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࡛ζี࠱ᒧӍݣڄ዗૥૗ࠝݯ୭తʦႩሣᕙᑵతʦçન̧࡭Խʕߡռʄ
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ᆦܓéϚ௠ᇺቈ́ڄ੪ᔨ˃ʓçӍߧ࡭ԥմআ໩ႎᄑ࠳ၼጅ዇׷ڄ቙çӢ᜵
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˔ЉҺڄ׷ጅ୊çᝳ࿫ූ໵আ໩˔˃ޥᚿ঻෋ڄӢ᜵çՓૉ৫Ϛщၲ଍άʓ
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዗ቈ

Ϛ ϶çࠝݯ୭తʦႩሣᕙᑵతʦϚ [1] ˀಏ̳ʄɾۍࡴለੂڄ׷࿽

ႎཔԦ஀ڄᆦܓçϚЏ੪ᔨ˃ʓؠ ϶ [2] ௠ᇺቈ́ˀ̧࡭ಏ̳ʄআ໩ႎ

ᄑ࠳ၼጅ዇ڄᆦܓçӍ࡭અߧԥЏআ໩ႎᄑ࠳ၼጅ዇ᆦڄܓॐ׷é

Ӎ࡭અ˒ஂআ໩ႎᄑ࠳ၼጅ዇˃ࢍ୎çൂ׆আ໩˔ޥᚿᒂ޴ࡩߍ βçջ

ጒޥᚿআ໩˔˃᎔ʈડࣚ޴ inputrangeoneçవɾআ໩˔ᅬᛏմ̧আ໩˔˃

௤഻ᆚ޴ LinkageçӢ᜵আ໩˔שЏᅬᛏڄЉҺ׷ጅ୊޴ ρçՓ༵൤ቆዱ̣

ʕ੉ᆚࡩ࿬ූؠ໵আ໩˔ޥᚿ঻෋˜ќڄᅬᛏí

ջጒ᎔ʈડࣚ׆ൂ inputrangeone = 10, 20çρ = 0.00001 ∼ 0.9999çӍ࡭

Шᅱύၲʿψڄవɾআ໩˔ᅬᛏմ̧আ໩˔˃௤഻ᆚ Linkage = 5 ∼ 100ç

Ⴉআ໩˔ޥᚿᒂ޴ࡩߍ β = 2 ∼ 70çߧԥූ໵আ໩˔ޥᚿ঻෋ڄᒂߍᇷుé

ջጒ᎔ʈડࣚ׆ൂ inputrangeone = 10, 20çρ = 0.00001 ∼ 0.9999çӍ࡭

Шᅱύၲʿψڄవɾআ໩˔ᅬᛏմ̧আ໩˔˃௤഻ᆚ Linkage = 5 ∼ 100 Ⴉ

আ໩˔ޥᚿᒂ޴ࡩߍ β = 2 ∼ 70çШᅱջጒ᎔ʈ࿬ූؠ໵আ໩˔ޥᚿ঻෋˃

ʿᗌ׆࿽ੇڄ੤é

వɾআ໩˔ᅬᛏڄϚʿψؾ˜ጅ୊ç׷ЉҺ׆ջጒ᎔ʈ˃ડࣚçൂ׆ൂ

մ̧আ໩˔˃௤഻ᆚइջጒ᎔ʈ࿬ؠআ໩˔ޥᚿ঻෋ڄᒂߍᇷు˃շᆚ࿌ڄ

˜ͥçՓ༵൤ъ࠳մշᆚ˃ᆟსé

আ໩ႎᄑ࠳ၼጅ዇˃ࢍ୎

Ӎ࡭ᆦᐈɾࡴআ໩ႎᄑ࠳ၼጅ዇çϚॐ׆इ෇ൂ˅ջጒනʈçմআ໩˔

๡࿬Џջጒ୕Ά˫ᏻçӍ࡭અϚ௠໢იاմཡѕ˃ࢍ୎é

޴ᆚࡴ˃˔আ໩׆ൂ n ∈ Nèআ໩˔ޥᚿᒂ޴ࡩߍ β ∈ Qèవɾআ໩˔



ᅬᛏմ̧আ໩˔˃˃௤഻ᆚ޴ Linkage ∈ {0, 1, . . . , n}èջጒޥᚿআ໩˔˃

᎔ʈડࣚ޴ inputrangeoneèᅬᛏআ໩˔שЏ௤഻ڄЉҺ׷ጅ୊޴ ρ ∈ [0, 1]ç

࿬ؠ୶ i ޴ࡩߍᚿᒂޥআ໩˔մࡴ βi ∈ (β − 0.5, β + 0.5)çմˀϨسవɾআ

໩˔֌ռմ̧আ໩˔˃ᅬᛏʨؠմᒂࡩߍइӍ׆࡭໳Џআ໩˔ٶ࿽ޥ޴ᚿé

इ෇׆ൂ t ∈ Nç׆໳ x(t) = (x1(t), x2(t), . . . , xn(t)) ∈ {0, 1}n ˔η௰আ໩޴

