
ΤʔδΣϯτؒͷ௨৴ԆΛྀͨ͠ߟ

ޮతͳνʔϜฤख๏ͷఏҊ

सށቒ † ࣏ढ़ݪੁ †

†ૣҴాେֶװجཧڀݚֶՊใཧใ௨৴ઐ߈

1 ͡Ίʹ
ۙɼάϦουίϯϐϡʔςΟϯά IoTͳͲɼෳ
ͷػࢉܭੑ࣭͕ҟͳͬͨϦιʔεΛثػͭ࣋ɼ·
ͨͦͷ্Ͱಈ͢࡞ΔιϑτΣΞͷΈ߹ΘͤͰఏڙ
͞ΕΔαʔϏε͕͞Ε͍ͯΔɽ͜͏ͨ͠αʔϏε
ෳͷҟͳΔ෦తͳཁٻͰߏ͞Εɼͯ͢ͷཁ
ૉΛୡͯ͠ॳΊͯ 1ͭͷαʔϏεͱͯ͠ఏ͞ڙΕΔɽ
ͦͷͨΊɼαʔϏεͷߏཁૉશͯʹରͯ͠దͳػ
ͯ͠ҰͭͷαʔϏߏΛׂΓͯɼ͍ΘνʔϜΛث
εΛఏ͢ڙΔඞཁ͕͋Δ.
͜ͷΑ͏ͳνʔϜฤͷʹ͓͍ͯɼখ͞ͳ
దͳׂΓͯ࠷Ͱؒ࣌తͳ࣮ݱͰޚͳΒूத੍ڥ
Λ࣮ݱͰ͖Δɽ͔͠͠ɼࡏݱɼ·ͨকདྷͷωοτϫʔ
ΫͰఆ͞ΕΔΑ͏ͳେ͖ͳڥ [1]ʹͳΔͱɼूத
ؔతʹେࢦ͕ؒ࣌దղͷಋग़ʹ͔͔Δ࠷Ͱޚ੍
͖͘ͳΓ࣮ݱతͰͳ͍ɽͦ͜Ͱޚ੍ࢄʹΑΓݸʑ
ͷ͕ࣗثػతʹνʔϜฤΛ͍ߦλεΫΛॲཧ͢Δ
ඞཁ͕͋Δɽ͜ͷ՝ʹର͠ɼ[2]ͰλεΫෛՙ͕ಈ
తʹมΘΔڥʹ͓͍ͯɼ֤͕ࣗثػతʹదͳߦ
ಈΛֶशͯ͠νʔϜฤΛޮԽ͢Δख๏ΛఏҊͯ͠
͍Δɽ͔͠͠ɼ͜͜Ͱ௨৴Ԇྀ͞ߟΕ͍ͯͳ͍ɽ
ɼՄ͠ࡏͷΞϓϦέʔγϣϯʹ௨৴Ԇ͕ଘ࣮ݱ
Ͱ͋Εૣ͘௨৴Ͱ͖ΔൣғͰνʔϜΛΉํ͕༗ར
ͩͱ͑ߟΒΕΔɽͦ͜ͰຊڀݚͰ [2]ͷϞσϧΛ֦ு
͠ɼ௨৴ԆΛؚΊͨϞσϧΛఏҊ͠ɼͦͷڥԼͰ
ΛௐڹଘͷΞϧΰϦζϜ͕νʔϜฤʹ༩͑ΔӨط
ΔͱͱʹɼΑΓޮతͳνʔϜฤख๏ΛఏҊ͢Δɽ

2 ఏҊϞσϧ
2.1 ΤʔδΣϯτͱλεΫ
ΤʔδΣϯτͷू߹Λ A = {1ɼ...ɼn}ͱஔ͘ɽΤʔ
δΣϯτ i ∈ Aࣗͷॲཧྗʹ૬͢Δ pछྨͷ
Ϧιʔε Hi = {h1

iɼ...ɼh
p
i } Λͭ࣋ɽͨͩ͠ɼ∀i ∈ A

ʹରͯ͠
∑p

k=1 h
k
i > 0 ͱ͢Δ.·ͨɼiࣗͷׂ

ri = {x ∈ {Ϧʔμʔɼϝϯό }}Λࣗతʹܾఆ͢Δɽ
͜͜ͰɼϦʔμʔνʔϜฤΛɼϝϯόνʔϜʹ
Ճ͠λεΫΛॲཧ͢Δׂͱ͢Δɽࢀ
γεςϜʹҰఆؒ࣌͝ͱʹՃ͢ΔλεΫΛ T ͱද
͢ɽ T ͦΕΛߏ͢ΔαϒλεΫͷू߹ ST = {s1
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ɼ..ɽɼsm} Ͱߏ͞ΕΔɽ͜͜Ͱ, m λεΫ T ʹؚ
·ΕΔαϒλεΫͷΛද͢ɽ֤αϒλεΫ siॲཧ
͢ΔͨΊʹϦιʔεΛཁ͠ٻ, ͦͷϦιʔεΛ Rsi =
{r1si , ..., r

