUVSF�FU
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XBT����
��" MUIPVHI�JO�HFOFSBM�TJ[F�QFS�QSPKFDU�TJ[F�JT�OPU�GJYFE�XIFO�FTUJNBUJOH�FGGPSU
�JU�JT�OPU�WFSZ�EJGGJDVMU�UIBU�TJ[F�QFS�QSPKFDU�JT�GJYFE�BQQSPYJNBUFMZ�

8F�TUSBUJGJFE�QSPKFDUT�CZ�UFBN�TJ[F�QFS�QSPKFDU�TJ[F�BOE�CVJMU�NPEFMT�GPS�FBDI�TUSBUJGJFE�QSPKFDUT��" T�B�SFTVMU
�UIF�BDDVSBDZ�PG�UIF�NPEFMT�TIPXFE�CFUUFS

QFSGPSNBODF�UIBO B�NPEFM�CVJMU�GSPN�XIPMF�QSPKFDUT��BOE
�UIF�NFEJBO�PG�SFMBUJWF�FSSPS�PG�FTUJNBUFE�FGGPSU�XBT�JNQSPWFE�GSPN�������UP�������XIFO�UIF

BWFSBHF�PG�SFMBUJWF�FSSPS�PG�FTUJNBUFE�UFBN�TJ[F�XBT�����
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Ұൠʹɼॏճؼ෼ੳʹΑΓ޻਺ੵݟΓϞσϧΛߏங͢

Δࡍʹ͸ɼଟ༷ͳϓϩδΣΫτΛؚΉσʔληοτΛͦ

ͷ··༻͍ΔͷͰ͸ͳ͘ɼԿΒ͔ͷج४ʹ͍ͯͮجϓϩ

δΣΫτΛ૚ผʢ෼ྨʣͨ͠σʔληοτΛ࡞੒͠ɼ෼

ྨ͝ͱʹੵݟΓϞσϧΛߏங͢Δ͜ͱ͕๬·͍͠

[HOMMA2004]ɽਤ1͸ϓϩδΣΫτͷ෼ྨ͝ͱʹߏங͞

ΕͨੵݟΓϞσϧͷʢ୯७Խͨ͠ʣྫͰ͋Δɽ֤఺͸1

ͭͷϓϩδΣΫτΛද͢ɽ͜ͷྫͰ͸ɼ2ͭͷλΠϓͷ

ϓϩδΣΫτ͕ଘ͠ࡏɼͦΕͧΕͷ։ൃن໛ʢFPʣͱ։

Λ௚ઢʹΑΓϞσϧԽ͍ͯ͠Δɽ܎਺ʢਓ݄ʣͷؔ޻ൃ

ਤʹࣔ͢Α͏ʹɼҟͳΔλΠϓͷϓϩδΣΫτ͕ଘ͢ࡏ

Δ৔߹ɼ1ͭͷϞσϧʢ௚ઢʣΛ౰ͯ͸ΊͯੵݟΓϞσ

ϧΛߏஙͨ͠ͱͯ͠΋ɼੵݟΓࠩޡͷখ͞ͳϞσϧ͸ಘ

ΒΕͳ͍ɽ͜ͷͨΊɼϓϩδΣΫτΛ෼ྨ͢ΔͨΊͷܥ

౷తͳํ๏͕ٻΊΒΕΔɽ

͜͜Ͱਤ1Λৄ͢࡯؍ʹࡉΔͱɼ2ͭͷ௚ઢ͸͕͖܏େ

͖͘ҟͳ͓ͬͯΓɼ͜ͷ͖܏ͷҧ͍͸ੜੑ࢈ʢ։ൃن໛

ʢFPʣʗ։ൃ޻਺ʢਓ݄ʣʣͷҧ͍Ͱ͋Γɼੜ͕ੑ࢈େ͖

͘ҟͳΔϓϩδΣΫτ͕͍ࠞͯ͠ࡏΔ͜ͱ͕෼͔Δɽݟ

ੵΓࠩޡͷখ͞ͳϞσϧΛಘΔͨΊʹ͸ɼੜੑ࢈ͷҧ͍

ʹϓϩδΣΫτΛ෼ྨʢ૚ผʣ͠ɼ෼ྨ͝ͱ͍ͯͮجʹ

͸։ൃੑ࢈Δඞཁ͕͋Δɽͨͩ͠ɼੜ࡞ΓϞσϧΛੵݟ

׬਺͸ϓϩδΣΫτ͕޻਺Ͱද͞Εɼ։ൃ޻໛ʗ։ൃن

ྃ͢Δ·Ͱ֬ఆ͠ͳ͍ͨΊɼ޻਺ΛੵݟΔ࣌఺Ͱ͸ੜ࢈

ੑ͸ະ஌Ͱ͋Δɽ

ຊ࿦จͰ͸ɼੵݟΓΛ࣌͏ߦ఺ʹ͓͍ܾͯఆՄೳͳϓ

ϩδΣΫτಛੑʢ։ൃޠݴɼΞʔΩςΫνϟ౳ʣͷ͏ͪɼ

ੜੑ࢈ͱͷؔ࿈͕͍ڧʢد༩཰ͷେ͖ͳʣಛੑΛ༻͍ͯ

૚ผΛ͜͏ߦͱΛఏҊ͢Δɽ͜ΕʹΑΓɼੵݟΓΛ͏ߦ

ɼ͍ͯͮجʹ఺ʹ͓͍ܾͯఆ͍ͯ͠ΔϓϩδΣΫτಛੑ࣌

ར༻͢ΔੵݟΓϞσϧΛܾఆ͢Δ͜ͱ͕ग़དྷΔɽ

ຊ࿦จͰ͸ɼஂࡒ๏ਓ ௐࠪձ͕ऩूͨ͠43ϓϩδࡁܦ

ΣΫτͷ࣮੷σʔλΛ༻͍ͯɼ֤ϓϩδΣΫτಛੑͷ

ʢੜੑ࢈ʹର͢Δʣد༩཰ΛٻΊΔɽͦͯ͠ɼد༩཰ͷେ

͖ͳϓϩδΣΫτಛੑΛ༻͍ͯϓϩδΣΫτΛ૚ผ͠ɼ

ங͢Δɽ૚ผͷޮՌΛධՁ͢ΔͨΊʹɼߏΓϞσϧΛੵݟ

૚ผ͠ͳ͍৔߹ͷੵݟΓϞσϧͱੵݟΓਫ਼౓Λൺֱ͢Δɽ

Ҏ߱ɼୈ2અͰ͸෼ੳର৅ͷσʔλʹ͍ͭͯઆ໌͠ɼ

ୈ3અͰ͸ੜੑ࢈ͱϓϩδΣΫτಛੑͱͷؔ࿈ʹ͍ͭͯ

෼ੳ͢Δɽୈ 4અͰ͸ੜੑ࢈ͱؔ࿈ͷ͍ڧϓϩδΣΫτ

ಛੑʹ͍ͯͮجϓϩδΣΫτΛ૚ผ͠ɼϞσϧΛߏங͠

ͨ৔߹ͷੵݟΓਫ਼౓Λൺֱ͢Δɽୈ̑અͰ͸࣮݁ݧՌʹ

ର͢Δ࡯ߟΛ͍ߦɼୈ6અͰ͸ؔ࿈ڀݚʹ͍ͭͯઆ໌͠ɼ

ୈ̓અͰ·ͱΊΛड़΂Δɽ

2 ෼ੳର৅σʔλ

෼ੳʹ༻͍ͨσʔλ͸ɼ೔ຊϑΝϯΫγϣϯϙΠϯτ

ϢʔβձFP๏ར༻ݕ౼ձʢJFPUGʣٴͼಸྑઌ୺Պֶٕ

ज़େֶӃେֶͱͷڞಉௐࠪͱͯ͠ɼஂࡒ๏ਓ ௐࠪձࡁܦ

͕ฏ੒18೥౓ʹ110͔ࣾΒऩूͨ͠ɼ153ϓϩδΣΫτͷ

࣮੷஋Ͱ͋Δɽσʔλʹ͸ɼैۀһ਺4ਓͷ͔ۀاΒै

ͷϓϩδΣΫτ·Ͱؚ·Ε͓ͯۀاһ਺໿40,000ਓͷۀ

Γɼඇৗʹଟ༷Ͱ͋Δͱ͍͏ಛ௃͕͋ΔɽϓϩδΣΫτ

͝ͱʹɼ໿140ݸͷม਺ʢϓϩδΣΫτಛੑʣ͕ه࿥͞

Ε͍ͯΔɽͨͩ͠ɼม਺ʹΑͬͯ͸ܽଛ஋ʢ஋͕ະه࿥

Ͱ͋Δ͜ͱʣ͕ଟؚ͘·Ε͍ͯΔ৔߹͕͋ͬͨɽ

෼ੳର৅ͷϓϩδΣΫτͷ৚݅Λଗ͑ΔͨΊɼԼهͷ

৚݅ʹैͬͯσʔλΛநग़ͨ͠ɽ

ɾ৽ن։ൃͷϓϩδΣΫτʢվ଄ͷϓϩδΣΫτ͸෼ੳ

2 ෼ੳର৅σʔλ
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ਤ� ϓϩδΣΫτͷ෼ྨ ͱ͝ʹ ஙߏ Εͨ͞ੵݟΓϞσϧͷྫ