Ϛइ෇ t इޥᚿٶ࿽˃ූϐçմˀ xi(t) = 1 ୶ڷ̩ i আ໩˔Ϛइ෇ࡴ t ޴

ᚿçxi(t)ޥ = 0 ୶ڷ̩ i আ໩˔Ϛइ෇ࡴ t इʿޥᚿé

ࡌЏ௤഻ᛱש˔໳আ໩׆ A = (aij) ∈ Mn(R)çմˀ aij ୶޴ i ˔আ໩ࡴ

ூ୶ j çմˀٜٶ˃আ໩˔ᅬᛏࡴ






aij ∈ (−25, 25) \ {0} ະ d(i, j) ≤ Linkage

2

aij = 0 ະ d(i, j) >
Linkage

2

̪ d(i, j) = {|i− j|, n− |i− j|}

׆ൂ ρ ጅ୊çѮӢ᜵ڄ׷ᅬᛏЉҺ޴ aij ௤഻ЉҺڄ׷˜ќ˃શٜéՓ̝

໳M(t)׆ = (x(1), x(2), . . . , x(t− 1)) ᚿશٜéޥڄআ໩˔Ϛύइ෇ࡴᎨύߺ

૊൤Шᅱջጒනʈ˃ٜٶçӍ׆ൂ࡭Џጅ዇Ϛइ෇ σ, 2σ, 3σ . . . इЉջ

ጒනʈçӵЎջጒ޴׆ܾۂ mç̝Ϛ௠ m ψéߟ޴ߖइ෇˖մջጒ᎔ʈࡴ

̪ inputrangeone ᆚèinputrangezeroࡴ˃ᚿ˫ᏻޥআ໩˔֌ջጒ୕Ά޴

๡Љ࡭ӵະջጒනʈइçӍݭᆚéࡴ˃আ໩˔֌ջጒ୕ΆӠվ˫ᏻ޴

inputrangeone ᚿ˫ᏻႩޥআ໩˔֌ջጒ୕Άࡴ inputrangezero আ໩˔֌ࡴ

ջጒ୕ΆӠվ˫ᏻé

׆ൂ s(t) ⊂ {1, 2, . . . , n} ΕϚइ෇ڷ t इቆዱੂѕ˃আ໩˔ç׆໳আ໩˔

Ϛइ෇ t ˃ཡѕ̄ദϷ xi(t+ 1)í

xi(t+ 1) =






(
n∑

j=1

(aij × xj(t))− βi) ະi ∈ s(t)

xi(t) ະi /∈ s(t)



մˀ ໳Ϩʓ׆

(u) =





1 u ≥ 0

0 u < 0

n∑
j=1

(aij × xj(t)) ୶޴ࡩ˃ i আ໩˔Ϛइ෇ࡴ t इ֌ռմ̧ޥᚿআ໩˔ᅬᛏڄ

ᑧ֜çϨسմᑧ֜ඟཫЏআ໩˔ڄᒂࡩߍ βiç۱Џআ໩˔๡Ϛइ෇ t + 1 ڄ

ᚿéޥᚿç˫˃۱ʿޥ޴࿽ٶ

Ӎ࡭અϚʓ໢ૉ৫Ϛʿψશٜ˃ʓූڄ໵আ໩˔˃ᒂࡩߍé

ූ໵আ໩˔ޥᚿ঻෋ڄᒂߍᇷు

घየӍ׿࡭ᆦᐈڄআ໩ႎᄑ࠳ၼጅ዇çൂ׆আ໩˔ࡴᆚ n = 300ç֊

inputrangeone = 10çinputrangezero = 10çLinkage = 5, 10, 15, . . . , 100, ρ =

0.00001 ∼ 0.9999çૉ৫Ӣ᜵আ໩˔˃௤഻ڄЉҺ׷ጅ୊࿬ූؠ໵আ໩˔ޥ

ᚿʕࡎ˃ᇷుé

˔໳ූ໵আ໩׆ ηi ⊂ {1, 2, 3, . . . , n}, i = 1, 2, 3, 4, 5çմˀӵɾࡴ ηi ௲Љ

Љ׿ؠআ໩˔˃т໯ç̝࿬ڷছ̩˔ڄࡒছç༬˔ࡴ i (= j ௲Љ ηi (= ηjé

໳׆ window ∈ {1, 2, . . . , σ} ଒ᝳ࿫࡭ቆ໢Ӎ޴ window इ෇˖আ໩˔ٶڄ

ٜé

࿬ؠ i = 1, 2, 3, 4, 5, t ∈ N ̪

observei(t) =
∑

j∈ηi

t∑

k=t−window+1

xj(k).

