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Abstract To tackle problems emerging with the rapid growth in scale and complexity of information networks,
bio-inspired self-organization is considered one of promising design principle of a new generation network which is
scalable, robust, adaptive, and sustainable. However, since observable information of each component is uncertain
(incomplete, argue, and dynamic), the global optimality is not guaranteed. Therefore, we focus on mechanisms of
collective decision making in swarms where individuals make a correct decision on a macroscopic level as a result of
local interaction of individuals. In this paper, we take potential-based routing as an example of self-organizing con-
trol mechanisms and consider a mechanism inspired by collective decision making. Through simulation experiments,
we show the property of our proposed mechanism.
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1. ͸ ͡ Ί ʹ

Πϯλʔωοτ͸ࠓ΍ॏཁͳࣾձج൫ͱͳΓͭͭ͋Δɻಛʹ

ۙ೥͸ɺ਎ۙʹଘ͢ࡏΔ༷ʑͳʮϞϊʯʢεϚʔτϑΥϯɺࣗಈ

ंɺՈిͳͲʣΛ௨৴୺຤ͱͯ͠ར༻͢ΔʢInternet of Things;
IoTʣͷ֓೦ͷී͠ٴɺΑΓ֦͍ߴுੑɺదԠੑɺ଱ނোੑΛ༗
ͨ͠ੜ෺ͳͲʹݟΒΕΔࣗݾ૊৫Խͷݪཧʹͮ͘جϚϧνΤʔ

δΣϯτγεςϜ͕஫໨͞Ε͍ͯΔ [1, 2]ɻࣗݾ૊৫Խγες
Ϝͷػೳ͸ࣗ཯ಈ͢࡞ΔΤʔδΣϯτͷ૬࡞ޓ༻ͷ݁Ռͱͯ͠

૑ൃ͢ΔͨΊɺωοτϫʔΫݯࢿͷมಈ΍Τϯυ୺຤ͷҠಈͳ

Ͳͷ͞·͟·ͳڥ؀มԽʹ΋޼ΈʹదԠ͢ΔॊೈੑΛ࣋ͭ͜ͱ

͕ՄೳͱͳΔɻ

͔͠͠ͳ͕Βɺࣗݾ૊৫ܕγεςϜͷ࣮ӡ༻্ͷ໰୊΋͞࢒

Ε͍ͯΔɻࣗݾ૊৫ܕγεςϜʹ͓͍ͯ͸ɺΤʔδΣϯτಉ࢜

ͷہॴతͳ૬֦͍ߴ͕༺࡞ޓுੑɺదԠੑɺੑ݈ؤɺॊೈੑʹ

༩͢ΔҰํɺ֤ΤʔδΣϯτͷऔಘՄೳͳ৘ใ͸ɺੑೳ্ͷد

੍໿౳͔Βɺෆ࣮֬ʢෆ׬શɺᐆດɺ͔ͭಈతʣͳ΋ͷͱͳΓɺ

γεςϜશମͷ࠷దੑ͕อূ͞Εͣɺे෼ͳ੍ੑޚೳ͕ಘΒΕ

ͳ͍৔߹͕͋Δɻͦ͜ͰɺஶऀΒ͸ɺௗͳͲͷੜ෺ͷ܈Εʹ͓

͍ͯɺ֤ݸମͷ஌֮৘ใ͕ෆ࣮֬Ͱ͋Γͳ͕Βɺݸମಉ࢜ͷڠ

ௐʹΑΓ܈Εશମͱͯ͠ద੾ͳબ୒Λஂू͏ߦతͳߦಈબ୒ͷ

૊Έ࢓ [3–5]ʹண໨͠ɺωοτϫʔΫ੍ޚ΁ͱԠ༻͢Δɻ
ຊߘͰ͸ɺੜ෺ͷ܈Εʹ͓͚Δूஂతͳߦಈબ୒Λ਺ཧϞ

σϧԽͨ͠ Effective LeadershipϞσϧ [5]ʹண໨ͯ͠ɺࣗݾ
૊৫ޚ੍ܕ΁ͱԠ༻͢ΔɻEffective LeadershipϞσϧʹ͓͍
ͯ͸ɺݸମ͕Ϧʔμʔͱͯ͠ଞͷݸମΛݗҾ͢Δ໾ׂΛ࣋ͭ

informed individualͱɺۙྡͷݸମʹ௥ै͢Δ non-informed
individual ʹେผ͞ΕΔɻInformed individual ͸ɺݧܦ΍஌
ࣝɺ͋Δ͍͸͍ߴ஌֮ೳྗ͔Βɺଟ͘ͷɺ͋Δ͍͸ద੾ͳ৘ใ

Λ࣋ͪɺঢ়گʹԠͯ͡ద੾ͳબ୒Λ͜͏ߦͱ͕Ͱ͖ΔɻҰํɺ

non-informed individual ͸ɺ஌֮Մೳͳൣғʹଘ͢ࡏΔݸମ
ͷߦಈʹ௥ै͢ΔܗͰࣗ਎ͷߦಈબ୒Λ͏ߦɻ݁Ռͱͯ͠ɺݸ

ମؒͷہॴతͳ૬࡞ޓ༻ʹΑΓɺؒ઀తʹ non-individual ͕
informed individualʹ௥ਵ͠ɺ܈Εશମͱͯ͠ͷద੾ͳߦಈબ
୒͕ୡ੒͞ΕΔɻ֤ݸମ͕ߦಈબ୒Λࡍ͏ߦͷࣗ਎ͷ৘ใͷൺ

ॏͷ͞ߴ͸ “assertiveness"ɺͭ·Γࣗ਎ͷ৘ใʹର͢Δࣗ৴౓
߹ͱղऍ͞Ε [6]ɺinformed individual͸͍ߴ assertivenessΛ
༗͢ΔҰํͰɺnon-informed individualͷ assertiveness͸௿
͘ͳΔɻEffective Leadershipͷ࢓૊ΈΛࣗݾ૊৫Խ੍ޚ΁ͱ
Ԡ༻͢Δ͜ͱʹΑΓɺݸʑͷΤʔδΣϯτͷ؍ଌ৘ใ͕ෆ࣮֬