ද� ੜੑ࢈ͷ౷ྔܭ ʢ'1ʗ։ൃ޻਺ʣ
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͔Βআ֎ͨ͠ʣɽ

ɾجຊઃܭɼৄࡉઃܭɼϓϩάϥϜઃܭɾ੡଄ɼιϑτ

΢ΣΞςετɼγεςϜςετͷ޻ఔൺ཰ͷ߹͕ܭ

100%ͷϓϩδΣΫτɽ΋͘͠͸ɼ֤޻ఔͷൺ཰͸ܽ

ଛ͍ͯ͠Δ͕ɼ։ൃ޻ఔͷൣғ͕جຊઃ͔ܭΒγες

Ϝςετ·ͰͷϓϩδΣΫτʢҰ෦ͷ޻ఔ͔࣮͠͠ࢪ

͍ͯͳ͍ϓϩδΣΫτ͸෼ੳ͔Βআ֎ͨ͠ʣɽ

ɾFPʢϑΝϯΫγϣϯϙΠϯτʣɼ։ൃ޻਺͕ܭଌ͞Ε

͍ͯΔϓϩδΣΫτʢੜੑ࢈Λ͢ࢉܭΔͨΊʹ͸FPɼ

։ൃ޻਺͕ܭଌ͞Ε͍ͯΔඞཁ͕͋Δʣɽ

σʔλΛநग़ͨ݁͠Ռɼ෼ੳର৅ͷϓϩδΣΫτ͸43

݅ͱͳͬͨɽ෼ੳର৅ͷϓϩδΣΫτͷ͏ͪ37݅͸ࣄ຿

Γ͸ͦͷଞͷγεςϜ։ൃͰ͋Γɼ࢒ɼܥޚɼ4݅͸੍ܥ

૊ࠐΈܥγεςϜ։ൃͷϓϩδΣΫτ͸ؚ·Ε͍ͯͳ͔

ͬͨɽ1݅ͷϓϩδΣΫτΛআ͖ɼ։ൃํ๏࿦͸΢Υʔ

λʔϑΥʔϧͰ͋ͬͨɽ

ຊ࿦จͰ͸ɼFPΛجຊઃ͔ܭΒγεςϜςετʹ͓͚

Δ։ൃʢ૯ʣ޻਺ʢਓ݄ʣͰׂͬͨ஋Λੜੑ࢈ͱఆٛ͠

ͨɽද1ʹநग़ͨ͠43݅ͷϓϩδΣΫτʹ͓͚Δੜੑ࢈

ͷ౷ྔܭΛࣔ͢ɽੜੑ࢈ͷୈ1࢛෼Ґ਺ʢੜੑ࢈Λ͍ߴ

ॱʹฒ΂ͨ৔߹ͷԼҐ25%ʣͱୈ3࢛෼Ґ਺ʢੜੑ࢈Λ

ॱʹฒ΂ͨ৔߹ͷ্Ґ25%ʣΛൺֱ͢Δͱɼ໿3.3ഒ͍ߴ

ͷ͕ࠩ͋ͬͨɽ

෼ੳΛͨͬߦϓϩδΣΫτಛੑΛද2ʹࣔ͢ɽܽଛ஋

ͷଟ͍ϓϩδΣΫτಛੑ΍ɼ΄ͱΜͲͷϓϩδΣΫτͰ

ಉҰͷ஋ͱͳ͍ͬͯͨϓϩδΣΫτಛੑ͸෼ੳ͔Βআ֎

ͨ͠ɽͨͩ͠ɼ෼ੳର৅ͷม਺ʹ΋ܽଛ஋ؚ͕·Ε͍ͯ

ΔͨΊɼද2ʹࣔ͢Α͏ʹɼม਺ͷ஋͕ه࿥͞Ε͍ͯΔ

ϓϩδΣΫτ਺͸ͦΕͧΕҟͳΔɽ

σʔλʹؚ·Ε͍ͯͳ͍ฏۉཁһ਺ɼن໛౰ͨΓཁһ

਺ɼن໛౰ͨΓؒظΛ৽ͨʹఆٛͨ͠ɽฏۉཁһ਺͸։

Ͱআͨ͠΋ͷͰ͋ΔɽҰൠʹɼ։ൃཁؒظ਺Λ։ൃ޻ൃ

һ਺ͱ։ൃؒظ͸։ൃن໛ʢFPʣʹൺྫͯ͠େ͖͘ͳΔ

ͨΊɼن໛ͰͦΕͧΕΛআ͢͜ͱʹΑΓਖ਼نԽͨ͠ɼن

໛౰ͨΓཁһ਺ͱن໛౰ͨΓؒظΛఆٛͨ͠ɽ

ͳ͓ɼҰൠʹ։ൃཁһ਺͸ੵݟΓ޻਺͔Βܾఆ͢Δ͜

ͱ͕ଟ͘ɼ޻਺ੵݟΓϞσϧΛར༻͢Δࡍʹ͸ʢ։ൃ޻

਺͕ະ֬ఆͷ࣌఺Ͱ͸ʣ։ൃཁһ਺΍ن໛౰ͨΓཁһ਺

͕֬ఆ͍ͯ͠ͳ͍͜ͱ͕ଟ͍ɽͨͩ͠ɼϞσϧΛར༻͢

ϓϩδΣΫτಛੑ� छɹผ� ݅ɹ਺� �આ໌ࡉৄ

ൃ஫ऀ෼ྨ� ΧςΰϦ� �� ෎লிɼ஍ํ࣏ࣗମɼຽؒۀاʢ਌ձࣾʣɼຽؒۀاʢ਌ձࣾҎ֎ʣ�

γεςϜߏ੒� ΧςΰϦ� �� ΫϥΠΞϯταʔόγεςϜɼ8FCܥγεςϜɼϝΠϯϑϨʔϜγεςϜ�

ద༻෼໺� ΧςΰϦ� �� ɼ੍ܥ຿ࣄ �ܥޚ

ద༻ۀछ� ΧςΰϦ� ��

ɼిۀɼ੡଄ۀઃݐ �ɼۀɼԷചɾখചۀɼӡ༌ۀɼ৘ใ௨৴ۀɾਫಓڅڙɾΨεɾ೤ؾ

ۚ༥ɾอۀݥɼෆಈۀ࢈ɼҿ৯ళɾ॓ ധۀɼҩ ɾྍ෱ࢱɼڭҭɾֶ शࢧԉۀɼެ ຿�

�

αʔό04 � ΧςΰϦ� �� 6/*9ɼ-JOVYɼ8JOEPXT�/5ܥ��

σʔλϕʔε� ΧςΰϦ� �� .JDSPTPGU�42-�4FSWFSɼ0SBDMFɼͦͷଞʢΦʔϓϯιʔεʣɼͦͷଞʢඇΦʔϓϯιʔεʣ�

։ൃٕ๏� ΧςΰϦ� �� �޲ࢦ଄Խɼ%0"ɼΦϒδΣΫτߏ

։ൃۀ࡞ඪ४� ΧςΰϦ� �� ͠༺࢖ ͨɼ࢖༻͠ ͳ͔ͬ �ͨ

ओ։ൃޠݴ� ΧςΰϦ� ��

�ޠݴ���Ҏ্ͷ։ൃ͕߹ׂ༺࢖

"41ɼ"41�/&5ɼ$0#0-ɼ%FMQIJɼ+ BWBɼ42-ɼ7#ɼ7#�/&5

ฏۉཁһ਺� ਺஋� �� ฏۉཁһ਺ʹ�

։ൃ޻਺�

։ൃؒظ�

։ൃؒظ� ਺஋� �� ։ൃؒظͷ࣮੷஋�

'1� ਺஋� �� ະௐ੔ϑΝϯΫγϣϯϙΠϯτͷ࣮੷஋�

໛౰ن Γͨؒظ� ਺஋� ��

໛౰ن Γͨཁһ਺� ਺஋� ��

�ൺ཰ܭຊઃج ਺஋� �� શ޻ఔʹର͢Δجຊઃ޻ܭఔͷׂ߹�

�ൺ཰ܭઃࡉৄ ਺஋� �� શ޻ఔʹର͢Δৄࡉઃ޻ܭఔͷׂ߹�

1(ઃܭ੡଄ൺ཰� ਺஋� �� શ޻ఔʹର͢ΔϓϩάϥϜઃܭɾ੡଄޻ఔͷׂ߹�

ιϑτ΢ΣΞςετൺ཰� ਺஋� �� શ޻ఔʹର͢Διϑτ΢ΣΞςετ޻ఔͷׂ߹�

γεςϜςετൺ཰� ਺஋� �� શ޻ఔʹର͢ΔγεςϜςετ޻ఔͷׂ߹�

໛౰ن Γͨؒظʹ�

ฏؒظۉ�

'1

໛౰ن Γͨཁһ਺ʹ�

ฏۉཁһ਺�

'1

ද� ෼ੳର৅ͷϓϩδΣΫτಛੑ
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Δࡍʹ͸ɼ։ൃཁһ਺΍ن໛౰ͨΓཁһ਺ͷਖ਼֬ͳ஋Λ

