
৘ใଛࣦࢦඪͷඇ਺஋σʔλ΁ͷద༻

ळࢁ (a,1ࢠ׮ ࿨ా ণত2

֓ཁɿϛΫϩΞάϦήʔγϣϯʹΑΓࣦΘΕΔ৘ใͷྔͷׂ߹Λද͢ࢦඪͱͯ͠ɼ৘ใଛࣦࢦඪ ILDΛఆ

ٛ͢ΔɽILD͸ɼσʔλؒͷڑ཭ʹ͖ͮجఆٛ͞ΕΔͷͰɼ਺஋σʔλ͚ͩͰͳ͘ɼద੾ͳڑ཭Λબ΂͹

จྻࣈͰද͞ݱΕΔΑ͏ͳσʔλʹରͯ͠΋ద༻ՄೳͰ͋Δɽຊ࿦จͰ͸ɼILDΛඇ਺஋σʔληοτʹ

ద༻͠ɼڑ཭ͷઃఆʹ͍ͭͯ࡯ߟΛͨͬߦɽ਺஋σʔληοτʹର͢ΔϛΫϩΞάϦήʔγϣϯʹ͓͍ͯ

άϧʔϓͷ୅ද஋ͱͯ͠ฏۉ஋Λ༻͍Δ৔߹ʹ͸ɼILD͸ฏۉͱσʔλͷࠩͷ 2৐࿨ʹ͍ͨͮج৘ใଛࣦ

ඪΛࣗવʹ֦ுͨ͠΋ͷͱͳ͍ͬͯΔɽࢦඪͱҰக͠ɼ͜ͷ৘ใଛࣦࢦ

Ωʔϫʔυɿ৘ใଛࣦɼϛΫϩΞάϦήʔγϣϯɼಗ໊Խ

Application of an Information Loss Index to Non-numerical Data

Hiroko Akiyama1,a) Masaaki Wada2

Abstract: We define a new information loss index ILD as the ratio of the amount of information lost by
microaggregation. Since ILD is based on distance between data, it is applicable not only to numerical data,
but also to data like ones represented by character strings if we choose suitable distance. In this paper,
we apply ILD to non-numerical datasets, and discuss choice of distance. For microaggregation of numerical
datasets using the average values as the representatives of groups, ILD coincides with the information loss
index based on the sum of squares of the difference between the average and data. In this sense, ILD is a
natural extension of the information loss index.
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1. ͸͡Ίʹ

σʔληοτΛάϧʔϓʹ෼ׂ͠ɼάϧʔϓ͝ͱʹσʔ

λΛ୅ද஋ʹஔ͖͑׵Δૢ࡞͸ϛΫϩΞάϦήʔγϣϯͱ

Ε͍ͯΔʢ[1]ɼ[2]ʣɽ͞ڀݚ͹Εɼಗ໊ԽͷҰख๏ͱͯ͠ݺ

͋ΔσʔληοτʹϛΫϩΞάϦήʔγϣϯΛ࣮͢ߦΔ

ͱɼσʔληοτͷ࣋ͭ৘ใͷҰ෦͕ࣦΘΕΔɽ͜ͷͱ͖ɼ

ࣦΘΕΔ৘ใͱ͸ͦ΋ͦ΋Կͳͷ͔ɼҰମͲͷఔ౓ͷ৘ใ

͕ࣦΘΕͨͱ͑ߟΕ͹ྑ͍ͷ͔ɼͱ͍͏Α͏ͳ͜ͱΛ͑ߟ

͍ͨɽ

ຊ࿦จͰ͸ɼσʔλؒͷڑ཭͕೚ҙʹ༩͑ΒΕͨͱ͖ɼ
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ͦΕʹ͍ͯͮجσʔληοτશମͷ࣋ͭ৘ใͷྔΛఆٛ