ͳڥ؀ԼͰ΋ɺہॴతͳڠௐΛհͯ͠ɺద੾ͳ৘ใΛ࣋ͭϊʔ

υʹ௥ैͯ͠γεςϜશମͱͯ͠ͷద੾ͳબ୒͕ୡ੒͞ΕΔͱ

ΒΕΔɻ͑ߟ

ຊߘͰ͸ɺແઢηϯαωοτϫʔΫΛର৅ͱͨ͠ܦ࿏੍ޚख

๏Ͱ͋ΔϙςϯγϟϧϧʔςΟϯά [7]Λର৅ͱͯ͠ɺEffective
LeadershipϞσϧΛԠ༻ͨ͠ख๏ΛఏҊ͢Δɻແઢηϯαωο
τϫʔΫͰ͸ɺݸʑͷϊʔυͷੑೳɺి ྗ໘Ͱͷ੍໿͕͘ڧɺࣗ

཯෼ܕࢄͷ੍ޚͷ༗༻౓͕͍ߴɻจݙ [7]Ͱ͸ɺϙςϯγϟϧ
ϧʔςΟϯάʹ֎෦ίϯτϩʔϥΛಋೖͯ͠ɺ֎෦ίϯτϩʔ

ϥ͕ωοτϫʔΫͷঢ়ଶΛ؍ଌɺ੍͢ޚΔ͜ͱʹΑΓɺσʔλ

ύέοτͷܦ࿏Λܾఆ͢Δϙςϯγϟϧ৔ߏஙͷڥ؀దԠ଎౓

ͷ্޲Λ࣮͍ͯ͠ݱΔɻ͔͠͠ͳ͕Βɺ֎෦ίϯτϩʔϥ͕ো

෼ͳωοτϫʔΫ৘ใΛेʹޚΑΓɺ੍ʹڹͷӨڥ΍֎෦؀֐

ಘΒΕͳ͍৔߹ɺ֎෦ίϯτϩʔϥ͔Β͕ޚ੍ͨͬޡೖྗ͞Εɺ

ద੾ͳϙςϯγϟϧ৔ͷߏங͕Ͱ͖ͳ͍ɻͦ͜ͰɺEffective

ਤ 1 ϙςϯγϟϧϧʔςΟϯάͷ֓೦ਤ

Leadership ϞσϧΛԠ༻͠ɺ͕ޚ੍ͨͬޡೖྗ͞ΕΔஹީΛ
ଌͨ͠ϊʔυ͕؍ leader nodeͱͯ͠ɺͦͷ৘ใΛہॴతͳ৘
ใަ׵Λհͯ͠ωοτϫʔΫ಺Ͱ֦ࢄɺڞ༗͠ɺద੾ͳ੍ޚೖ

ྗ͕༩͑ΒΕΔ·Ͱ੍ޚೖྗΛແ͢ࢹΔͱ͍͏બ୒Λޚ੍͏ߦ

ΛఏҊ͢ΔɻఏҊख๏ͷ༗༻ੑΛࣔͨ͢ΊʹɺγϛϡϨʔߏػ

γϣϯΛ௨ͯ͠ධՁΛ͏ߦɻຊߘͰ͸ɺಛʹϊʔυͷނো͕ੜ

ͱɺ֎෦ίϯτϩʔϥͷอ༗͢گͷɺωοτϫʔΫͷঢ়ࡍͨ͡

ΔωοτϫʔΫ৘ใͱͷᴥᴪʹΑΓੜ͡Δɺ੍ޚೖྗͷޡΓ΁

ͷରԠʹண໨͠ɺධՁΛ͏ߦɻ

ຊߘͷߏ੒͸ҎԼͷ௨ΓͰ͋Δɻ·ͣɺ2ষʹ͓͍ͯɺ୊ࡐ
ͱ͢ΔϙςϯγϟϧϧʔςΟϯάͱɺωοτϫʔΫ΁Ԡ༻Λߦ

͏ Effective Leadership Ϟσϧʹ͍ͭͯ঺հ͢Δɻͦͯ͠ɺ3
ষʹ͓͍ͯɺγϛϡϨʔγϣϯΛ௨ͯ͠ఏҊख๏ͷධՁͱධՁ

݁Ռͷ࡯ߟΛ͍ߦɺ4ষʹ͓͍ͯ݁࿦ͱޙࠓͷ՝୊ʹ͍ͭͯड़
΂Δɻ

2. ੜ෺ͷ܈Εͷߦಈબ୒ͷ࢓૊Έͷద༻

͜ͷষͰ͸ɺࣗݾ૊৫తͳܦ࿏੍ޚख๏Ͱ͋Δϙςϯγϟϧ

ϧʔςΟϯά [8–10] Λ୊ࡐͱͯ͠ɺੜ෺ͷ܈Εʹ͓͚Δߦಈબ
୒ͷϓϩηεΛωοτϫʔΫ੍ٕޚज़΁Ԡ༻ͨ͠ఏҊख๏ʹͭ

͍ͯઆ໌͢Δɻ2. 1અͰ͸ɺ୊ࡐͱ͢ΔϙςϯγϟϧϧʔςΟ
ϯάͷ֓ཁͱɺͦͷ֦ுͰ͋Δ֎෦ίϯτϩʔϥΛ༻͍ͨϙς

ϯγϟϧϧʔςΟϯά [7] ʹ͍ͭͯઆ໌Λ͏ߦɻ2. 2 અͰ͸ɺ
ੜ෺ͷ܈Εʹ͓͚Δूஂతߦಈબ୒ͷϞσϧͰ͋Δ Effective
LeadershipϞσϧ [5]ʹ͍ͭͯͷ֓ཁʹ͍ͭͯड़΂ɺ2. 3અͰ
Effective LeadershipϞσϧΛԠ༻ͨ͠ϊʔυͷҟৗݕ஌ख๏
ΛఏҊ͢Δɻ