ܾఆ͢Δඞཁ͸ͳ͘ɼޙड़͢ΔΑ͏ʹ֓ࢉ஋ʢେɼதɼ

খͷ3ஈ֊ʣΛܾఆ͢Δ͚ͩͰϞσϧΛར༻͢Δ͜ͱ͕

ՄೳͰ͋ΔͨΊɼ෼ੳର৅ʹؚΊͨɽ

3 ੜੑ࢈ͷ෼ੳ

ຊ࿦จͰ͸ɼҎԼͷखॱͰ෼ੳΛ͏ߦɽ

खॱ� ෼ࢄ෼ੳͷد༩཰Λ༻͍ͯɼੜੑ࢈ͱؔ࿈ͷڧ

͍ϓϩδΣΫτಛੑΛ໌Β͔ʹ͢Δɽ

खॱ� ੜੑ࢈ͱؔ࿈ͷ͍ڧϓϩδΣΫτಛੑʹ͍ͮج

ͯϓϩδΣΫτΛ૚ผ͠ɼ޻਺ੵݟΓϞσϧΛ࡞੒͢Δɽ

ຊઅͰ͸ɼੜੑ࢈ͱؔ࿈ͷ͍ڧϓϩδΣΫτಛੑΛ໌

Β͔ʹ͠ɼୈ4અʹ͓͍ͯϓϩδΣΫτΛ૚ผͨ͠޻਺

੒͢Δɽ࡞ΓϞσϧΛੵݟ

��� ੜੑ࢈ͱؔ࿈ͷ͍ڧม਺ͷಛఆ

ੜੑ࢈ͱؔ࿈ͷ͍ڧϓϩδΣΫτಛੑΛಛఆ͢ΔͨΊ

ʹɼҰݩ഑ஔ෼ࢄ෼ੳͷ༗ҙ֬཰ͱʢௐ੔ࡁΈʣد༩཰

ΛٻΊɼੜੑ࢈ͱ֤ϓϩδΣΫτಛੑͱͷؔ࿈ͷ༗ແͱ

෼ੳ͸ɼΧςΰϦσʔλࢄ഑ஔ෼ݩΛ෼ੳͨ͠ɽҰ͞ڧ

ͱ਺஋σʔλͷม਺ͷؔ࿈ͷ༗ແͱ͞ڧΛ෼ੳ͢Δख๏

Ͱ͋Γɼ༗ҙ֬཰͕༗ҙਫ४ະຬʹͳͬͨ৔߹ɼͦͷϓ

ϩδΣΫτಛੑͱੜੑ࢈͸౷ܭతʹؔͯݟ࿈͕͋Δ͜ͱ

Λࣔ͢ʢຊ࿦จͰ͸༗ҙਫ४Λ10%ͱͨ͠ʣɽ·ͨɼد༩

཰͸ؔ࿈ͷ͞ڧΛද͢ɽد༩཰͸0%ʢ৔߹ʹΑͬͯ͸ෛ

ͷ஋ͱͳΔ৔߹΋͋Δʣ͔Β100%ͷ஋ΛͱΓɼد༩཰͕

େ͖͍΄ͲϓϩδΣΫτಛੑͱੜੑ࢈ͷؔ࿈͕͍͜ڧͱ

Λࣔ͢ɽد༩཰͸ҎԼͷࣜʹΑͬͯٻΊΔ[WINER1991]ɽ

(1)

͜͜ͰɼSSB͸ؒ܈ฏํ࿨ɼSST͸૯ฏํ࿨ɼMSE͸

ฏۉೋ৐ࠩޡɼk͸άϧʔϓ਺Λද͢ɽد༩཰͸σʔλ

શମͷ͹Β͖ͭʢSSTʣʹର͠ɼ֤ཁҼͷ͹Β͖ͭ

ʢSSBʣ͕Ͳͷఔ౓د༩͍ͯ͠Δ͔Λ͍ࣔͯ͠ΔɽMSE͸

σʔλͷ෼෍ͷภΓΛิਖ਼͢ΔͨΊʹ༻͍ΒΕ͓ͯΓɼ

k͸֤ཁҼͷΧςΰϦ਺ͷҧ͍Λิਖ਼͢ΔͨΊʹ༻͍Β

Ε͍ͯΔɽ

Ұݩ഑ஔ෼ࢄ෼ੳʹ౰ͨΓɼ͢΂ͯͷϓϩδΣΫτಛ

ੑΛΧςΰϦσʔλͷม਺ͱͯ͠ѻ͏ͨΊɼ਺஋σʔλ

ͷϓϩδΣΫτಛੑΛΧςΰϦσʔλʹมͨ͠׵ɽ͜Ε

ʹΑΓɼฏۉཁһ਺౳ͷ਺஋σʔλͷϓϩδΣΫτಛੑ

ͱɼ։ൃޠݴ౳ͷΧςΰϦσʔλͷϓϩδΣΫτಛੑͷɼ

ੜੑ࢈ʹର͢Δؔ࿈ͷ͕͞ڧൺֱՄೳͱͳΔɽ֤ಛੑͷ

ୈ1࢛෼Ґ਺ҎԼʢ஋Λେ͖͍ॱʹฒ΂ͨ৔߹ͷԼҐ

25%ҎԼʣͷ஋Λʮ௿ҐʯΧςΰϦͱͨ͠ɽಉ༷ʹɼ֤

ಛੑͷୈ3࢛෼Ґ਺Ҏ্ʢ஋Λେ͖͍ॱʹฒ΂ͨ৔߹ͷ

্Ґ25%Ҏ্ʣͷ஋ΛʮߴҐʯΧςΰϦͱ͠ɼ࢒Γͷ஋

ΛʮதҐʯΧςΰϦͱͨ͠ɽ͜ΕΒͷΧςΰϦͷᮢ஋Λ

ද3ʹࣔ͢ɽͳ͓ɼΧςΰϦσʔλʹม͢׵Δ͜ͱʹΑ

Γɼຊདྷ͋ͬͨ͸ͣͷؔ࿈ੑ͕ফ͑Δ͕͋ੑݥةΔͨΊɼ

਺஋σʔλͷ··ͰॱҐ૬ؔ܎਺Λࢉग़͠ɼ཭ࢄԽΛߦ

ͬͨ৔߹ͱಉ༷ͷݟ͕޲܏ΒΕΔ͔Ͳ͏͔Λ͔֬ΊΔɽ

�ʹ༩཰د

SSBɻ ʢk �ɻʣMSE

SSTʴMSE

3 ੜੑ࢈ͷ෼ੳ

ϓϩδΣΫτಛੑ� ʮ௿ҐʯΧςΰϦ�

ฏۉཁһ਺� ���

ʮߴҐʯΧςΰϦ�

����

։ൃؒظ� ��� ����

'1� ����� �
�����

໛౰ن Γͨؒظ� ����� �����

໛౰ن Γͨཁһ਺� ����� �����

�ൺ཰ܭຊઃج ���� ����

�ൺ཰ܭઃࡉৄ ���� ����

1(ઃܭ੡଄ൺ཰� ���� ����

ιϑτ΢ΣΞςετൺ཰� ���� ����

γεςϜςετൺ཰� ���� ����

ද� ֤ϓϩδΣΫτಛੑͷΧςΰϦͱᮢ஋ͱͷରԠ

ϓϩδΣΫτಛੑ� �༩཰د

໛౰ن Γͨཁһ਺� 38%

༗ҙ֬཰�

0%

ฏۉཁһ਺� 31% 1%

໛౰ن Γͨؒظ� 19% 1%

։ൃؒظ� 9% 6%

ద༻ۀछ� 7% 27%

'1 7% 9%

αʔό04 6% 13%

ൃ஫ऀ෼ྨ� 5% 19%

σʔλϕʔε� 3% 27%

ద༻෼໺� 2% 21%

։ൃۀ࡞ඪ४� -1% 37%

։ൃٕ๏� -1% 43%

�ൺ཰ܭຊઃج -3% 56%

ओ։ൃޠݴ� -4% 57%

γεςϜߏ੒� -4% 80%

γεςϜςετൺ཰� -5% 71%

1(ઃܭ੡଄ൺ཰� -5% 88%

�ൺ཰ܭઃࡉৄ -6% 92%

ιϑτ΢ΣΞςετൺ཰� -6% 97%

ද� ੜੑ࢈ʹର͢Δؔ࿈ͷ༗ແٴͼؔ࿈ͷ͞ڧ
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Ұݩ഑ஔ෼ࢄ෼ੳͷ݁ՌΛද4ʹࣔ͢ɽؔ࿈͕͋ͬͨ