͠ɼͦΕΛ৘ใ༰ྔͱΑͿɽ·ͨɼϛΫϩΞάϦήʔγϣ

ϯʹΑΓࣦΘΕΔ৘ใ༰ྔͷׂ߹ͱͯ͠৘ใଛࣦࢦඪ ILD

ʢInformation Loss based on DistanceʣΛఆٛ͢Δɽ

ILD͸ڑ཭ʹ͖ͮجఆٛ͞Ε͓ͯΓɼ਺஋ଐੑҎ֎ͷਓ

໊΍ॅॴͷΑ͏ͳσʔλʹରͯ͠΋ɼద༻͢Δ͜ͱ͕Մ

ೳͱͳ͍ͬͯΔɽ3અͰ͸ɼจྻࣈͰද͞Ε͍ͯΔσʔλ

ηοτʹରͯ͠ϛΫϩΞάϦήʔγϣϯΛ࣮͠ߦɼ༷ʑͳ

σʔλؒڑ཭Λઃఆͯ͠ ILDΛ͠ࢉܭɼ݁Ռʹରͯ͠࡯ߟ

Λ͏ߦɽ

਺஋σʔληοτʹର͢ΔϛΫϩΞάϦήʔγϣϯʹ͓

͍ͯ͸ɼ෼ׂ͞Εͨάϧʔϓ͝ͱͷ୅ද஋ͱͯ͠άϧʔϓ

ͷฏۉ஋Λ༻͍Δ৔߹͕Α͘͞ڀݚΕ͓ͯΓɼฏۉͱͷࠩ

ͷ̎৐࿨ʹ͍ͨͮج৘ใଛࣦࢦඪ ILSSDM ʢInformation

Loss based on Sum of Square Difference from the Meanʣ

1ⓒ 2017 Information Processing Society of Japan

情報処理学会研究報告 
IPSJ SIG Technical Report

Vol.2017-MPS-113 No.10
Vol.2017-BIO-50 No.10

2017/6/23



͕༻͍ΒΕ͍ͯΔʢ[3]ɼ[4]ɼ[5]ɼ[6]ɼ[7]ɼ[8], [9], [10]ʣɽILD

͸ɼILSSDMΛ֦ுͨ͠΋ͷͰ͋Γɼσʔλؒͷڑ཭ͱ͠

ͯϢʔΫϦουڑ཭Λ༻͍ͨ৔߹ɼILD͸͜ͷ ILSSDMͱ

ಉ͡஋ʹͳΔ͜ͱΛ 4અʹͯࣔ͢ɽ

2. ৘ใଛࣦࢦඪ ILDͷఆٛ

2.1 ৘ใ༰ྔͷఆٛ

σʔληοτ

A = (x1, . . . , xN ), xi ∈ X(i = 1, . . . , N)

͕͋Δͱ͢Δɽ·ͨɼX ͷ 2 ͭͷσʔλ x, y ؒͷڑ཭

d(x, y)͕༩͑ΒΕ͍ͯΔͱ͢Δɽ

X ͱڑ཭ʹ͍ͭͯ͸ɼྫ͑͹࣍ͷΑ͏ͳ΋ͷΛͯ͑ߟ

͍Δɽ

• ϢʔΫϦουڑ཭
X = Rnɼx, y ∈ Rn ʹର͠ɼ

d(x, y) =

√√√√
n∑

i=1

(xi − yi)2

• ཭ڑࢄ཭
X ͸೚ҙͷू߹ɼx, y ∈ X ʹର͠ɼ

d(x, y) =

⎧
⎨

⎩
1 (x ̸= y)

0 (x = y)

• ໦ߏ଄Λ΋ͭσʔληοτͷ 2ͭͷσʔλؒڑ཭

XΛ೚ҙͷू߹ͱ͢ΔɽσʔληοτAʢA ⊆ Xʣ͸ɼ

໦ߏ଄Λ༻͍ͨ֊૚ܕͷϛΫϩΞάϦήʔγϣϯ͕ߦ

ΘΕ͍ͯΔͱ͢Δɽ͜ͷͱ͖ɼ໦ͷ༿͸ AͷσʔλͰ

͋Γɼϊʔυ͸ X ͷσʔλͰ͋ΔɽX ͷ 2ͭͷσʔ

λ x, yؒͷڑ཭͸ɼx͔Β y΁౸ୡ͢Δͷʹ௨Δࢬͷ

਺ͱͯ͠ٻΊΒΕΔɽ

σʔληοτ Aͷ৘ใ༰ྔ I(A)Λɼ

I(A) =
N∑

i=1

N∑

j=1

d(xi, xj)
2

ͱఆٛ͢Δɽ

2.2 ILDͷఆٛ

σʔληοτ

A = (x11, . . . , x1n1 , x21, . . . , x2n2 , . . . , xm1, . . . , xmnm)