2. 1 ϙςϯγϟϧϧʔςΟϯά

ϙςϯγϟϧϧʔςΟϯάͰ͸ɺ֤ϊʔυ͸ʮϙςϯγϟ

ϧʯͱݺ͹ΕΔεΧϥʔ஋Λอ͓࣋ͯ͠ΓɺҰൠతʹɺۃখ஋

ͷϙςϯγϟϧΛ࣋ͭγϯΫϊʔυ͔Βͷϗοϓ਺͕୹͍ϊʔ

υʹɺΑΓ௿͍ϙςϯγϟϧ͕ઃఆ͞ΕΔΑ͏ʹϙςϯγϟϧ

৔͕ߏங͞ΕΔɻͦͷͨΊɺࣗ਎ΑΓ௿͍ϙςϯγϟϧΛอ༗

͢Δྡ઀ϊʔυ΁σʔλύέοτΛૹ৴͢Δͱ͍͏୯७ͳϑΥ

ϫʔσΟϯάنଇʹΑΓɺσʔλύέοτ͕γϯΫϊʔυ΁ͱ

౸ୡ͢Δ͜ͱ͕ՄೳͰ͋Δʢਤ 1ʣɻ·ͨɺ֤ϊʔυͷϙςϯ
γϟϧ͸ɺϊʔυಉ࢜ͷہॴతͳ૬࡞ޓ༻ʹΑΓߋ৽͞ΕΔͨ

Ίɺϊʔυ਺ʹର֦͍ͯ͠ߴுੑΛ༗͢Δɻ

จݙ [11] Ͱ͸ɺϙςϯγϟϧͷߋ৽ʹ͋ͨͬͯɺ࣌ݱ఺ͷ
ϙςϯγϟϧ͚ͩͰͳ͘Ұ࣌఺લͷϙςϯγϟϧΛ༻͍Δ͜ͱ

ʹΑͬͯϙςϯγϟϧ৔ͷऩଋͷߴ଎ԽΛ͏ߦख๏ΛఏҊͯ͠

͍Δɻ͜ͷख๏Ͱ͸ɺϊʔυ i͸࣌ࠁ tʹ͓͚Δࣗ਎ͷϙςϯ

γϟϧ θi(t)Λࣜ ৽͢Δɻߋ͍ͯͮجʹ(1)

θi(t + 1) = (α + 1)θi(t) − αθi(t − 1)
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+ βσi

⎛

⎝
∑

k∈Nb(i)

{θk(t) − θi(t)} + fi(t)

⎞

⎠ (1)

͜͜ͰɺNb(i)͸ϊʔυ iͷྡ઀ϊʔυू߹Λද͢ɻα͸ɺϙ

ςϯγϟϧߋ৽࣌ʹ͓͚Δ࣌ݱ఺ͰͷϙςϯγϟϧͱҰ࣌఺લ

ͷϙςϯγϟϧͷॏΈΛܾఆ͢ΔύϥϝʔλͰ͋Δɻα͕େ͖

͍΄ͲҰ࣌఺લͷϙςϯγϟϧͷॏΈ͕େ͖͘ͳΓɺ֎ཚͷӨ

Λड͚ʹ͘͘ͳΔҰํͰऩଋ଎౓͕௿Լ͢Δɻβڹ ͸ྡ઀ϊʔ

υͷϙςϯγϟϧ͔Βड͚ΔӨڹͷେ͖͞Λܾఆ͢Δύϥϝʔ

λͰ͋Δɻจݙ [11] Ͱ͸ɺσi ͸ 1/|Nb(i)| ͱఆٛ͞Ε͍ͯΔ
͕ɺҰఆͷ৚݅ԼҎ֎Ͱ͸ϙςϯγϟϧ͕ൃͯ͠͠ࢄ·͏ͨ

ΊɺఏҊख๏Ͱ͸೚ҙͷϊʔυ i(i ∈ 1, 2, · · · , N) ʹରͯ͠ఆ
਺ σi = σ(0 < σ < 1) ͱ͍ͯ͠Δɻfi(t) ͸ɺ࣌ࠁ t ʹ͓͚Δ