ϓϩδΣΫτಛੑͷ༗ҙ֬཰Λࣼମͱ͍ͯ͠Δɽ5ͭͷ

ϓϩδΣΫτಛੑʢن໛౰ͨΓཁһ਺ɼฏۉཁһ਺ɼن

໛౰ͨΓؒظɼ։ൃؒظɼFPʣ͕ੜੑ࢈ͱؔ࿈͕͋Γ

ʢ༗ҙਫ४͕10%ະຬͱͳΓʣɼ࢒ΓͷϓϩδΣΫτಛੑ

ʢద༻ۀछɼαʔόOSɼൃ஫ऀ෼ྨ౳ʣ͸ੜੑ࢈ͱؔ࿈

͕͋Δͱ͸͑ݴͳ͔ͬͨɽ

ੜੑ࢈ͱؔ࿈͕͋ͬͨϓϩδΣΫτಛੑͷ͏ͪɼن໛

౰ͨΓཁһ਺ͷؔ࿈͕࠷΋͘ڧʢد༩཰ 38%ʣɼFPʢ։

༩཰دΒΕͳ͔ͬͨʢݟ໛ʣ͸ऑ͍ؔ࿈͔͠نൃ 7%ʣɽ

௚ײతʹ͸ɼن໛ͷେ͖ͳγεςϜ͸։ൃ͕೉͍͠ʢ͢

ͳΘͪੜ͕ੑ࢈௿͍ʣͱ͑ߟΒΕΔ͕ɼ෼ੳʹ͓͍ͯ͸ɼ

։ൃن໛ʢFPʣ͸ੜੑ࢈ͱͷؔ࿈͕͋·Γ͘ڧͳ͔ͬͨɽ

͞Βʹɼن໛౰ͨΓཁһ਺ͷد༩཰͕ฏۉཁһ਺ͷد༩

཰ΑΓ΋େ͖͔ͬͨ͜ͱ͔ΒɼϓϩδΣΫτͷੜੑ࢈ʹ

ରͯ͠͸ɼ୯७ͳ։ൃཁһ਺ͷଟՉΑΓ΋ɼ։ൃن໛ʹ

ൺͯ͠ద੾ͳ։ൃཁһ਺͔Ͳ͏͔͕ॏཁͰ͋Δͱ͑ݴΔɽ

਺஋σʔλͷϓϩδΣΫτಛੑͱੜੑ࢈ͱͷॱҐ૬ؔ

ཁһ਺ɼ։ۉ໛౰ͨΓཁһ਺ɼฏن਺Λද5ʹࣔ͢ɽ܎

ɼ૬ؔ΋༗ҙͰ͘ڧͱͷؔ࿈͕ੑ࢈ɼFPͷॱʹੜؒظൃ

͋Γɼ֤޻ఔൺ཰͸ੜੑ࢈ͱͷؔ࿈͕ऑ͘ɼ૬ؔ΋༗ҙ

Ͱ͸ͳ͔ͬͨɽ͜Ε͸ɼද4ͷҰݩ഑ஔ෼ࢄ෼ੳͷ݁Ռ

ͱಉ༷ͷ޲܏Ͱ͋ΔɽΑͬͯɼΧςΰϦσʔλʹม͢׵

Δ͜ͱʹΑΓɼຊདྷ͋ͬͨ͸ͣͷؔ࿈ੑ͕ফ͍͑ͯΔ͜

ͱ͸ͳ͍ͱ͑ߟΒΕΔɽͳ͓ɼن໛౰ͨΓؒظͱੜੑ࢈

ͱͷ૬ؔ܎਺͕খ͘͞ͳ͍͕ͬͯͨɼ͜Ε͸ن໛౰ͨΓ

ड़͢ΔΑ͏ʹ୯ௐ૿ޙɼ3.2.3અͰ͕܎ͷؔੑ࢈ͱੜؒظ

Ճ·ͨ͸୯ௐݮগͰͳ͍ͨΊͰ͋Δɽ

��� ੜੑ࢈ͱؔ࿈͕͍ڧཁҼͷݸผ෼ੳ

3.1અͰੜੑ࢈ͱ౷ܭతʹؔ࿈͕ݟΒΕͨ5ͭͷϓϩδ

ΣΫτಛੑʢن໛౰ͨΓཁһ਺ɼฏۉཁһ਺ɼن໛౰ͨ

Γؒظɼ։ൃؒظɼFPʣʹ͍ͭͯɼശͻ͛ਤΛ࡞੒͠ɼ

ϓϩδΣΫτಛੑͷ஋ͱੜੑ࢈ͱͷؔ܎Λ෼ੳͨ͠ɽҎ

Λड़΂Δɽࡉৄʹ߱

����� ໛౰ͨΓཁһ਺ن

=໛౰ͨΓཁһ਺ن໛౰ͨΓཁһ਺ͷΧςΰϦผʢن

ʮ௿ҐʯɼʮதҐʯɼʮߴҐʯʣͷੜੑ࢈ͷശͻ͛ਤΛਤ2ʹࣔ

͢ɽͦΕͧΕͷശͷଠઢ͸ੜੑ࢈ͷதԝ஋Λද͢ɽؙҹ

͸ੜੑ࢈ͷ֎Ε஋Λද͢ɽ֎Ε஋͸ശͷ্୺ʢ΋͘͠͸

Լ୺ʣ͔Βɼ࢛෼Ґൣғʢശͷ௕͞ʣͷ1.5ഒҎ্཭Εͨ

஋Ͱ͋Δɽ੕ҹ͸ۃ஋ʢۃ஋͸ശͷ্୺ʢ΋͘͠͸Լ୺ʣ

͔Βɼ࢛෼Ґൣғʢശͷ௕͞ʣͷ3ഒҎ্཭Εͨ஋ʣΛ

ද͢ɽ

෼ੳͷ݁Ռɼن໛౰ͨΓཁһ਺͕େ͖͍ϓϩδΣΫτ

ఔɼੜ͕ੑ࢈௿͘ͳ͍ͬͯͨɽ௿ҐΧςΰϦͷੜੑ࢈ͷ

தԝ஋͸ɼߴҐΧςΰϦͷੜੑ࢈ͷதԝ஋ͷ໿3.7ഒͰ͋

ͬͨɽ֤ΧςΰϦͷੜੑ࢈ͷҧ͍Λ౷ܭతʹ͔֬ΊΔͱ

ʢϚϯɾϗΠοτχʔͷUݕఆΛ༻͍ɼ༗ҙਫ४͸10%ͱ

ϓϩδΣΫτಛੑ� ૬ؔ܎਺�

໛౰ن Γͨཁһ਺� -0.65

༗ҙ֬཰�

0%

ฏۉཁһ਺� -0.59 0%

։ൃؒظ� -0.36 2%

'1 -0.28 7%

�ൺ཰ܭຊઃج -0.19 34%

�ൺ཰ܭઃࡉৄ 0.09 62%

໛౰ن Γͨؒظ� 0.08 62%

ιϑτ΢ΣΞςετൺ཰� 0.06 71%

γεςϜιϑτൺ཰� -0.01 96%

1(ઃܭ੡଄ൺ཰� 0.00 98%

ද� ਺஋σʔλͷϓϩδΣΫτಛੑͱੜੑ࢈ͱͷॱҐ૬ؔ܎਺

௿Ґ� தҐ� �Ґߴ

���

����

����

����

����

����

P

P

n��� n��� n���

生

産

性

ᯨ

�

�
／

人

月

ᯩ

�໛౰ͨΓཁһ਺ن

௿Ґ� தҐ� �Ґߴ

���

����

����

����

����

����

ฏۉཁһ਺�

ੜ

࢈

ੑ

ớ

'