͕άϧʔϓ A1, . . . , Amʹ෼ׂ͞Ε͍ͯΔͱ͢Δɽͨͩ͠ɼ

Ak = (xk1, . . . , xknk) (k = 1, . . . ,m)

Ͱ͋Δɽ͍·ɼάϧʔϓ Ak ʹଐ͢ΔσʔλΛ͢΂ͯ Ak

ͷ୅ද஋ x̂k ʹஔ͖͑׵Δͱɼσʔληοτ͸ɼ

Â = (x̂1, . . . , x̂1, x̂2, . . . , x̂2, . . . , x̂m, . . . , x̂m)

ͱͳΔɽ͜ͷͱ͖ɼҰൠʹ I(A) > I(Â)ͱͳ͍ͬͯΔɽ

Δ৘ใଛࣦΛɼؔ͢ʹ͑׵ͷஔ͖ه্

ILD =
I(A)− I(Â)

I(A)

ͱఆٛ͢Δɽ

ҎԼʹɼILDͷ۩ମྫΛࣔ͢ɽ

ྫ 2.1 (਺஋σʔληοτ) σ ʔ λ η ο τ

D = (1, 2, 3, 4) ͕ D1 = (1, 2) ͱ D2 = (3, 4) ʹ෼ׂ

͞Ε͍ͯΔͱ͢Δɽάϧʔϓ D1ɼD2 ʹଐ͢ΔσʔλΛɼ

ͦΕͧΕͷάϧʔϓͷฏۉ஋ʹஔ͖͑׵Δͱɼσʔληο

τ͸ D̂ = (1.5, 1.5, 3.5, 3.5)ͱͳΔɽ2ͭͷσʔλؒͷڑ཭

ΛϢʔΫϦουڑ཭Ͱ༩͑Δͱ͢ΔͱɼD ͱ D̂ ͷ৘ใ༰

ྔ͸ɼI(D) = 40ɼI(D̂) = 32ͱͳΔɽ͕ͨͬͯ͠ɼฏۉ஋

ʹஔ͖͑׵Δ͜ͱʹΑΔ৘ใଛࣦ͸ɼILD = 40−32
40 = 0.2

Ͱ͋Δɽ

ྫ 2.2 (σʔληοτ߸ه) 4 ΒͳΔσʔ͔߸هͷݸ

ληοτ S = (a11, a12, a21, a22) ͕ɼS1 = (a11, a12) ͱ

S2 = (a21, a22)ʹ෼ׂ͞Ε͍ͯΔͱ͢ΔɽS ͸ɼਤ 1ͷΑ

͏ʹ໦ߏ଄Λ΋ͭ֊૚ܕͷϛΫϩΞάϦήʔγϣϯ͕͞Ε

͍ͯΔͱ͢ΔɽάϧʔϓS1ɼS2ʹଐ͢ΔσʔλΛɼͦ ΕͧΕ

a1ɼa2ʹஔ͖͑׵Δͱɼσʔληοτ͸ Ŝ = (a1, a1, a2, a2)