ϊʔυ iʹର͢Δ֎෦͔ΒͷྲྀೖϑϩʔྔΛද͢ɻηϯαϊʔ

υʹ͓͍ͯ͸ɺϑϩʔྔ fi(t)͸ਖ਼ͷ஋ΛऔΓɺ֎෦͔Βྲྀೖ͢
ΔσʔλύέοτͷྔΛࣔ͢ɻҰํͰɺγϯΫϊʔυʹ͓͍ͯ

͸ɺϑϩʔྔ fi(t)͸ෛͷ஋ΛͱΓɺͦͷઈର஋͸γϯΫϊʔ
υ͕ड৴͢ΔσʔλύέοτͷྔΛࣔ͢ɻγϯΫϊʔυʹ͓͚

ΔϑϩʔྔΛద੾ʹઃఆ͢Δ͜ͱͰɺେҬతͳϑϩʔͷ෼͕ࢄ

ୡ੒͞ΕΔɻ۩ମతʹ͸ɺ֤γϯΫϊʔυͷϑϩʔྔ fi(t)Λ
ಉҰͷ஋ʹઃఆ͢Δ͜ͱͰɺ֤γϯΫϊʔυͷड৴͢Δσʔλ

ύέοτͷ਺͕ۉ౳ʹͳΔΑ͏ͳϙςϯγϟϧ৔Λߏங͢Δ͜

ͱ͕ՄೳͰ͋Δɻ

ҰํͰɺϙςϯγϟϧͷߋ৽͕ϘτϜΞοϓతʹߦΘΕΔ͜

ͱʹΑΓɺڥ؀มಈ࣌ʹϙςϯγϟϧͷߏ࠶ஙʹ࣌ؒΛཁ͢Δ

ͱ͍͏໰୊͕஌ΒΕ͍ͯΔɻจݙ [7]Ͱ͸ɺωοτϫʔΫͷҰ
෦ͷϊʔυͷϙςϯγϟϧΛ؍ଌɺશମͷϙςϯγϟϧͷڍಈ

Λਪఆ͠ɺ੍ޚೖྗΛϑΟʔυόοΫ͢Δ͜ͱͰɺڥ؀దԠ଎

౓Λ্ͤ͞޲Δख๏͕ఏҊ͞Ε͍ͯΔɻຊߘͰ͸ɺจݙ [7]Ͱ
ఏҊ͞Ε͍ͯΔ֎෦ίϯτϩʔϥʹͮ͘جϙςϯγϟϧϧʔ

ςΟϯάΛ୊ࡐͱͯ͠༻͍Δɻ

ख๏ [7]Ͱ͸ɺࣗݾ૊৫Խͷ௕ॴͰ͋Δ֦ுੑΛଛͳΘͳ͍
ͨΊɺҰ෦ͷϊʔυʹͷΈ੍ޚೖྗ͕ߦΘΕΔɻ࣌ࠁ tͰͷ੍

Λ௚઀ड͚Δϊʔυޚ nͷϙςϯγϟϧ θn(t)͸ɺࣜ (2), (3)
ΕΔɻ͞ࢉܭ͍ͯͮجʹ

θn(t) = (α + 1)θn(t − 1) − αθn(t − 2) + gn(t)

+ βσn

( ∑

k∈Nb(n)

{θk(t − 1) − θn(t − 1)}

+ fn(t − 1)
)

+ gn(t) (2)

gn(t) = βσn

( ∑

k∈Nb(n)

{θk(t − 1)θn(t − 1) + fn(t − 1)}
)

+ (α + 1)θn(t − 1) − αθn(t − 1) + µn(t) (3)

ࣜ (2)͸ɺࣜ (1)ͱಉ༷ͷपғͱͷڠௐʹͮ͘ج෦෼ͱɺࣜ (3)
ͷ gi(t)Ͱද͞ݱΕΔ֎෦ίϯτϩʔϥ͔Βͷ੍ޚೖྗʹΑΔ
෦෼͔ΒͳΔɻࣜ (3)͸ɺ࣮ࡍʹ֎෦ίϯτϩʔϥ͔ΒߦΘΕ
Δ੍ޚೖྗ µn(t) ʹΑͬͯɺϊʔυ n͕औΔ΂͖ϙςϯγϟϧ

ͷ஋ gn(t)Λද͍ͯ͠Δɻ੍ޚΛ௚઀ड͚ͳ͍ϊʔυͷϙςϯ
γϟϧ͸ࣜ ௐͷΈڠ৽͞ΕΔͨΊɺपғͱͷߋ͍ͯͮجʹ(1)
ʹΑͬͯϙςϯγϟϧ͕ߋ৽͞ΕΔ͕ɺྡ઀ϊʔυ͔Βؒ઀త

Λड͚͍ͯΔɻڹͷӨޚ੍ʹ

Ұํɺ֤ ϊʔυ i͸ɺࣗ ෼ͱྡ઀͍ͯ͠Δϊʔυͷϙςϯγϟ

ϧͷ৘ใʹ͍ͯͮجσʔλύέοτͷૹ৴ઌΛ֬཰తʹܾఆ͢

Δɻ࣌ࠁ tʹ͓͍ͯϊʔυ i͕ྡ઀ϊʔυ nΛσʔλύέοτ

ͷૹ৴ઌͱͯ͠બ୒͢Δ֬཰ pi→n(t)Λ࣍ࣜʹ΋ͱ͍ܾͮͯఆ
͢Δɻ

pi→n(t) =

{ θi(t)−θn(t)∑
j∈Nlow(i)

{θi(t)−θj (t)}
, if n ∈ Nlow(i)

0, otherwise
(4)

ࣜ (4)ʹ͓͚Δ Nlow(i)͸ϊʔυ iΑΓ΋ϙςϯγϟϧͷ௿͍

ϊʔυ iͷྡ઀ϊʔυͷू߹Λද͓ͯ͠Γɺϊʔυ iΑΓ΋খ

͍͞ϙςϯγϟϧΛ༗͠ɺ͔ͭϊʔυ iͱͷϙςϯγϟϧͷࠩ

͕େ͖͍ϊʔυ΄Ͳσʔλύέοτͷసૹઌͱͯ͠બ͹Ε΍͢

͘ͳ͍ͬͯΔɻ

2. 2 Effective LeadershipϞσϧ
ຊڀݚͰ͸ɺจݙ [5]ͰఏҊ͞Ε͍ͯΔੜ෺ͷ܈Εʹ͓͚Δߦ

ಈબ୒ͷ࢓૊ΈΛ਺ཧϞσϧԽͨ͠ Effective Leadership Ϟσ
ϧΛωοτϫʔΫ੍ٕޚज़΁ͱԠ༻͢ΔɻEffective Leadership
ϞσϧͰ͸ɺ஌֮Մೳͳൣғͷہॴతͳ৘ใͷΈΛ༻͍ͯपғ