1

ʗ

ਓ

݄

Ờ

�

*

*

n�11 n�19 n�10

ਤ� ฏۉཁһ਺ͱੜੑ࢈ͷؔ܎

ਤ� ܎ͷؔੑ࢈໛౰ͨΓཁһ਺ͱੜن
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ͨ͠ʣɼ͢΂ͯͷΧςΰϦؒͰ͕ࠩ͋Δͱͨ͑ݴɽ։ൃظ

͕ؒ୹੍͘͞ݶΕ͍ͯΔ৔߹౳ɼ։ൃن໛ʹൺͯ͠։ൃ

ཁһΛଟ͘౤ೖ͢Δ৔߹ʢຊ࿦จͰ༻͍ͨσʔλͰ͸

1,000FP౰ͨΓͷฏۉཁһ਺͕12ਓҎ্ʣɼͱ͘ʹੜੑ࢈

͕௿͘ͳΔͱ͑ߟΒΕΔɽن໛౰ͨΓཁһ਺ͱੜੑ࢈ͱ

ͷؔ࿈͕େ͖͔ͬͨཧ༝͸ɼن໛౰ͨΓཁһ਺͕૿͑Δ

ͱɼ։ൃཁһؒͷίϛϡχέʔγϣϯͷΦʔόʔϔου

͕େ͖͘ͳΔͨΊͰ͋Δͱਪଌ͞ΕΔɽ

����� ฏۉཁһ਺

ਤ3ʹฏۉཁһ਺ʹΑͬͯ෼ྨͨ͠ϓϩδΣΫτͷੜ

ཁһ਺͕૿Ճ͢Δۉͷശͻ͛ਤΛࣔ͢ɽਤΑΓɼฏੑ࢈

ͱɼੜ͕ੑ࢈௿Լ͍ͯ͠Δ͜ͱ͕෼͔Δɽ௿ҐΧςΰϦ

ͷϓϩδΣΫτͷੜੑ࢈ͷதԝ஋͸ɼߴҐΧςΰϦͷϓ

ϩδΣΫτͷ໿4.5ഒͰ͋ͬͨɽ֤ΧςΰϦͷੜੑ࢈ͷҧ

͍Λ౷ܭతʹ͔֬ΊΔͱɼ͢΂ͯͷΧςΰϦؒͰ͕ࠩ͋

Δͱͨ͑ݴɽฏۉཁһ਺͕ଟ͍ʢ14ਓҎ্ʣϓϩδΣΫ

τͰ͸ɼੜੑ࢈͸௿͘ͳΔͱ͑ߟΒΕΔɽ

����� ؒظ໛౰ͨΓن

ਤ4ʹن໛౰ͨΓؒظʹΑͬͯ෼ྨͨ͠ϓϩδΣΫτ

ͷੜੑ࢈ͷശͻ͛ਤΛࣔ͢ɽن໛౰ͨΓ͕ؒظதҐͷϓ

ϩδΣΫτͷੜ͘ߴ͕ੑ࢈ͳ͍ͬͯͨɽதҐΧςΰϦͷ

ੜੑ࢈ͷதԝ஋͸ɼ௿ҐΧςΰϦͷੜੑ࢈ͷதԝ஋ͷ໿

2.7ഒͰ͋ͬͨɽߴҐΧςΰϦͷੜੑ࢈ͷதԝ஋͸ɼ௿Ґ

ΧςΰϦͷੜੑ࢈ͷதԝ஋ͷ໿1.1ഒͰ͋Γɼ΄ͱΜͲࠩ

͕ແ͔ͬͨɽ֤ΧςΰϦͷੜੑ࢈ͷҧ͍Λ౷ܭతʹ͔֬

ΊΔͱɼதҐΧςΰϦͱͦͷଞͷΧςΰϦؒͰ͕ࠩ͋Δ

ͱͨ͑ݴɽ։ൃن໛ʹൺͯ͠։ൃؒظΛ୹͘͢Δͱ

ʢ1,000FP౰ͨΓ։ൃ7͕ؒظϱ݄ҎԼʣੜੑ࢈͸௿Լ͢

Δ͕ɼٯʹ௕͗ͯ͘͢͠΋ʢ1,000FP౰ͨΓ։ൃ͕ؒظ

18ϱ݄Ҏ্ʣੜੑ࢈͸௿͘ͳΔͱ͑ߟΒΕΔɽ

����� ։ൃؒظ

ਤ5ʹظ޻ʹԠͯ͡3ͭʹ෼ྨͨ͠৔߹ͷɼϓϩδΣΫ

τͷੜੑ࢈ͷശͻ͛ਤΛࣔ͢ɽ։ൃ͕ؒظ௿Ґͷʢ։ൃ

தҐ͕ؒظ͸ɼ։ൃੑ࢈୹͍ʣϓϩδΣΫτͷੜ͕ؒظ

΍ߴҐͷϓϩδΣΫτͷੜੑ࢈ΑΓ΋ൺֱత͘ߴͳͬͯ

͍ͨɽ௿ҐΧςΰϦͷੜੑ࢈ͷதԝ஋͸ɼߴҐΧςΰϦ

ͷੜੑ࢈ͷதԝ஋ΑΓ΋໿3.1ഒେ͖͔ͬͨɽ֤ΧςΰϦ

ͷੜੑ࢈ͷҧ͍Λ౷ܭతʹ͔֬ΊΔͱɼ௿ҐΧςΰϦͱ

ɽͨ͑ݴҐΧςΰϦͷؒͰ͕ࠩ͋Δͱߴ

ͨͩ͠ɼ֤ΧςΰϦͷੜੑ࢈ͷதԝ஋Λൺֱ͢Δͱࠩ

͕͋Δ͕ɼ࢛෼ҐൣғʢശͷҐஔʣͷࠩ͸ൺֱతখ͔͞

ͬͨɽ͢ͳΘͪɼ։ൃ͕ؒظ௿Ґͷʢ୹͍ʣϓϩδΣΫ

τ͕ɼ։ൃߴ͕ؒظҐͷʢ௕͍ʣϓϩδΣΫτΑΓ΋ੜ

ͱ͍͏͜ͱ͕ൺֱతൃੜ͠΍͍͢ͱ͍͏͜ͱ͍ߴ͕ੑ࢈

Ͱ͋Γɼ։ൃ͕ؒظϓϩδΣΫτͷੜੑ࢈ʹ༩͑ΔӨڹ

͕খ͍͜͞ͱ͕෼͔Δɽ0ͷ݁Ռͱ߹ΘͤΔͱɼϓϩδ

ΣΫτͷੜੑ࢈ʹରͯ͠͸ɼ୯७ͳ։ൃؒظͷ௕୹ΑΓ

௿Ґ� தҐ� �Ґߴ

�ؒظ໛౰ͨΓن

���

����

����

����

����

����

P

n��� n��� n���
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΋ɼ։ൃن໛ʹൺͨ͠։ൃؒظͷ௕୹ͷ΄͏͕Өͯ͠ڹ