p
si}ͱ͔͘. λεΫ T ͯ͢ͷαϒλεΫ

s ∈ ST Λॲཧͨ͠ͱ͖ྃͱͳΔɽͦͷͨΊλεΫ T
ͷॲཧʹɼ֤αϒλεΫΛ୲͢ΔෳͷΤʔδΣ
ϯτ͔ΒͳΔνʔϜΛΉඞཁ͕͋Δɽ
λεΫ T ڥͰੜ͞ΕɼγεςϜʹ༻ҙ͞Εͨ

Ωϡʔ Q ʹՃ͞ΕΔɽΩϡʔͷαΠζ (େ࠷) Λ
qmaxͱද͠ɼͦͷΛ͑ͨͱ͖λεΫυϩοϓ͞
ΕΔɽຊϞσϧʹؒ࣌ࢄΛಋೖ͠ɼͦͷ୯ҐΛ tick
ͱݺͿɽ
ΤʔδΣϯτ iɼαϒλεΫ͕ཁ͢ٻΔϦιʔε

Λͭ࣋ͱ͖ɼͦΕΛॲཧͰ͖ΔɽαϒλεΫ͕ཁ͢ٻ
ΔϦιʔε൪߸Λ j ͱ͠ɼΤʔδΣϯτ i͕ͦΕΛॲ
ཧͰ͖Δͱ͢Δͱɼͦͷॲཧؒ࣌ ⌈Rj

s/ h
j
i ⌉ [ticks]

Ͱද͞ΕΔɽ

2.2 νʔϜฤ
λεΫ T Λ࣮͢ߦΔνʔϜΛ (G,М, T )ͱද͢ɽ͜

͜ͰɼGλεΫ T Λॲཧ͢ΔΤʔδΣϯτͷू߹Λ
ද͢ɽМׂΓͯؔͰ͋Γɼs ∈ ST Λ i ∈ Gʹׂ
ΓͯΔ͜ͱΛМ (s) = iͱද͢ɽͯ͢ͷαϒλε
Ϋ sʹ͍ͭͯΤʔδΣϯτͷׂΓ͕ͯͨྃ͠ͱ͖ɼ
νʔϜฤʹޭͨ͠ͱͯ͠λεΫΛॲཧͰ͖Δɽ
νʔϜฤ֤ΤʔδΣϯτׂ͕Λબ͢Δ͜ͱ

͔Β࢝·ΔɽϦʔμʔΛબͨ͠ΤʔδΣϯτΩϡʔ
Qͷઌ಄͔ΒλεΫΛऔΓग़͠ɼͦͷத͔ΒࣗͷϦ
ιʔεͰՄͳαϒλεΫ͕͋Εͦͷ͏ͪҰͭΛબ
ͿɽͨͬαϒλεΫͻͱͭʹ͖ͭ͋Δઓུʹ͖ͮج
R ∈ ZମͷΤʔδΣϯτΛબͼɼνʔϜࢀՃཁΛૹ৴
͠ɼฦ৴ΛͭɽͦͷޙɼࢀՃཁͷฦ৴Λ֬ೝ͠ɼड
ཧΛฦͨ͠ϝϯόΤʔδΣϯτͱࣗͷू߹ΛԾνʔ
Ϝ GP ͱ͢Δɽͦͯ͠ GP ͷதͰ࠶ͼ͋Δઓུʹͮج
ׂ͖ΓͯМΛܾఆ͠ɼׂΓͯΔΤʔδΣϯτΛG
ʹೖΕΔɽͯ͢ͷαϒλεΫʹׂ͍ͭͯΓ͕ܾͯ
ఆͨ͠ΒνʔϜͷཱͱΈͳ͠ɼi ∈ GʹνʔϜͷ
ཱ௨ͱͱʹαϒλεΫΛׂΓͯͦͷॲཧΛґཔ
͠ɼࣗαϒλεΫΛॲཧ͢ΔɽҰͭͰׂΓͯ
ෆՄͳαϒλεΫ͕͋ͬͨ߹νʔϜෆཱͱΈ
ͳ͠ɼi ∈ GP ʹෆཱ௨Λૹ৴͢Δɽ
ׂͱͯ͠ϝϯόΛબΜͩΤʔδΣϯτɼड৴ͨ͠