ͱͳΔɽ2ͭͷσʔλؒͷڑ཭Λϊʔυؒͷࢬͷ਺Ͱ༩͑

ΔͱɼSɼŜ ͷ৘ใ༰ྔ͸ɼI(S) = 144ɼI(Ŝ) = 32 ͱͳ

Δɽ͕ͨͬͯ͠ɼ৘ใଛࣦ͸ ILD = 144−32
144 = 0.778Ͱ͋

Δɽ·ͨɼS ͷσʔλΛ͢΂ͯ aʹஔ͖͑׵Δͱɼσʔλ

ηοτ͸ ̂̂
S = (a, a, a, a) ͱͳΔɽ̂̂

Sͷ৘ใ༰ྔ͸ I(
̂̂
S) = 0

ͳͷͰɼ৘ใଛࣦ͸ ILD = 144−0
144 = 1Ͱ͋Δɽ

ਤ 1 ໦ߏ଄Λ΋ͭه߸σʔληοτ

3. ILDͷඇ਺஋σʔλ΁ͷద༻

ඇ਺஋σʔληοτʹରͯ͠ɼҟͳΔڑ཭Λઃఆ͠ ILD

Λ͠ࢉܭɼ࡯ߟΛ͏ߦɽ

3.1 ཭ઃఆʹΑΔڑ ILDͷൺֱ

จྻࣈͰද͞ΕΔ ͷσʔλ͔ΒͳΔσʔληοτDݸ8

ͷσʔληοτݝΔɽ౎ಓ෎͑ߟ͍ͯͭʹ D=(௕໺ɼ৽

ׁɼ౦ژɼਆಸ઒ɼେࡕɼಸྑɼ෱Ԭɼ۽ຊ)ʹ͓͍ͯɼ௕

໺ͱ৽ׁΛߕ৴ӽʹɼ౦ژͱਆಸ઒Λؔ౦ʹɼେࡕͱಸྑ
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Λؔ੢ʹɼ෱Ԭͱ۽ຊΛ۝भʹஔ͖͑׵Δͱɼσʔληο