͍Δͱ͑ߟΒΕΔɽ

����� '1

FPʢ։ൃن໛ʣʹΑͬͯ෼ྨͨ͠ϓϩδΣΫτͷੜ࢈

ੑͷശͻ͛ਤΛਤ6ʹࣔ͢ɽ௿ҐΧςΰϦͷϓϩδΣΫ

τͷੜੑ࢈ͷதԝ஋͸ɼߴҐΧςΰϦͷϓϩδΣΫτͷ

ੜੑ࢈ͷதԝ஋ΑΓ΋໿3.0ഒେ͖͔ͬͨɽ֤ΧςΰϦͷ

ੜੑ࢈ͷҧ͍Λ౷ܭతʹ͔֬ΊΔͱɼߴҐΧςΰϦͱଞ

ͷΧςΰϦͱͷؒͰ͕ࠩ͋Δͱͨ͑ݴɽਤ͔Β΋ɼFP͕

͸ൺੑ࢈໛͕େ͖͍ʣϓϩδΣΫτͷੜنҐͷʢ։ൃߴ

ֱత௿͘ͳ͓ͬͯΓɼFP͕தҐ΍௿ҐͷϓϩδΣΫτͰ

͸ੜੑ࢈ͷࠩ͸খ͍͜͞ͱ͕෼͔ΔɽγεςϜͷن໛͕

ಛʹେ͖͍ʢຊ࿦จͰ༻͍ͨσʔλͰ͸FP͕1,500Ҏ্ʣ

ϓϩδΣΫτͷ৔߹͸ɼੜ͕ੑ࢈௿Լ͠΍͍͕͋͢޲܏

Δͱ͑ݴΔɽ

4 ஙߏΓϞσϧͷੵݟ਺޻

ୈ3અͷ෼ੳ݁ՌΑΓɼن໛౰ͨΓཁһ਺͕࠷΋ੜ࢈

ੑͱؔ࿈͕͍͜ڧͱ͕෼͔ͬͨɽͦ͜Ͱɼن໛౰ͨΓཁ

һ਺ʹ͍ͯͮجϓϩδΣΫτΛ૚ผͯ͠޻਺ੵݟΓϞσ

ϧΛߏங͢Δɽͦͯ͠ɼैདྷ͔Βੜੑ࢈ͱؔ࿈͕͍͜ڧ

ͱ͕໌Β͔ͱͳ͍ͬͯΔฏۉཁһ਺ʹ͍ͯͮجϓϩδΣ

ΫτΛ૚ผͯ͠ϞσϧΛߏஙͨ͠৔߹ͱͷ޻਺ੵݟΓͷ

ਫ਼౓Λൺֱ͢Δɽ·ͨɼ։ൃن໛ʹΑΓ૚ผͯ͠Ϟσϧ

Λߏங͢Δ͜ͱ͕ҰൠʹߦΘΕ͍ͯΔͨΊɼ͜ͷ৔߹ͱ

ͷੵݟΓਫ਼౓ͷൺֱΛ͏ߦͱڞʹɼϓϩδΣΫτΛ૚ผ

ͤͣʹϞσϧΛߏஙͨ͠৔߹ͱͷੵݟΓͷਫ਼౓ͷൺֱ΋

ɽ͏ߦ

ΔϓϩδΣΫτʢֶश͍༺ʹ࣌ஙߏͰ͸ɼϞσϧݧ࣮

σʔλʣΛن໛౰ͨΓཁһ਺͕খʢن໛౰ͨΓཁһ਺ʽ

0.005ʣɼதʢ0.005<ن໛౰ͨΓཁһ਺<0.012ʣɼେʢن໛

౰ͨΓཁһ਺ʾ0.012ʣʹ૚ผ͠ɼ֤૚͝ͱʹ޻਺ੵݟΓ

ϞσϧΛߏஙͨ͠ɽͦͯ͠ɼྫ͑͹ੵݟΓର৅ϓϩδΣ

Ϋτͷن໛౰ͨΓཁһ਺͕େʢن໛౰ͨΓཁһ਺͕0.012

Ҏ্ʣͱͳΔͱ͖ɼن໛౰ͨΓཁһ਺͕େͷϓϩδΣΫ

τΛ༻͍ͯ࡞੒ͨ͠ϞσϧΛ༻͍ͯੵݟΓΛͨͬߦɽฏ

ߏϓϩδΣΫτΛ૚ผͯ͠ϞσϧΛ͍ͯͮجʹཁһ਺ۉ

ங͠ɼੵݟΔ৔߹΋ಉ༷ͷखॱͰͨͬߦɽϓϩδΣΫτ

Λ૚ผ͢Δࡍͷᮢ஋͸ද3ͷ஋Λ༻͍ͨɽ

ͳ͓ɼ։ൃཁһ਺͸ੵݟΓ޻਺͔Βܾఆ͢Δ͜ͱ͕ଟ

͍ͨΊɼ޻਺ੵݟΓϞσϧΛར༻͢Δࡍʹ͸ʢ։ൃ޻਺

͕ະ֬ఆͷ࣌఺Ͱ͸ʣ։ൃཁһ਺͕֬ఆ͍ͯ͠ͳ͍͜ͱ

͕ଟ͍ɽ͜ͷ৔߹ɼ։ൃཁһ਺Λ֓ࢉͰܾఆ͠ɼ։ൃཁ

һ਺ͷ֓ࢉ஋ͱFPʹΑΓن໛౰ͨΓཁһ਺ΛٻΊɼن໛

౰ͨΓཁһ਺ʹԠͯ͡࢖༻͢ΔϞσϧΛܾఆ͢Δඞཁ͕

͋Δɽͨͩ͠ɼ։ൃཁһ਺ͷ֓ࢉ஋ʹ͸͕͋ࠩޡΔͱߟ

͑ΒΕΔͨΊɼ࢖༻͢ΔϞσϧΛͯͬޡબ୒͢ΔՄೳੑ

͕͋Δɽ

ͦ͜Ͱຊ࿦จͰ͸ɼ։ൃཁһ਺ͷ֓ࢉ஋ʹฏۉn %ͷ

૬ରؚ͕ࠩޡ·ΕΔͱԾఆ͠ɼϞσϧͷબ୒Λͨͬޡ৔

߹ʹɼ޻਺ੵݟΓਫ਼౓͕Ͳͷఔ౓มԽ͢Δͷ͔Λ࣮ݧʹ

ΑΓ͔֬Ίͨɽ։ൃཁһ਺ͷ૬ରࠩޡ͸ਖ਼ن෼෍ʹैͬ

͍ͯΔͱԾఆ͠ɼ։ൃཁһ਺ͷ૬ରࠩޡฏۉnΛ5%ࠁΈ

ͰมԽͤ͞ΔͱڞʹɼϓϩδΣΫτ͝ͱʹࠩޡΛؚΜͩ

ฏۉཁһ਺ͷ֓ࢉ஋Λ20ճੜ੒͠ɼ޻਺ੵݟΓϞσϧͷ

ਫ਼౓Λ͔֬Ίͨɽ

੒ͨ͠ɽʢॏʣճ࡞෼ੳʹΑΓؼΓϞσϧ͸ճੵݟ਺޻

ΒΕ͍͍ͯ༺͘޿ʹஙߏΓϞσϧͷੵݟ਺޻෼ੳ͸ɼؼ

Δख๏Ͱ͋ΔɽϞσϧͷઆ໌ม਺͸FPͷΈͱͨ͠ɽද2

ͷϓϩδΣΫτಛੑͷ͏ͪɼ޻਺ੵݟΓ࣌ʹ֬ఆ͓ͯ͠

Γɼ͔ͭ޻਺ੵݟΓʹ໾ཱͭͱ͑ߟΒΕΔద༻ۀछͱओ

։ൃޠݴΛઆ໌ม਺ʹؚΊͯ޻਺ੵݟΓϞσϧΛߏங͢

4 ஙߏΓϞσϧͷੵݟ਺޻
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Δ༧උ࣮ݧΛ͕ͨͬߦɼ޻਺ੵݟΓʹ໾ཱͭͱ͸͑ݴͳ