ͷݸମͷߦಈʹ฿ͬͯߦಈ͢ΔݸମʢඇϦʔμʔݸମʣͱɺଞ

ͷݸମΑΓ΋ଟ͘ͷ৘ใΛอ༗͠ɺΑΓద੾ͳߦಈબ୒Λ͏ߦ

͜ͱ͕Ͱ͖ΔϦʔμʔݸମͷ 2छྨͷݸମʹΑͬͯ܈Ε͕ߏ੒
͞Ε͓ͯΓɺͦΕΒ͕ڠʹ͍ޓௐ͢Δ͜ͱͰ܈Εશମͱͯ͠ͷ

Ұ؏ͨ͠ߦಈબ୒Λୡ੒͍ͯ͠Δɻ

Effective Leadership ϞσϧͰ͸ɺ܈Εͷதͷ͋Δݸମ i͸

ࠁ࣌ tͰҐஔ ci(t)ɺํ޲ vi(t)ͷϕΫτϧΛ࣋ͪɺଞͷݸମͱ
ͷিಥΛආ͚ͭͭҰఆͷ଎͞ si ͰҠಈ͍ͯ͠Δɻଞͷݸମ͕ڑ

཭ αҎ಺ʹ͍Δ৔߹͸ɺিಥΛආ͚ΔͨΊࣜ ཭ڑͯͬैʹ(5)
αҎ಺ʹ͍Δݸମ͔Βڑ཭ΛऔΔΑ͏ʹਐ޲ํߦΛܾఆ͢Δɻ

di(t + ∆t) = −
∑

j∈Nb(i,α)\{i}

cj(t) − ci(t)
|cj(t) − ci(t)|

(5)

൒ܘ αҎ಺ʹଞͷݸମ͕ଘ͠ࡏͳ͍৔߹ʹ͸ɺඇϦʔμʔݸ

ମ͸ҎԼͷࣜʹ͍ͯͮج๬·͍͠ํ޲ϕΫτϧ di Λܾఆ͢Δɻ

di(t + ∆t) =
∑

j∈Nb(i,ρ)\{i}

cj(t) − ci(t)
|cj(t) − ci(t)|

+
∑

j∈Nb(i,ρ)

vj(t)
|vj(t)|

(6)

ࣜ (6)ʹ͓͚Δ ρ͸ݸମͷ஌֮ՄೳͳൣғΛද͓ͯ͠ΓɺNb(i, ρ)
Ͱϊʔυ i͔Β ρͷൣғʹ͋Δϊʔυͷू߹Λද͢ɻࣜ (6)ͷ
ୈ 1߲ͰۙྡͷϊʔυͱͷҐஔͷภࠩͷฏۉɺୈ 2߲Ͱۙྡͷ
ϊʔυͷਐ޲ํߦͷฏۉΛऔΓɺ྆ऀͷ࿨ΛऔΔ͜ͱͰۙྡͷ

Λଗ͑ͯ௥ਵ͍ͯ͘͠ɻ͖޲ମͱͷҐஔɺݸ

ҰํɺϦʔμʔݸମ͸໨ඪͱ͢Δਐ޲ํߦ gi ʹ͍ͭͯͷ৘

ใΛ༗͓ͯ͠Γɺ֤ϊʔυͰͷ໨ඪͷਐ޲ํߦ gi Λ༻͍ͯɺࣜ

޲ํߦ๬·͍͠ਐ͍ͯͮجʹ(7) d′
i ͷܾఆΛ͏ߦɻ

d′
i(t + ∆t) = d̂i(t + ∆t) + ω0gi

|d̂i(t + ∆t) + ω0gi|
(7)

d̂i(t)͸ di(t)ͷ୯ҐϕΫτϧͰ͋Γ d̂i(t + ∆t) = di(t+∆t)
|di(t+∆t)| Ͱ

ఆٛ͞ΕΔɻω0 ͸Ϧʔμʔݸମͷߦಈબ୒ʹ͓͚Δ໨ඪਐߦ

޲ํ gi ͷॏΈΛܾఆ͢ΔύϥϝʔλͰɺจݙ [6]ʹ͓͍ͯ͸ͦ
ͷݸମͷ “assertivenes” ʹ૬౰͢Δͱղऍ͞Ε͍ͯΔɻω0 ͷ

஋͕େ͖͍΄Ͳ໨ඪਐ޲ํߦ gi ͷӨ͕ڹେ͖͘ͳΓɺଞͷݸ

ମΛݗҾ͢Δ͘ڧ͕޲܏ͳΔɻ
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2. 3 ੜ෺ͷ܈Εͷ࢓૊ΈΛԠ༻ͨ͠ωοτϫʔΫ੍ޚख๏

ຊߘͰ͸ɺจݙ [7]ʹΑΔ֎෦ίϯτϩʔϥΛಋೖͨ͠ϙςϯ
γϟϧϧʔςΟϯάΛ୊ࡐͱ͠ɺωοτϫʔΫ੍ޚʹ Effective
Leadership ϞσϧΛԠ༻ͨ͠ωοτϫʔΫ੍ޚख๏ΛఏҊ͢
ΔɻఏҊख๏ʹ͓͍ͯɺ֎෦ίϯτϩʔϥ͔Β௚઀੍ޚΛड͚

ͳ͍ϊʔυͷϙςϯγϟϧ͸ɺख๏ [7]ͱಉ༷ʹɺࣜ (1)ʹΑͬ
ͯपғͱͷہॴతͳڠௐʹߋ͍ͯͮج৽͞ΕΔɻҰํɺ֎෦ί

ϯτϩʔϥ͔Β௚઀੍ޚΛड͚Δ੍ޚϊʔυ nʹରͯ͠͸ɺࣜ

(2) ͷ੍߲ޚʹॏΈ γn(t) Λ෇Ճ͠ɺࣜ (8) ৽Λߋ͍ͨͮجʹ
ɻ͏ߦ

θn(t) = (1 − γn(t))
{

(α + 1)θn(t − 1) − αθn(t − 2) + gn(t)

+ βσn

( ∑

k∈Nb(n)

{θk(t − 1) − θn(t − 1)}

+ fn(t − 1)
)}

+ γn(t)gn(t) (8)