τ͸ D̂=(ߕ৴ӽɼߕ৴ӽɼؔ౦ɼؔ౦ɼؔ੢ɼؔ੢ɼ۝भɼ

۝भ)ͱͳΔɽ͜ͷΑ͏ʹஔ͖ͨ͑׵৔߹ɼ༩͑Δڑ཭ͷ

ઃఆʹΑͬͯ ILDͷ஋͕มԽ͢Δ۩ମྫΛࣔ͢ɽ

( 1 ) ཭ڑࢄ཭

σʔλؒͷڑ཭Λ཭ڑࢄ཭Ͱ༩͑ΔͱɼDɼD̂ͷ৘ใ

༰ྔ͸ɼIdiscr(D) = 56ɼIdiscr(D̂) = 48ͱͳΔɽͨ͠

͕ͬͯɼILDdiscr = 0.14285Ͱ͋Δɽ

( 2 ) ໦ߏ଄ͷσʔλؒڑ཭

σʔληοτ D ͕ਤ 2 ͷΑ͏ͳ໦ߏ଄Λ΋͍ͬͯ

Δ৔߹Λ͑ߟΔɽσʔλؒͷڑ཭Λϊʔυؒͷࢬͷ

਺Ͱ༩͑ΔͱɼDɼD̂ ͷ৘ใ༰ྔ͸ɼIt(D) = 1440ɼ

It(D̂) = 576ͱͳΔɽ͕ͨͬͯ͠ɼILDt = 0.6Ͱ͋Δɽ

ਤ 2 ໦ߏ଄Λ΋ͭ౎ಓ෎ݝσʔληοτ

( 3 ) ॏΈ෇͖άϥϑͷσʔλؒڑ཭

σʔληοτ DɼD͕̂ਤ 3ɼ4ͷΑ͏ͳॏΈ෇͖άϥ

ϑͷߏ଄Λ΋͍ͬͯΔ৔߹Λ͑ߟΔɽଠ͍࣮ઢͷॏΈ

͸ 6ɼଠ͍ഁઢͷॏΈ͸ 4ɼ࣮͍ࡉઢͷॏΈ͸ 2ɼ͍ࡉ

ഁઢͷॏΈ͸ 1ͱ͢Δɽσʔλؒͷڑ཭Λࢬʹ෇༩͞

ΕͨॏΈͰ༩͑ΔͱɼIg(D) = 648ɼIg(D̂) = 640ͱ

ͳΔɽ͕ͨͬͯ͠ɼILDg = 0.01234Ͱ͋Δɽ

ਤ 3 ॏΈ෇͖άϥϑͷߏ଄Λ΋ͭ౎ಓ෎ݝσʔληοτ D

Ҏ্ͷ݁ՌΛද 1ʹࣔ͢ɽ

ਤ 4 ॏΈ෇͖άϥϑͷߏ଄Λ΋ͭ౎ಓ෎ݝσʔληοτ D̂

ද 1 ҟͳΔڑ཭ઃఆʹର͢Δ৘ใ༰ྔͱ ILD ͷൺֱ
I(D) I(D̂) ILD

཭ڑࢄ཭ 56 48 0.14285

໦ߏ଄ 1440 576 0.60000

ॏΈ෇͖άϥϑ 648 640 0.01234

3.2 ࡯ߟ

ಉҰͷσʔληοτʹରͯ͠ɼҟͳΔڑ཭Λઃఆͯ͠ܭ

ͨ͠ࢉ ILDΛൺֱ͠ɼ৘ใ༰ྔͷࢉܭͱσʔλؒͷڑ཭ͷ

ઃఆͱ͍͏؍఺͔Β͢࡯ߟΔɽ

·ͣɼ৘ใ༰ྔͷࢉܭʹؔ͢Δ࡯ߟΛड़΂Δɽ৘ใ༰ྔ

ͷఆٛʹ͸σʔλؒͷڑ཭ؚ͕·Ε͍ͯΔ͕ɼRn ʹ͓͚

Δڑ཭ͱͯ͠͸ɼ࣮਺ 1 ≤ p ≤ ∞ʹରͯ͠ఆٛ͞ΕΔ p−
཭ڑ

dp(x, y) =

⎧
⎨

⎩
(
∑n

i=1 |xi − yi|p)
1
p 1 ≤ p < ∞

maxi=1,...,n |xi − yi| p = ∞

͕͋Δɽd2(x, y)͕ 2.1અʹͯఆٛͨ͠৘ใ༰ྔʹ༻͍Β

Ε͍ͯΔڑ཭Ͱ͋Δɽ3.1 અͰͨ͠ࢉܭ۩ମྫʹ͍ͭͯɼ

p = 1ͱͨ͠ͱ͖ͷ৘ใ༰ྔͱ ILDΛද 2ʹࣔ͢ɽͲͷΑ

ද 2 p = 1 ͱͨ͠ͱ͖ͷ৘ใ༰ྔͱ ILD ͷൺֱ

I(D) I(D̂) ILD

཭ڑࢄ཭ 56 48 0.14285

໦ߏ଄ 272 160 0.41176

ॏΈ෇͖άϥϑ 168 160 0.04762

͏ͳڑ཭Λ༻͍Δͷ͕ద੾͔͸ɼԠ༻͠Α͏ͱ͢Δσʔλ

ͷछྨʹԠͨ͡ݕ౼͕ඞཁͰ͋Δɽ

࣍ʹɼڑ཭ͷઃఆʹؔ͢Δ࡯ߟΛड़΂ΔɽจྻࣈͳͲͰ

ද͞ݱΕΔσʔλ΍ɼΧςΰϦʹ෼͚ΒΕ͍ͯΔσʔλͳ

Ͳʹؔͯ͠ɼσʔλछผʹԠͯ͡ڑ཭ͷઃఆΛྀ͢ߟΔඞ

ཁ͕͋Δɽσʔλͷ΋ͭҙຯ΍ྨࣅ౓ͳͲͱ͍ͬͨσʔλ

ͷಛੑΛ্ྀͨ͠ߟͰɼσʔλؒͷڑ཭Λઃఆ͢Δ͜ͱʹ

ΑΓɼ৘ใଛࣦͷ౓߹͍ΛΑΓత֬ʹ೺ѲͰ͖Δͱ͑ߟΒ

ΕΔɽ3.1અͰͨ͠ࢉܭ۩ମྫʹؔͯ͠͸ɼσʔλ͕ҟͳͬ

͍ͯΔ͔Ͳ͏͔ͷΈΛ஌Γ͍ͨ৔߹͸཭ڑࢄ཭ɼ෺ཧతͳ

৔߹͸ॏΈ෇͖άϥϑ͕ɼ৘ใଛࣦͷ೺ྀ͍ͨ͠ߟ཭Λڑ

Ѳʹద͍ͯ͠Δͱ͑ߟΔ͜ͱ͕Ͱ͖Δɽ
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4. ILDͱ ILSSDMͷൺֱ