͔ͬͨʢεςοϓϫΠζॏճؼ෼ੳΛ݁ͨͬߦՌɼઆ໌

ม਺ͱͯ͠࠾༻͞Εͳ͔ͬͨʣͨΊɼ͜ΕΒΛઆ໌ม਺

ʹؚΊͳ͔ͬͨɽ·ͨɼ։ൃؒظ͸޻਺ੵݟΓϞσϧͷ

ར༻࣌ʢ։ൃ޻਺͕ະ֬ఆͷͱ͖ʣʹ֬ఆ͍ͯ͠ͳ͍৔

߹͕͋ΔͨΊɼ։ൃؒظͱن໛౰ͨΓ։ൃؒظΛઆ໌ม

਺ʹؚΊͳ͔ͬͨɽ

ਖ਼نQʖ Qϓϩοτ[TANAKA1995]ʹ ΑΓม਺ͷ෼෍Λ

͔֬ΊΔͱɼFPͱ։ൃ޻਺͕ਖ਼ن෼෍͍ͯ͠ͳ͔ͬͨͨ

ΊɼͦΕͧΕΛର਺ม͔ͯ͠׵Βճؼ෼ੳΛͨͬߦɽ·

ͨɼશϓϩδΣΫτରͯ͠ճؼ෼ੳΛ͍ߦɼCookͷD͕

2.73ͱͳͬͨϓϩδΣΫτ1݅Λ֎ΕϓϩδΣΫτͱΈͳ

͠ɼ͜ΕΛআ֎࣮ͯ͠ݧΛͨͬߦɽCookͷD͸֎Εέʔ

εʢϓϩδΣΫτʣΛಛఆ͢Δख๏Ͱ͋Γ[TANAKA1995]ɼ

ҰൠʹCookͷD͕1Λ௒͍͑ͯΔέʔε͸֎Εέʔεͱ

Έͳ͞ΕΔɽ

Ͱ͸ϦʔϒϫϯΞ΢τ๏Λ༻͍ͨɽϦʔϒϫϯΞݧ࣮

΢τ๏ͱ͸ɼશϓϩδΣΫτͷ͏ͪ1ͭͷϓϩδΣΫτ

ΛϞσϧධՁ༻ͷςετσʔλɼ࢒ΓͷϓϩδΣΫτΛ

Ϟσϧߏங༻ͷֶशσʔλͱ͢Δ͜ͱΛɼ͢΂ͯͷϓϩ

δΣΫτʹରͯ͜͠͏ߦͱʹΑΓɼϞσϧΛධՁ͢Δํ

๏Ͱ͋Δ[HASTIE2001]ɽ

Ϟσϧͷਫ਼౓ͷධՁج४ͱͯ͠ɼҰൠతʹ༻͍ΒΕΔ

ઈରࠩޡʢ ʗࠩޡʢઈରࠩޡΓ஋ʵ࣮ଌ஋| ʣɼ૬ରੵݟ|

࣮ଌ஋ʣ[CONTE1986]ɼMERʢઈରࠩޡʗ༧ଌ஋ʣ

[KITCHENHAM2001]Λ༻͍ͨɽ͜ΕΒͷ஋͕খ͍͞΄Ͳɼ

Ϟσϧͷਫ਼౓͕͍͜ߴͱΛࣔ͢ɽ

ਤ7͔Βਤ9ʹ֤ੵݟΓϞσϧͷਫ਼౓Λࣔ͢ɽ૚ผͳ͠

ͷ৔߹ɼFPʹΑΓ૚ผͨ͠৔߹͸֤ධՁࢦඪͷதԝ஋Ͱ

͋Δɽن໛౰ͨΓཁһ਺ʹΑΓ૚ผͨ͠৔߹ɼฏۉཁһ

਺ʹΑΓ૚ผͨ͠৔߹͸ɼ֤ධՁࢦඪͷதԝ஋20ݸͷฏ

ཁһ਺ͷ֓ۉΛؚΜͩฏࠩޡʹ஋ʢϓϩδΣΫτ͝ͱۉ

஋Λ20ճੜ੒͍ͯ͠ΔͨΊʣͰ͋Δɽࢉ

໛౰ͨΓཁһ਺ʹΑͬͯϓϩδΣΫτΛ૚ผͯ͠Ϟن

σϧΛߏஙͨ͠৔߹ɼฏۉཁһ਺ͷ֓ࢉ஋ͷ૬ରࠩޡฏ

ங͠ߏཁһ਺ʹΑΓ૚ผͯ͠ۉͷ৔߹Ͱ΋ɼฏ%100͕ۉ

ͨϞσϧ΍ɼFPʹΑΓ૚ผͯ͠ߏஙͨ͠Ϟσϧɼ૚ผͤ

ɼMERࠩޡɼ૬ରࠩޡஙͨ͠ϞσϧΑΓ΋ɼઈରߏʹͣ

ͷ֤தԝ஋͕খ͘͞ͳ͍ͬͯͨɽ

ฏۉཁһ਺ʹΑͬͯϓϩδΣΫτΛ૚ผͯ͠ϞσϧΛ

͕ۉฏࠩޡ஋ͷ૬ରࢉཁһ਺ͷ֓ۉஙͨ͠৔߹ɼฏߏ

60%Λ௒͑Δͱɼઈରࠩޡɼ૬ରࠩޡͷதԝ஋͕ɼFPʹ

ΑΓ૚ผͨ͠৔߹ͱ΄ͱΜͲมΘΒͳ͍͔ɼେ͖͘ͳͬ

͍ͯͨɽߋʹɼฏۉཁһ਺ͷ֓ࢉ஋ͷ૬ରࠩޡฏ͕ۉ
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85%Λ௒͑Δͱɼઈରࠩޡɼ૬ରࠩޡͷதԝ஋͕ɼ૚ผ