γn(t)͸ ∀n, t (0 <= γn(t) <= 1)ͳΔ஋Ͱ͋Γɺपғͱͷہॴత
ͳڠௐʹରͯࣗ͠਎ͷड͚औ੍ͬͨޚೖྗΛͲͷఔ౓৴པ͢Δ

ͷ͔Λද͢஋Ͱ͋ΔͱղऍͰ͖Δɻγn(t)ͷ஋͕ 1ʹ͍ۙ΄Ͳ
ޚ৽͸֎෦ίϯτϩʔϥ͔Βͷ੍ߋϊʔυͷϙςϯγϟϧޚ੍

ೖྗΛॏͨ͠ࢹ΋ͷͱͳΓɺٯʹ γn(t)ͷ஋͕ 0ʹ͍ۙ΄Ͳ੍
৽͸ࣜߋϊʔυͷϙςϯγϟϧޚ (1) ʹ͍ۙपғΛॏͨ͠ࢹ΋
ͷʹͳΔɻ

ແઢηϯαʔωοτϫʔΫʹ͓͍ͯ͸ɺిݶ͕ݯࢿݯΒΕͯ

͍ΔͨΊɺϊʔυͷి஑੾Ε΍ނো͕૝ఆ͞ΕΔɻಛʹಥൃత

ͳނোʹΑͬͯϊʔυ͕ఀͨ͠ࢭ৔߹ɺҰൠʹނোϊʔυࣗ਎

Ͱࣗ෼͕ނোͨ͠ͱ͍͏͜ͱΛίϯτϩʔϥʹ఻͑ΔखஈΛ࣋

ͨͳ͍ͨΊɺίϯτϩʔϥ͕ޡʹޚ੍͏ߦΓ͕ੜ͡͏Δɻຊݚ

ͱ͍ͯ͠Δख๏ࡐͰ୊ڀ [7]Ͱ΋ɺ֎෦ίϯτϩʔϥ͕ϊʔυͷ
෦ίϯ֎ʹࡍ৽ͷߋো৘ใΛಘΒΕͳ͍৔߹ɺϙςϯγϟϧނ

τϩʔϥ͔Β੍ޚϊʔυʹରͯ͠ߦΘΕΔ੍ޚೖྗ͸ނোϊʔ

υ͕ಈ͍ͯ͠࡞Δ͜ͱΛલఏʹͨ͠··ͷ஋ͱͳΓɺ੍ͨͬޡ

Ͱ͸ɺϙςϯγϟϧ৔͕ߘΘΕͯ͠·͏͜ͱ͕͋Δɻຊߦ͕ޚ

͍͔ͯͬ޲ʹ૊৫తʹऩଋݾΘͳͯ͘΋Ώͬ͘Γͱࣗߦ͕ޚ੍

͘͜ͱΛར༻͠ɺߦ͕ޚ੍ͨͬޡΘΕ͍ͯΔ৔߹ʹࣜ (8)ͷ੍
ର͢Δ৴པ౓ʹ߲ޚ γn(t)Λখ͘͞ઃఆ͢Δ͜ͱʹΑΓɺωο
τϫʔΫ؅ཧऀ͕ϊʔυͷނোʹରԠ͢Δ·Ͱͷؒɺ੍ޡޚΓ

ͷӨڹΛܰ͢ݮΔɻ

োϊʔυ͔ΒૹΒΕͯނোϊʔυͱྡ઀͢ΔϊʔυͰ͸ɺނ

͖͍ͯͨύέοτ͕ނোٸޙʹಧ͔ͳ͘ͳΔͨΊɺड৴ύέο

τ਺ʹେ͖ͳมԽ͕͜ىΔɻ͜ΕΛར༻͢Δͱɺނোϊʔυͱ

ྡ઀͢ΔϊʔυͰ͸ଞͷϊʔυͱൺ΂ͯ༰қʹނোΛ൑அ͢Δ

͜ͱ͕Ͱ͖ΔɻҰํͰɺຊߘͰ͸σʔλύέοτ͸ෆఆظʹੜ

੒ɺૹ৴͞ΕΔ͜ͱΛ૝ఆ͍ͯ͠ΔͨΊɺނো͕͍ͯͬ͜ىͳ

ͯ͘΋ύέοτ͕ಧ͔ͳ͍ঢ়گ͸֬཰తʹ͜ىΓ͏Δɻͦ͜Ͱ

ຊߘͰ͸ɺ੍ޚϊʔυ͕ड͚Δ֎෦ίϯτϩʔϥ͔Βͷ੍ޚೖ

ྗʹର͢Δ৴པ౓Λɺނোϊʔυͱྡ઀͢Δϊʔυ͚ͩͰͳ͘

ωοτϫʔΫશମͰܾఆ͢Δ͜ͱʹΑͬͯɺނো͕͍ͯͬ͜ى

Δ͔Ͳ͏͔ΛΑΓਖ਼֬ʹ൑அ͢Δ͜ͱΛ໨͢ࢦɻ

ຊߘͰ͸ɺࣜ (9),(10)ʹΑͬͯϊʔυ nͷ࣋ͭ৴པ౓ͷࢦඪ

ͱͳΔ஋ Reliability_metrixΛ͑ߟΔɻ

Reliability_own = packetobserve

packetestimate
(9)

Reliability_metrixn = (1 − ω) 1
|Nb|

∑

i∈Nb

Reliability(i)