਺஋σʔληοτʹରͯ͠ɼ෼ׂ͞Εͨάϧʔϓ͝ͱͷ

୅ද஋Λάϧʔϓͷฏۉ஋ͱ͠ɼάϧʔϓ಺ͷσʔλΛฏۉ

஋ʹஔ͖͑׵Δ͜ͱΛฏۉԽͱΑͿɽຊઅͰ͸ɼ਺஋σʔ

ληοτʹରͯ͠ฏۉԽΛ͏ߦ৔߹ͷ ILD͕ɼILSSDMͱ

ಉ͡ʹͳΔ͜ͱΛࣔ͠ɼ࡯ߟΛड़΂Δɽ

4.1 ILSSDMͷఆٛ

N ͷσʔλ͔ΒͳΔ਺஋σʔληοτݸ X ∈ Rn ͕

άϧʔϓ X1, . . . , Xm ʹ෼ׂ͞ΕɼXi ͕ ni ͷσʔλݸ

xij (0 ≤ j ≤ ni)ΛؚΜͰ͍Δ΋ͷͱ͢ΔɽXiͷฏۉΛ xi

ͱ͠ɼฏ͔ۉΒͷڑ཭ͷ 2৐࿨ (Sum of Squared Errors)Λ

SSE =
m∑

i=1

ni∑

j=1

|xij − xi|2

Ͱද͢ɽҰํɼશσʔλͷฏۉΛ xͱ͠ɼ

SSA =
m∑

i=1

ni|xi − x|2

ͱ͓͚͹ɼશσʔλͷฏ͔ۉΒͷڑ཭ͷ 2৐࿨͸

SST =
m∑

i=1

ni∑

j=1

|xij − x|2 = SSE + SSA

ͱද͢͜ͱ͕Ͱ͖Δɽ͜ͷͱ͖ɼILSSDM͸࣍ͷΑ͏ʹఆ

ٛ͞ΕΔɽ

ILSSDM =
SST − SSA

SST
=

SSE

SST

͜Ε͸ɼXi ͷ෼ࢄ var(Xi) ͱ X ͷ෼ࢄ var(X) Λ༻͍

Ε͹ɼ

ILSSDM =

∑m
i=1 ni var(Xi)

N var(X)
(1)

ͱද͢͜ͱ͕Ͱ͖Δɽ

4.2 ৘ใ༰ྔͷࢉܭ

3.1અͱಉ༷ͷ෼ׂʹ͓͍ͯɼશσʔλͷ৘ใ༰ྔ͸ɼ

I(X) =
m∑

i=1

m∑

j=1

∑

x∈Xi

∑

y∈Xj

|x− y|2

=
m∑

i=1

m∑

j=1

∑

x∈Xi

∑

y∈Xj

|(x− xi) + (xi − xj) + (xj − y)|2

=
m∑

i=1

m∑

j=1

∑

x∈Xi

∑

y∈Xj

(|x− xi|2 + |xi − xj |2 + |xj − y|2)

=
m∑

i=1

m∑

j=1

ninj(var(Xi) + |xi − xj |2 + var(Xj))

(2)

ͱͳΔɽ·ͨɼX ͷฏۉ xΛ༻͍ͨࢉܭʹΑͬͯɼ

I(X) =
∑

x∈X

∑

y∈X

|x− y|2

=
∑

x∈X

∑

y∈X

|(x− x) + (x− y)|2

=
∑

x∈X

∑

y∈X

(|x− x|2 + |x− y)|2)

= 2N2 var(X) (3)

ͱද͢͜ͱ΋Ͱ͖Δɽ

4.3 ฏۉԽʹؔ͢Δ ILDͱ ILSSDMͷൺֱ

X ͷ෼ׂ X1, . . . , Xm ʹ͓͍ͯɼ֤ Xi ʹؚ·ΕΔσʔ

λΛάϧʔϓͷฏۉ஋ xi ʹஔ͖ͨ͑׵σʔληοτΛ X ′

ͱ͢Δͱɼ

I(X ′) =
m∑

i=1

m∑

j=1

ninj |xi − xj |2 (4)