޴ ηi ௠இූ໵আ໩˔Ϛ window इ෇˖ޥڄᚿ˃আ໩˔ڄᑧ֜ç̪ Nσ ޴

ദϷ഻ӧ˃इ෇ᓭç̪

obmaxi = {observei(t) : t = nσ +m+ window,

nσ +m+ window + 1, . . . , (n+ 1)σ, n = 1, 2, . . . , N − 1}



obmini = {observei(t) : t = nσ +m+ window,

nσ +m+ window + 1, . . . , (n+ 1)σ, n = 1, 2, . . . , N − 1}.

̪

obmax =
i

obmaxi

obmin =
i

obmini

ະ t ∈ N, t > window Ӎ׆࡭໳ූ໵আ໩˔ ηi ᚿ঻෋ޥ˃ obcolori(t) Ϛइ޴

෇ (t− window) ռ t ˖˃ූ໵আ໩˔ූڄᝂޥᚿ˃શٜí

obcolori(t) =





∑
j∈ηi

t∑
k=t−window+1

xj(k)− obmin+ 1

obmax− obmin+ 1
× 4





)·* ڈʕਢಡ୷༙ç̈́޴ obcolori(t) = 1, 2, 3, 4é

̝Ϩس obcolori(t) = 4 इӍ׆࡭໳ ηi Ϛइ෇ t سиçϨ߹޴ᚿ঻෋ޥڄ

obcolori(t) = 3 ෦иçobcolori(t)޴ᚿ঻෋ޥ̪ = 2 ႋиçobcolori(t)޴ = 1

̪մޥᚿ঻෋޴ᕇиé

׆ൂ β ∈ Qç࿬׿ؠЉ t ∈ {1, 2, . . . , nσ}çobcolori(t) ᕢ᜵޴ηᕇइçηi

༬ڄআ໩˔౦̢ʿޥᚿç࿬ؠӵɾࡴআ໩˔ j ∈ ηi ֌ռմ̧আ໩˔˃ᅬᛏߖ

೷ٗඟඞմᒂࡩߍ βjçЏइڄ β ˔໵আ໩ූ޴ ηi éࡩߍᚿ঻෋˃ᒂޥڄ



࿌ 1 ޴ η1 Ϛ β = 4çinputrangeone = 10çLinkage = 45çρ = 0.5çӍ࡭

ɾθඥʄ 5 ЎദϷçൂ׆ n = 1, 2, 3, 4, 5ç࿌ˀ x ඪڄ 30(n− 1) + 1 ռ 30n

୶޴ n ЎദϷइූ໵আ໩˔ η1 ୶޴ᚿ঻෋˃࿌éմˀ୶ɾмનʕЩʓޥ˃

ɾЎദϷϚ m + window ռ σ ˃ η1 ୶ɾЎ޴ᚿ঻෋ç୶ʅмનʕЩʓޥڄ

ദϷϚ σ +m+ window ռ 2σ ˃ η1 ᚿ঻෋ç̣Џᘝ૕éޥڄ

࿌ 2 ޴ η1 Ϛ β = 42çinputrangeone = 10çLinkage = 45çρ = 0.5 इ࿌

ˀˉЎദϷ˃ޥᚿ঻෋౦̢޴ᕇçનЏ࿌Ӎ̳ߡ̣̈́࡭௠ˉЎദϷ༬ූ໵আ



໩˔ η1 ༬ڄআ໩˔౦̢௲ʿޥᚿçූݭ໵আ໩˔˃ޥᚿ঻෋ʼ๡᜼Ε޴ᕇ

иé

Ϛ࿌ 3 ˀൂ׆ ρ = 0.3 ˪ LinkageçӍ࡭ඥʄˉЎദϷç˜Ѥ࿬ η1 ռ η5

ᝳ࿫մޥᚿ঻෋çЏˉஇූ໵আ໩˔ψइཥռޥᚿ঻෋ᒂࡩߍइç৩ᎨՓഐ