+ ωReliability_own (10)

packetobserve ͸࣮؍ʹࡍଌ͞Εͨύέοτ਺Ͱ͋Δɻ

packetestimate ͸֤ϊʔυ͕औΓѻ͏ͱਪఆ͞ΕΔύέοτ

਺Ͱ͋Γɺ֤ηϯαʔϊʔυͰσʔλύέοτ͕ੜ੒͞ΕΔස

౓ʹɺύέοτ਺Λ؍ଌͨ࣌ؒ͠ͷ௕͞Λ৐͢ࢉΔ͜ͱͰಘ

ΔɻNb ͸ϊʔυ nͷྡ઀ϊʔυͰ͋Γɺࣜ (10)ͷӈลୈ 1߲
Ͱपғͷ৴པ౓ (Reliability(i))Λฏ͍ͯ͠ۉΔɻୈ 2߲͸ࣜ
(9) Ͱ͞ࢉܭΕͨࣗ਎ͷ࣋ͭ৴པ౓ Reliability_own Ͱ͋Γɺ

Effective LeadershipϞσϧʹ͓͚Δ “assertiveness”Λද͢ ω

ʹΑͬͯॏΈ෇͚Λ͍ͯͬߦΔɻ

3. γϛϡϨʔγϣϯධՁ

Effective LeaderϞσϧΛԠ༻ͨ͠ఏҊख๏ͷ༗ޮੑΛࣔ͢
ͨΊʹɺϊʔυͷނো͕ൃੜͨ࣌͠ͷίϯτϩʔϥͷ੍ޚೖྗ

ʹର͢Δ৴པ౓߹ͷ൑ఆΛͨͬߦɻ

3. 1 ධ Ձ ؀ ڥ

ຊධՁͰ͸ɺ64ݸͷϊʔυʢ60ݸͷηϯαʔϊʔυͱ ݸ4
ͷηϯαʔϊʔυʣ͔ΒͳΔϥϯμϜҰ༷ͳωοτϫʔΫΛର

৅ͱ͍ͯͯͬ͠ߦΔɻ֎෦ίϯτϩʔϥ [7]͸ɺγϯΫϊʔυ
Λհͯ͠ɺωοτϫʔΫͷҰ෦ͷ৘ใͷऩू͠ɺ੍ޚೖྗͷܾ

ఆɺϑΟʔυόοΫΛ͍ͯͬߦΔɻ͔͠͠ͳ͕Βɺϊʔυͷނ

োʹΑΓɺωοτϫʔΫڥ؀ʹมԽ͕ੜͨ͡৔߹ɺ֎෦ίϯτ

ϩʔϥͷอ༗͢Δ৘ใͱ࣮ࡍͷঢ়گͱʹᴥᴪ͕ੜ͡ɺ੍ͨͬޡ

ங͞ߏೖྗ͕ϑΟʔυόοΫ͞Εɺద੾ͳϙςϯγϟϧ৔͕ޚ

Εͣɺσʔλύέοτͷૹ৴ʹࢧোΛདྷ͢৔߹͕͋ΔɻຊධՁ

Ͱ͸ɺఏҊख๏Λ༻͍ͯɺނোϊʔυʹྡ઀͠ɺ͍ͪૣ͘ނো

Λݕ஌ͨ͠ϊʔυΛ leader nodeͱ͠ɺہॴతͳڠௐʹΑͬͯ
৘ใΛؒ઀తʹڞ༗͢Δ͜ͱʹΑΓɺωοτϫʔΫશମͱͯ͠

֎෦ίϯτϩʔϥͷ੍ޚೖྗʹର͢Δ৴པ౓߹͕൑ఆՄೳͰ͋

Δ͜ͱΛࣔ͢ɻ

ຊධՁͰ͸ɺϊʔυͷނো͕ͳ͍ঢ়ଶ͔ΒγϛϡϨʔγϣϯ

։࢝ͯ͠Ұ୴҆ఆঢ়ଶʹऩଋͤ͞ɺγϛϡϨʔγϣϯ։͔࢝

Β 50,000secܦա࣌఺ʹ͓͍ͯɺର৅ωοτϫʔΫͷதͰ࠷΋
࣍਺͕͍ߴηϯαʔϊʔυΛނোͤͨ͞ޙͷڍಈʹ͍ͭͯධՁ

ΛͨͬߦɻఏҊख๏ʹ͓͍ͯɺނোͷൃੜ͕ݕ஌͞Ε͍ͯͳ͍

ঢ়ଶͰ͸શͯͷϊʔυʹ͓͍ͯɺࣗ਎ͷ؍ଌ৘ใʹର͢Δ৴༻

౓ʢassertivenessʣΛࣔ͢ ω ͕ 0.1ʹઃఆ͞ΕΔɻͭ·Γɺશ
ͯͷϊʔυͷ؍ଌ৘ใͷൺॏ͕౳͘͠ͳΔɻϊʔυނোൃੜ࣌

ʹɺނোϊʔυʹྡ઀͢Δϊʔυ͸ɺσʔλύέοτͷૹड৴

ঢ়͔گΒނোΛ൑ఆ͢Δͱͱ΋ʹɺࣗ਎ͷ؍ଌ৘ใʹର͢Δ

৴༻౓ ω Λ 0.9 ʹ૿Ճͤ͞ɺଞͷϊʔυΑΓ΋ࣗ਎ͷ؍ଌ৘
ใʹ͍ͯͮج൑அΛ޲܏͏ߦΛڧΊΔɻൺֱख๏ͱͯ͠ɺશͯ

ͷϊʔυʹ͓͍ͯࣗ਎ͷ؍ଌ৘ใʹର͢Δ৴པ౓ ω ͕౳͍͠

ʢ0.5ʣ৔߹ʹ͍ͭͯɺධՁΛ͍ߦɺassertivenessͷ͍ߴ leader
ͱ assertiveness ͷ௿͍ follower ͱ͕ڠௐͯ͠બ୒Λ͏ߦఏҊ
ख๏ͱͷҧ͍Λ໌Β͔ʹͨ͠ɻ