Ͱ͋Δ͔Βɼ(2), (4)ΑΓɼ

I(X)− I(X ′) =
m∑

i=1

m∑

j=1

ninj(var(Xi) + var(Xj))

= 2
m∑

i=1

m∑

j=1

ninj var(Xi)

= 2N
m∑

i=1

ni var(Xi) (5)

͕ͨͬͯ͠ɼ(3), (5)ΑΓɼ

ILD =
I(X)− I(X ′)

I(X)

=

∑m
i=1 ni var(Xi)

N var(X)
(6)

ͱͳΓɼILD͸ ILSSDMʹҰக͢Δ͜ͱ͕Θ͔Δɽ

4.4 ࡯ߟ

ҰൠʹɼILD ͷྔࢉܭ͸ɼσʔλ૯਺Λ N ͱ͢Δͱɼ

O(N2)Ͱ͋ΔɽҰํɼILSSDMͷྔࢉܭ͸ O(N)Ͱ͋Δ

͔ΒɼRnͷ਺஋σʔληοτʹର͠ϢʔΫϦουڑ཭Λ༻

͍Δ৔߹ʹ͸ɼILSSDMͷࣜࢉܭΛ༻͍Δ͜ͱʹΑΓ ILD

Λߴ଎ʹ͢ࢉܭΔ͜ͱ͕ՄೳͰ͋Δɽ

5. ·ͱΊ

ຊڀݚͰ͸ɼσʔληοτʹϛΫϩΞάϦήʔγϣϯΛ

ඪͱ͠ࢦࣔ͢ʹత؍গΛ٬ݮੜ͡Δ৘ใͷʹࡍΔ͢ߦ࣮

ͯɼ৘ใଛࣦࢦඪ ILDΛఆٛͨ͠ɽσʔληοτͷ΋ͭ৘

ใͷྔͱͯ͠৘ใ༰ྔΛఆٛ͢Δ͜ͱʹΑΓɼݩͷσʔλ

ηοτʹରͯ͠ɼϛΫϩΞάϦήʔγϣϯʹΑΓมԽͨ͠

σʔληοτ͸Ͳͷఔ౓৘ใ͕ݮগ͔ͨ͠Λද͢͜ͱ͕Մ

ೳͱͳͬͨɽILD͸ɼσʔλؒͷڑ཭Λ༻͍ͯࢉܭͰ͖Δ

ͨΊɼ೚ҙͷڑ཭͕༩͑ΒΕΕ͹ɼ਺஋Ҏ֎ͷσʔλʹର
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ͯ͠΋৘ใଛࣦΛࢉܭͰ͖ΔࢦඪͰ͋Δɽ਺஋Ҏ֎ͷσʔ

λͱͯ͠౎ಓ෎ݝͷσʔληοτʹ͍ͭͯ͑ߟɼϛΫϩΞ

άϦήʔγϣϯͷ݁Ռʹରͯ͠ҟͳΔσʔλؒڑ཭ͷઃఆ

Λ͠ ILDΛൺֱͨ͠ɽILD࣌ࢉܭͷσʔλؒڑ཭͸ɼp−
཭ͳͲԠ༻͢ΔσʔλͷछྨʹԠͯ͡ઃఆ͢ڑࢄ཭΍཭ڑ

Δ͜ͱ͕Ͱ͖ΔͨΊɼ৘ใଛࣦͷ౓߹͍Λσʔλͷಛੑʹ

߹ΘͤͯΑΓత֬ʹ೺ѲͰ͖Δͱ͑ߟΒΕΔɽ·ͨɼILD

͸ ILSSDMΛ֦ுͨ͠΋ͷͱͳ͍ͬͯΔ͜ͱΛɼ਺஋σʔ

ληοτʹରͯ͠ฏۉԽΛ͏ߦ৔߹ͷ ILDͱ ILSSDM͕

ಉ͡஋ʹͳΔ͜ͱΛূ໌͢Δ͜ͱʹΑΓࣔͨ͠ɽ
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