νʔϜࢀՃཁΛࢀর͠ɼఏҊख๏Ͱड़ΔઓུʹΑ
ΓࢀՃ͢ΔνʔϜΛܾΊɼͦͷࢀՃ͢ΔνʔϜͷϦʔ
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μʔʹࢀՃද໌Λ͍ߦɼͦΕҎ֎ͷϦʔμʔʹڋ൱
Λ͑Δɽͳ͓ɼ֤ΤʔδΣϯτ͕ಉ࣌ʹॴଐՄͳ
νʔϜ 1ͭͱ੍͢ݶΔɽ͜ͷͨΊλεΫॲཧதͷ
ΤʔδΣϯτɼࢀՃཁϝοηʔδʹର͠ɼڋ൱ͷ
ϝοηʔδΛग़͢ɽ

2.3 ௨৴Ԇ
νʔϜฤͷҰ࿈ͷྲྀΕʹ͓͍ͯɼ∀i ∈ Aͱͷϝο
ηʔδͷΓऔΓʹ௨৴ԆDi = {di1ɼ...ɼdin}Λઃ͚
Δɽͨͩ͠ɼdii = 0ɼ1 ≤ dij ≤ L (i ̸= j)ͱ͢ΔɽΤʔ
δΣϯτؒͷϝοηʔδͷΓऔΓʹҎԼͷ߲͕
֘͢Δɽ
1ɽϦʔμʔ͔ΒଞΤʔδΣϯτͷࢀՃཁ
2ɽϦʔμʔ͔ΒͷࢀՃཁʹର͢Δडཧ ൱ฦ৴ڋ·
3ɽϦʔμʔ͔Β i ∈ GͷνʔϜཱ௨
3’ɽϦʔμʔ͔Β j ∈ GP ͷνʔϜෆཱ௨
dii ͷɼiͱ j ͷڑʹґଘ͢Δ͕ɼ͜͜Ͱڑ
ͷఆׂٛѪ͢Δɽ

3 ఏҊख๏
[2]ͰɼҎԼͷ߲ΛΤʔδΣϯτֶ͕श͠ɼͦͷ
݁ՌνʔϜฤΛޮԽͰ͖Δ͜ͱΛࣔͨ͠ɽ
1ɽϦʔμʔ͔ϝϯόͷׂબ
2ɽiͷߦಈʹର͢Δ j ∈ A\{i}ͷڠௐՄੑ (৴པ)
3ɽϝϯό͕ࢀՃνʔϜΛબ͢Δઓུ
ຊڀݚͰɼϞσϧʹ௨৴ԆΛಋೖͨ͜͠ͱʹ
͍ɼ্هͷ߲ 2Λ֦ுͯ͠௨৴Ԇ͕ແࢹͰ͖ͳ͍
ڥࢄͰͷޮతͳνʔϜฤͷख๏ΛఏҊ͢Δ.

3.1 ؒ࣌௨৴ॴཁ࠷
ΤʔδΣϯτ͕ͭ࣋ύϥϝʔλͰ͋Δ࠷௨৴ॴཁ
MtiΛఆٛ͢Δɽi͕ؒ࣌ jʹฦ৴Λظ͢Δϝοηʔ
δΛૹ৴͔ͯ͠Βͦͷฦ৴Λड৴͢Δ·Ͱͷ؍ଌؒ࣌
Λ Ctͱ͢Δɽ͢ͳΘͪɼ͕ࣗϦʔμʔͳΒɼjʹࢀ
ՃཁΛૹ͔ͬͯΒ j ͷडཧ ·൱ฦ৴Λड৴͢Δڋ·
Ͱͷؒ࣌Ͱ͋ΓɼϝϯόͳΒɼj ʹडཧฦ৴Λૹͬͯ
͔Β j ͷνʔϜཱ ·ෆཱ௨Λड৴͢Δ·Ͱͷ࣌
ؒͰ͋ΔɽMti ΛҎԼͰߋ৽͢Δ.