3. 2 γϛϡϨʔγϣϯ݁Ռ

10ສඵͷγϛϡϨʔγϣϯΛ݁ͨͬߦՌΛਤ 2,3ʹࣔ͢ɻਤ
2,3ͷԣ࣠͸γϛϡϨʔγϣϯ࣌ؒɺॎ࣠͸Reliability_metrix

Λද͍ͯ͠Δɻ͍ͣΕ΋ 5ສඵͷ࣌఺Ͱେ͖ͳτϥώοΫมಈ
ͱಉ࣌ʹϊʔυͷނোΛ͓ͯ͜͠ىΓɺ҆ఆঢ়ଶ͔Βมಈ͕ى

ͬͨ͋͜ͱͷৼΔ෣͍ʹେ͖ͳҧ͍͕ݟΒΕΔɻ

— 4 —
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ਤ 3 Δ৔߹ͷൺֱख๏͍ͯͬ͜ىো͕ނ

ਤ 4 Λ৴པ͢΂͖Ͱͳ͍ͱޚ੍ʹো࣌ނ

൑அͨ͠ϊʔυͷׂ߹ʹΑΔख๏ͷൺֱ

ൺֱख๏ʢਤ 3ʣͰ͸ɺࣜ (10)ʹ͓͚Δ ωͷ஋Λશͯͷϊʔυ

Ͱ౳͍͠஋ʹ͓ͯ͠Γɺࣗ ਎ͷ΋ͭReliability_metrixʹԠ͡

ͯཚߴԼ͍ͯ͠ΔɻͦΕʹର͠ఏҊख๏ʢਤ 2ʣͰ͸ɺނো͕ى
ͬͨ͜͜ͱΛݕ஌ͨ͠ނোϊʔυͱྡ઀͢ΔϊʔυʢLeaderʣ͕
ࣗ਎ͷ৴པ౓Λ௿Լͤ͞ɺपғͷϊʔυΛ Reliability_metrix

ͷ௿͍ํ΁ݗҾ͍ͯ͠Δ͜ͱ͕෼͔Δɻ

ਤ 4Ͱ͸ɺ࣮ݧతͳᮢ஋Λઃ͚ɺނো͕ͨͬ͜ى৔߹ʹ੍ޚ
ೖྗΛ৴པ͢΂͖͔Ͳ͏͔ͷ൑அΛ֤ϊʔυͰ͍ߦɺނোͯ͠

͍ΔͨΊ৴པ͢΂͖Ͱͳ͍ͱ൑அͨ͠ϊʔυͷׂ߹Λද͍ͯ͠

Δɻ͜ͷ݁Ռ͔Β΋ɺఏҊख๏͕ނো࣌ʹ৴པ౓Λ௿Լͤ͞Δ

͜ͱ͕Ͱ͖͍ͯΔ͜ͱ͕෼͔Δɻ

ਤ 5 γϛϡϨʔγϣϯʹ༻͍ͨτϙϩδʔ

4. ͓ Θ Γ ʹ

ωοτϫʔΫͷେن໛ԽɺෳࡶԽʹ൐͍ɺࣗݾ૊৫͕ޚ੍ܕ

஫໨ΛूΊ͍͍ͯΔҰํɺݸʑͷΤʔδΣϯτͷ؍ଌ৘ใͷෆ

࣮֬͞ʹ༝དྷ͢Δશମ࠷దੑͷ௿Լʹ͍ͭͯ͸े෼ͳߦ͕౼ݕ

ΘΕ͍ͯͳ͍ͷ͕ݱঢ়Ͱ͋ΔɻຊใࠂͰ͸ɺݸʑͷݸମ͕ෆ֬

࣮ͳ஌֮৘ใʹ͖ͮجͳ͕Β΋ɺہॴతͳڠௐΛհͯ͠ɺશମ

ͱͯ͠ద੾ͳߦಈͷબ୒Λ͍ͯͬߦΔੜ෺ͷ܈Εʹ͓͚Δूஂ

తͳߦಈબ୒ͷ࢓૊Έʹண໨ͯ͠ωοτϫʔΫ੍ޚ΁ͱԠ༻͠

ͨɻಛʹɻΑΓ༗༻ͳ৘ใΛ࣋ͭ leaderʹଞͷ follower͕௥ै
͢Δ͜ͱͰɺશମͱͯ͠ͷద੾ͳߦಈͷબ୒Λୡ੒͢Δ࢓૊Έ

Λ਺ཧϞσϧԽͨ͠ Effective Leadership Ϟσϧʹண໨ͯ͠ɺ
ϊʔυಉ࢜ͷہॴతͳ৘ใަ͍ͯͮجʹ׵ɺ֎෦ίϯτϩʔϥ

Λಋೖͨࣗ͠ݾ૊৫Խ੍ޚʹ͓͚Δ֎෦ίϯτϩʔϥͷ੍ޚೖ

ྗʹର͢Δ৴པ౓߹Λ൑ఆ͢Δ࢓૊ΈΛఏҊͨ͠ɻγϛϡϨʔ

γϣϯΛ௨ͯ͠ɺݸʑͷϊʔυ͕ෆ࣮֬ͳ৘ใʹ͖ͮجͳ͕Β

΋ɺڠʹ͍ޓௐ͢Δ͜ͱʹΑΓɺ֎෦ίϯτϩʔϥͷ੍ޚೖྗ

͕ద੾Ͱͳ͍৔߹ʹͦΕΛ൑ఆ͢Δ͜ͱ͕ՄೳͰ͋Δ͜ͱΛࣔ

ͨ͠ɻ

ͨ͠༺૊ΈΛԠ࢓ಈબ୒ͷߦͱͯ͠ɺूஂతͳڀݚͷޙࠓ

ωοτϫʔΫ੍ޚʹ͍ͭͯɺ࣮༻ੑɺ࣮ੑݱ΋౿·͑ͯٞ࿦Λ

ΊɺωοτϫʔΫγεςϜͷੑೳʹ͍ͭͯ΋ɺධ͍ͨͯͬ͘ߦ

Ձɺٞ࿦Λ͍͖͍ͨͯͬߦɻ

5. ँ ࣙ
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