͠ͳ͍৔߹ͱ΄ͱΜͲมΘΒͳ͍͔ɼେ͖͘ͳ͍ͬͯͨɽ

FPʹ͍ͯͮجϓϩδΣΫτΛ૚ผͯ͠ϞσϧΛߏங͠

ͨ৔߹ͱɼ૚ผͤͣʹϞσϧΛߏஙͨ͠৔߹Λൺֱ͢Δ

ͱɼFPʹΑΓ૚ผͨ͠৔߹ͷੵݟΓਫ਼౓͕Θ͔ͣʹ͍ߴ

͕ɼੵݟΓਫ਼౓ʹେ͖ͳҧ͍͸ݟΒΕͳ͔ͬͨɽ

͜ΕΒͷ݁Ռ͔Βɼੜੑ࢈ʹؔ࿈ͷن͍ڧ໛౰ͨΓཁ

һ਺ʹΑͬͯϓϩδΣΫτΛ૚ผ͠ɼϞσϧΛߏஙͨ͠

৔߹ɼฏۉཁһ਺ͷ֓ࢉ஋ͷ૬ରࠩޡฏ100͕ۉ%ͷ৔߹

Ͱ΋ɼฏۉཁһ਺ʹΑΓ૚ผͯ͠ߏஙͨ͠Ϟσϧ΍ɼFP

ʹΑΓ૚ผͯ͠ߏஙͨ͠Ϟσϧɼ૚ผͤͣʹߏஙͨ͠Ϟ

σϧΑΓ΋ੵݟΓਫ਼౓͕͘ߴͳΔͱ͑ݴΔɽ

5 ࡯ɹߟ

ϓϩδΣ͍ͯͮجʹ໛౰ͨΓཁһ਺نՌΑΓɼ݁ݧ࣮

ΫτΛ૚ผ͠ɼ޻਺ੵݟΓϞσϧΛ࡞੒͢Δ͜ͱʹΑΓɼ

Δ͜ͱ͕෼͔ͬͨɽ·ߴΓਫ਼౓͕ੵݟ

Ұൠʹɼن໛౰ͨΓཁһ਺ͷେখ͸ɼظ޻ͷ͞͠ݫ

[MONDEN2007]ʹ Ө͞ڹΕΔͱ͑ߟΒΕΔɽඇৗʹ୹͍

։ൃؒظͰ։ൃΛ͏ߦ৔߹ɼೲظΛकΔͨΊʹଟ͘ͷཁ

һΛ౤ೖͤͶ͹ͳΒͣɼن໛౰ͨΓཁһ਺͸େ͖͘ͳΔɽ

Ұํɼ։ൃؒظʹ༨༟͕͋Δ৔߹ʹ͸ΑΓগਓ਺Ͱ։ൃ

ग़དྷΔͨΊن໛౰ͨΓཁһ਺͸খ͘͞ͳΔɽ͜ͷ͜ͱ͔

Βɼຊ࣮ݧͷ݁Ռ͸ɼظ޻ͷ͞͠ݫʹԠͯ͡ϞσϧΛ࡞

Δ͜ͱͷॏཁੑΛ͍ࣔࠦͯ͠Δɽ͑ݴʹٯ͹ɼݫ͕ظ޻

͍͠ϓϩδΣΫτͱͦ͏Ͱͳ͍ϓϩδΣΫτΛࠞͤ͞ࡏ

ͯϞσϧΛ࡞Δ͜ͱͷੑݥةΛ͍ࣔͯ͠Δͱ΋͑ݴΔɽ

ͳ͓ɼ։ൃϓϩδΣΫτͷܭըཱҊʹͯ͠ࡍ͸ɼن໛

౰ͨΓཁһ਺ʹ͸্ݶ஋͕͋Δʢ͢ͳΘͪɼظ޻Λ͠ݫ

͘͢Δʹ΋ݶ౓͕͋Δʣ͜ͱʹཹҙ͞Ε͍ͨɽਤ10ʹن

໛౰ͨΓཁһ਺ͷ෼෍Λࣔ͢ɽن໛౰ͨΓཁһ਺͕0.02

Ҏ্ͷϓϩδΣΫτ͸গͳ͘ɼ·ͨن໛౰ͨΓཁһ਺͕

0.035Ҏ্ͷϓϩδΣΫτ͸1͔݅͠ଘ͠ࡏͳ͔ͬͨɽΑ

ͬͯɼ͍͠ݫ͕ظ޻৔߹Ͱ΋ɼن໛౰ͨΓཁһ਺Λ0.035

Ҏ্ʹ͢Δͷ͸೉͍͠ͱ͑ߟΒΕΔɽ

੒͢ΔϝτϦΫεؒͷؔߏɼϓϩδΣΫτಛੑΛʹ࣍

Δɽ૚ผʹ༻͍ͨϓϩδΣΫτಛੑͱ͢࡯ߟ͍ͯͭʹ܎

ੜੑ࢈Λ։ൃ޻਺=MMɼ։ൃؒظ=DDΛ༻͍ͯද͢ͱɼ

ҎԼͷΑ͏ʹͳΔɽ

͢ͳΘͪɼฏۉཁһ਺ɼن໛౰ͨΓཁһ਺ͱ΋ɼఆٛ

ͷ෼฼ʹੜੑ࢈ΛؚΜͰ͍Δ͜ͱʹͳΔ͕ɼ͜ΕΒͷϝ

τϦΫε͕ੜੑ࢈ͱෛͷ૬ؔΛͭ࣋͜ͱ͸ඞͣ͠΋ࣗ໌

Ͱ͸ͳ͍ɽྫ͑͹ɼੜੑ࢈ʢFPʗMMʣͷ෼ࢠ͸FPͰ͋

Γɼ෼฼͸։ൃ޻਺ʢMMʣͱͳ͍ͬͯΔ͜ͱ͔Βɼੜ

਺ͱ͸ෛͷ޻ͷFPͱਖ਼ͷ૬͕ؔ͋Γɼ෼฼ͷࢠ͸෼ੑ࢈

૬͕ؔ͋Δ͜ͱ͸Ұ໌ࣗݟͰ͋ΔΑ͏ʹࢥΘΕΔɽ͔͠

͠ɼ࣮ࡍʹॱҐ૬ؔ܎਺Λௐ΂ΔͱɼFPͱੜੑ࢈ͱͷ૬

਺͸ʵ0.60ͱ܎ͱͷ૬ؔੑ࢈਺ͱੜ޻਺͸ʵ0.28ɼ܎ؔ

ͳ͓ͬͯΓɼ͍ͣΕ΋ੜੑ࢈ͱෛͷ૬ؔͱͳ͍ͬͯͨɽ

͢ͳΘͪɼ෼ࢠʹ͋Δ͔Βਖ਼ͷ૬ؔɼ෼฼ʹ͋Δ͔Βͱ

͍ͬͯෛͷ૬ؔʹͳΔͱ͸Ұ֓ʹ͑ݴͳ͍͜ͱʹͳΔɽ

·ͨɼ෼ੳର৅ͷϓϩδΣΫτಛੑͷଟ͘͸ɼੜੑ࢈

Λߏ੒͢ΔϝτϦΫεΛؚΜͰ͓Γɼੜੑ࢈ͱԿΒ͔ͷ

ਤ�� ໛౰ͨΓཁһ਺ͷ෼෍ن

規模当たり要員数

度

数

��

��

�

�

�

�

�

��� ��� ��� ��� ���

5 ࡯ɹߟ

ੜੑ࢈ʹ�

FP

MM

ฏۉཁһ਺ʹ� ʹ�

MM

DD ੜੑ࢈�

FP

DD

�ʹ໛౰ͨΓཁһ਺ن ʹ�

ฏۉཁһ਺�

FP FP

MM

DD
ʹ�

ੜੑ࢈�

1

DD

SEC-15-22-角田  09.3.23 0:22 PM  ページ 66



67SEC journal Vol.5 No.1 Mar.2009

ؔ࿈͕͋Δ͜ͱ͸Ұ໌ࣗݟͰ͋Δ͕ɼੜੑ࢈ʹରͯ͠ϓ

ϥεʹಇ͘ͷ͔ϚΠφεʹಇ͘ͷ͔͸ɼఆ͔ٛΒ͸໌Β

͔Ͱ͸ͳ͍ɽྫ͑͹ɼFPʢ։ൃن໛ʣ͸ੜੑ࢈ʹରͯ͠

ϚΠφεʹಇ͘ͷ͸Ұ໌ࣗݟͷΑ͏Ͱ͋Δ͕ɼιϑτ΢

ΣΞ։ൃҎ֎ͷۀछʢ੡଄ۀ౳ʣͰ͸ɼن໛͕େ͖͍ͱ

ɼϓϥεʹಇ͘৔߹΋্͠޲͕ੑ࢈ՌʹΑͬͯੜޮ࢈ྔ

͋ΓಘΔɽಉ༷ͷྫͱͯ͠όάີ౓͕͛ڍΒΕΔɽόά

ີ౓͸όά਺ʗ։ൃن໛ʹΑΓఆٛ͞ΕΔ͕ɼ։ൃن໛

͕όάີ౓ʹରͯ͠ϓϥεʹಇ͘ͷ͔ϚΠφεʹಇ͘ͷ

͔͸ɼఆ͔ٛΒ͸໌Β͔Ͱ͸ͳ͍ɽ

6 ؔ࿈ڀݚ

͜Ε·Ͱιϑτ΢ΣΞ։ൃͷੜੑ࢈ʹ͍ͭͯɼ༷ʑͳ

ΘΕ͓ͯΓɼ։ߦ͕ڀݚ͍ͨ༺ͷσʔλϦϙδτϦΛࠃ

ൃཁһ਺ͱੜੑ࢈ͱͷؔ࿈͕͍͜ڧͱΛࣔͨ͠ز͕ڀݚ

͔ͭଘ͢ࡏΔ[BLACKBURN1996][JEFFERY1996]

[MAXWELL1996]ɽͨͩ͠ɼن໛౰ͨΓͷ։ൃཁһ਺ͱੜ

ͱͷؔ࿈͸͜Ε·Ͱ໌Β͔ʹ͞Ε͍ͯͳ͔ͬͨɽຊੑ࢈

࿦จͰ͸ɼ։ൃཁһ਺ΑΓ΋ن໛౰ͨΓͷ։ൃཁһ਺ͷ

΄͏͕ɼΑΓੜ͍ڧʹੑ࢈ӨڹΛ༩͑Δ͜ͱΛࣔͨ͠ɽ

։ൃཁһ਺Λྀͨ͠ߟϞσϧͱͯ͠ɼ։ൃཁһ਺Λͦ

ͷ··આ໌ม਺ʹ༻͍ͨϞσϧ͕͔ͭزఏҊ͞Ε͍ͯΔ

[JEFFERY2000][MAXWELL1999] [MENDES2004]ɽͨͩ͠ɼ

਺͕ະ֬ఆͷͱ͖ʣ޻ʢ։ൃ࣌༺ΓϞσϧͷརੵݟ਺޻

ʹ։ൃཁһ਺͕֬ఆ͍ͯ͠Δ͜ͱ͸গͳ͍ͨΊɼϞσϧ

ͷར༻Մೳػձ͸গͳ͍ͱ͑ߟΒΕΔɽ·ͨɼن໛౰ͨ

Γཁһ਺Λઆ໌ม਺ʹ༻͍ͨϞσϧ΍ɼن໛౰ͨΓཁһ

਺ʹΑΓ૚ผͨ͠޻਺ੵݟΓϞσϧ͸ఏҊ͞Ε͍ͯͳ͍ɽ

7 ·ͱΊ

ຊ࿦จͰ͸ɼੜੑ࢈ͱͷؔ࿈͕͍ڧϓϩδΣΫτಛੑ

ΓϞσϧΛੵݟ਺޻ϓϩδΣΫτΛ૚ผ͠ɼ͍ͯͮجʹ

໛౰ͨΓཁһنங͢Δ͜ͱΛఏҊͨ͠ɽ෼ੳʹΑΓɼߏ

਺͸ੜੑ࢈ͱͷؔ࿈͕͍͜ڧͱΛ໌Β͔ʹͨ͠ɽͦͯ͠ɼ

ߏϓϩδΣΫτΛ૚ผ͍ͯͯͮ͠جʹ໛౰ͨΓཁһ਺ن

ஙͨ͠Ϟσϧ͸ɼฏۉཁһ਺ʹ͍ͯͮج૚ผͯ͠ߏங͠

ͨϞσϧ΍ɼFPʹ͍ͯͮج૚ผͯ͠ߏஙͨ͠Ϟσϧɼ૚

ผΛߦΘͣʹߏஙͨ͠ϞσϧΑΓ΋ɼ޻਺ੵݟΓͷਫ਼౓

ͷ༧ఆ͸ɼ༷ʑͳσʔληޙࠓͱΛ͔֬Ίͨɽ͍͜ߴ͕

οτΛ༻͍ͯఏҊํ๏ͷੵݟΓਫ਼౓Λ֬ೝ͠ɼ݁Ռͷ৴

པੑΛΑΓߴΊΔ͜ͱͰ͋Δɽ
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