Mti = min(MtiɼCt)

ैͬͯɼMtiఆͰ࠷͍ۙ૬खͱͷ௨৴ؒ࣌ͱͳΔɽ

3.2 ৴པߋ৽ํ๏
ΤʔδΣϯτ iΤʔδΣϯτ ∀j(∈ A\{i})ʹର͢
Δ৴པ cij Λͭ࣋ɽ৴པɼࣗͷߦಈʹରͯ͠
j͕ڠௐͯ͘͠ΕΔՄੑΛද͢ɽi͕ϦʔμʔͰ͋Δ
߹ɼνʔϜࢀՃཁΛૹΔΤʔδΣϯτΛܾఆ͢Δ
ΤʔδΣϯτΛ༏ઌ͢Δɽ·ͨɼi͍ߴɼ৴པͷʹࡍ
͕ϝϯόͰ͋Δ߹ɼ৴པͷ͍ߴϦʔμʔΛ༏ઌ͠
ͯडཧฦ৴Λฦ͢ɽcij Λ࣍ͷΑ͏ʹߋ৽͢Δɽ

cij = (1− α)× cij + α× δc

͜͜ͰɼαֶशͰ͋Γɼ0 < α(<< 1)ͷఆͰ͋
Δɽͳ͓ɼΤʔδΣϯτͷׂʹΑͬͯɼͦͷߋ৽λ

ਤ 1: λεΫॲཧͷൺֱ

Πϛϯάͱ δc ͕ҟͳΔɽ͕ࣗϦʔμʔͰ͋Δͱ͖ɼ
৽λΠϛϯάߋ j ͔ΒͷνʔϜࢀՃཁडཧ ൱ڋ·
ฦ৴ड৴࣌Ͱɼ

δc = Mti/Ct (डཧฦ৴)ɼ0 (൱ฦ৴ڋ)

Ͱߋ৽͢Δ. ·ͨɼ͕ࣗϝϯόͰ͋Δͱ͖ɼߋ৽λ
Πϛϯά j͔ΒͷνʔϜཱ ·ෆཱ௨ड৴࣌Ͱɼ

δc = 1 (ཱ௨)ɼcij × (1− Ct/Mti) (ෆཱ௨)

Ͱߋ৽͢Δɽ͜ΕʹΑΓɼϦʔμʔͱ͍ͯۙ͠Τʔ
δΣϯτΛ͘ߴධՁ͠ɼϝϯόͱͯࣗ͠Λ͘
ͨͤͨΤʔδΣϯτͷධՁΛԼ͛Δ.

4 ධՁ࣮ݧͱߟ
ຊڀݚͷ༗ޮੑΛࣔͨ͢Ίɼ[2]ͷख๏ (ҎԼɼطଘ

ख๏)ͱൺֱ͠ɼ࣮ݧΛͨͬߦɽ
ਤ 1ΑΓɼఏҊख๏Ͱطଘख๏ͱൺֱͯ͠λεΫ

ॲཧޮ্͕͕ͬͨ͜ͱ͕֬ೝͰ͖Δɽ͜Εɼ৴པ
ͷߋ৽ʹڑΛՃຯͨ͜͠ͱͰΑΓ͍ۙΤʔδΣϯ
τͱͷڠௐ͕ؔ݁ΕɼϝοηʔδͷΓऔΓ͕૬
ରతʹߴԽ͢Δ͜ͱͰɼؒ࣌ͰνʔϜฤ͕Ͱ͖
ΔΑ͏ʹͳͬͨͨΊͰ͋Δɽ

5 ݁
ຊڀݚͰɼଞͷΤʔδΣϯτͱͷ௨৴ॴཁؒ࣌Λ

ະͱ্ͨ͠ͰޮతͳνʔϜฤΛ࣮͢ݱΔख๏Λ
ఏҊͨ͠ɽ͜Ε [2]ͰఏҊͨ͠ΤʔδΣϯτͷࣗత
ͳֶशΛɼ௨৴Ԇ͕ແࢹͰ͖ͳ͍ڥʹద༻Ͱ͖Δ
Α͏ʹ֦ுͨ͠ͷͰ͋Δɽ࣮ݧʹΑͬͯɼطଘख๏
ͱൺఏҊख๏ͷํ͕νʔϜฤΛޮԽͰ͖ͨ͜ͱ
Λࣔͨ͠. ڥมಈ͢Δ͕ؒ࣌ɼλεΫͷॲཧޙࠓ
Λఆͯ͠νʔϜฤͷޮԽΛਤΔͱͱʹɼΤʔ
δΣϯτͷΛ૿ͨ͠େنͳڥʹରԠͤ͞Δɽ

ݙจߟࢀ
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