Ϛ࿌ʕéΊЏ࿌Ӎᝳ̣̈́࡭࿫દ̳ະ ρ ᒂڄᚿ঻෋ޥ˃˔इçූ໵আ໩׆֣

๡Ꮂ൤ࡩߍ Linkage ᅍ̶é



Ϛ࿌ 4 ˀӍ࠳࡭ၼʄະ ρ = 0.00001, 0.01, 0.1, 0.3, 0.5, 0.7, 0.9, 0.9999 ˃ූ

໵আ໩˔ᒂߍᇷుڄ࿌ç̣̈́દ̳ະ ρ Ӣ᜵çූ໵আ໩˔ޥᚿڄᒂߍᇷుԅ

Љ˯ʨࣔڄ୙é

Ϛ࿌ 5 ̣̈́દڈ inputrangeone = 20çLinkage = 5, 10, 15, . . . , 100ç

ρ = 0.00001 ∼ 0.9999çූ໵আ໩˔˃ޥᚿᇷు̣̈́દ̳ະ inputrangeone =

10, 20 इçޥᚿᇷుԅЉ᜼൤ࣔ୙é

ъූ࠳໵আ໩˔ᒂߍᇷు˃շᆚ࿌Ӂ

ະ inputrangeone = 10, 20 इçӍ࠳࡭ၼ Linkage = 5 ռ 100 इçූ໵আ

໩˔ᒂߍᇷుڄշᆚ࿌Ӂђ̢޴ለ׷շᆚé༵ݵؠ൤࠳ၼϚ Linkage ੯ʨڄ

इࡵçᒂߍᇷు˃շᆚݵѴ๡޴ለ׷շᆚ



Ϛ࿌ 6è7 ˀ೦༵ʄ Linkage = 200 ˪ 280 çച୏ЏշᆚϚඟٜٶ˃

ཫ Linkage = 200 ૬୊๡௧ဿ᜵ʮçݭЏշᆚʿ޴ɾЎշᆚé̝࿬ؠ

inputrangeone = 10, 20çLinkage ੯ʨմޥᚿᒂࡩߍ՜೸ࣔ୙݃ʮéݵؠӍ

ݵڄ·մշᆚᆟსç௠ᘃ૙࠳൤ъ༵࡭ ϠෛϷࡩࣔ

࿌ 8 ڄ (a)ç(b)ç(c) ՜Һ޴ 1 Ўདྷ 2 Ўདྷ 4 ЎࡩࣔڄϠෛϷçӍ̣̈́࡭

દ̳ූ໵আ໩˔ᒂߍᇷు˃շᆚ· 2 Ўշᆚъߟ۔࠳ະຊᇧé





Шᅱջጒ᎔ʈ࿬ූؠ໵আ໩˔ޥᚿ঻෋˃ʿᗌ׆

࿽ੇڄ੤

Ӎ༵࡭൤ᝳ࿫আ໩ႎᄑ࠳ၼጅ዇ڄջጒ᎔ʈ࿬ූؠ໵আ໩˔ޥᚿ঻෋˃

ʿᗌ׆࿽ੇڄ੤é׆໳ ∗ ˔ЎദϷˀçූ໵আ໩ˉڄඥ࡭ϚӍ޴ ηi ᚿ঻ޥ

෋୕Άا᜼ࣔ୙˃୷༙é

Ϛ࿌ 9 ׆ൂ inputrangeone = 10çρ = 0.3çLinkage = 5çβ = 16çᝳ࿫

η3 ڈᇷుçЏइ̈́દߍᚿ঻෋ᒂޥ˃ η3 Ϛ୶ˉЎദϷະˀႩմ̧ЎദϷˀ

࿽é׆ʿᗌڄᚿ঻෋ޥ˔໵আ໩ූ޴᜼˃ʿψçЏၲશٜၳاᚿ঻෋Љޥڄ



Ί࿌ 10 ̣̈́દڈ (b) ࿌ ∗ ᆚඹ̍ڄ (a) ࿌˲݃Ϡéρ Џש˔Ӣ᜵আ໩޴

ᅬᛏڄЉҺ׷ጅ୊çϨس ρ ݃ʮçআ໩˔௤഻ڄЉҺ׷՜೸๡ۘݠçݭӵະ

ջጒනʈइç঻੯ᅬᛏڄআ໩˔޴ߖ֌ռջጒڄআ໩˔ڻۈ˃আ໩˔çݿݭ

՗আ໩˔๡෯ώؠʿӢ᜵бʴޥڄᚿٶ࿽ç̣׿๡୕ΆЏʿᗌ׆࿽˃ੇ੤é



഻ቈ

Ί̣ʕ࿧ᝀદڈçʿቈ ρ ߖᇷుࡩߍᚿ঻෋˃ᒂޥ˃˔щçූ໵আ໩޴

೷˯ʨࣔ୙çӢ᜵আ໩˔שЏᅬᛏڄЉҺ׷ጅ୊Փʿ๡ᅬᛏআ໩˔ᒂߍᇷ

ుéʛ̈́દڈ inputrangeone = 10, 20 इআ໩˔֌ջጒ୕Άޥᚿ˫ᏻ˃ࡴᆚ
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