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Ҿ༻ωοτϫʔΫͷಛ௃ʹؔ͢Δ࡯ߟ
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1 Web of science Ҿ༻ωοτϫʔΫ

ຊڀݚͷ໨త͸ Thomson ReutersࣾͷΦϯϥΠϯڀݚจݙσʔλϕʔε
Ͱ͋Δ Web of science (WoS) ͷ 2005 ೥͔Β 2014 ೥·Ͱͷ౷ܭɾ֬཰Χ
ςΰϦͷ 65,750ͷจݙͱ 189,321ͷҾ༻͔ؔ܎Βߏ੒͞ΕΔωοτϫʔ
Ϋߏ଄ͷཧղͰ͋Δ. ωοτϫʔΫ͸ (1) ֤จݙ͸ΑΓ͍ݹจݙΛҾ༻
͍ͯ͠Δ, (2) Ҿ༻͸3–5೥ޙʹूத͍ͯ͠Δ (ਤ 1), (3) ࠁ࣌ t ʹ͓͚Δ
఺਺ N(t) ͱࢬ਺ E(t) ʹ E(t) ∝ N(t)a (a ͸ີੑΛࣔ͢ఆ਺)͕੒Γཱ
ͭ (Densification Power Law [1], ਤ 2), ͳͲͱ͍ͬͨಛ௃Λ༗͢Δ.

ਤ 1: ೥͝ͱͷҾ༻਺ ਤ 2: ωοτϫʔΫͷ੒௕

2 ֬཰తΫϩωοΧʔάϥϑϞσϧ΁ͷ͋ͯ͸Ί

·ͣ͸ Kronecker productΛ༻͍ͨϥϯμϜάϥϑϞσϧ Stochastic Kro-
necker graph (SKG) [1] Λݕ౼ͨ͠. SKG [1] ͸গͳ͍ύϥϝʔλ ڊ)
େͳωοτϫʔΫͰ΋֓Ͷ 4 ͭͷύϥϝʔλͰදݱՄೳ) ઌڀݚߦͷ਺
஋࣮ݧͰ༷ʑͳෳ਺ͷ࣮ωοτϫʔΫ΁ͷ͋ͯ͸·Γͷྑ͞Λओுͯ͠
͍Δ. SKG Ϟσϧͷར༻͸ Leskovec Β͕։ൃ͍ͯ͠Δ SNAP (Stan-
ford Network Analysis Platform) (https://snap.stanford.edu/snap/
index.html) ͷ kronfit ͱkrongen Λ༻͍Δ.

SKG Ͱ͸ n ࣍ਖ਼ํྻߦͰ֤ཁૉ͕ [0, 1] ͷ࣮਺ΛऔΔॳظύϥϝʔ
λྻߦ Θ[0]Λೖྗͱ͠, Θ[0]ࣗ਎΁ͷ kճͷ Kronecker productΛద༻͠
ಘΒΕͨྻߦ Θ[k] ͷ֤ (i, j)–੒෼Λ, ࢬ (i, j) ͷੜ੒֬཰ʹରԠͤ͞Δ.

•ύϥϝʔλਪఆ kronfit͸࠷దԽ໰୊ argmaxΘP (G | Θ[k])͔ΒͳΔ
.Δ͍ͯ͠ݱ໬ਪఆʹΑΓ࣮࠷ ͷੜ੒֬཰Λಠཱͨ͠ϕϧψʔΠ֬ࢬ
཰ม਺ͱͯ͠ϞσϧԽ͠, ໬౓ؔ਺ΛҎԼͷΑ͏ʹఆٛ͞ΕΔ. ͜͜
Ͱ σ ͸఺ͷॱྻΛද͠, i ൪໨ͷཁૉ͸఺൪߸ σi ʹରԠ͢Δ.

P (G | Θ[k], σ) =
∏

(u,v)∈G
Θ[k][σu, σv]

∏

(u,v) ̸∈G
(1− Θ[k][σu, σv])

•ωοτϫʔΫੜ੒ krongen ͸ಘΒΕͨύϥϝʔλ Θ Λݩʹඞཁͳճ
਺෼ Kronecker productΛ৐ͨ͡ Θ[k] ͷ֤ (i, j)-੒෼Λࢬ (i, j)ͷੜ੒
֬཰ʹରԠͤ͞,֤ࢬΛಠཱʹධՁͯ͠ੜ੒͢Δ͔Ͳ͏͔Λܾఆ͢Δ.

ਤ 3͸ WoS Ҿ༻ωοτϫʔΫΛΫϩωοΧʔάϥϑ΁͋ͯ͸Ί, ਪ
ఆ͞Εͨॳ͔ྻߦظΒੜ੒ͨ͠ωοτϫʔΫͱݩͷωοτϫʔΫߏ଄ͱ
Λάϥϑಛ௃ྔʹΑΔൺֱͰ͋Δ. ༻͍ͨ3छྨͷॳظύϥϝʔλྻߦ

(a)

(
0.7 0.4
0.4 0.5

)
, (b)

(
0.8 0.5
0.4 0.3

)
, (c)

(
0.9 0.4
0.3 0.4

)
͸ҟͳΔॳظύϥϝʔλΛ

༩͑ͯ20ճͷ kronfit Λ࣮͠ࢪ, యܕతͳύλʔϯΛબग़ͨ͠. ·ͨର
৅ͷن໛ʹͳΔΑ͏ʹ Kronecker product Λ17ճద༻͍ͯ͠Δ. ݁ՌΑ
Γ Out-degree, Hop plot, Scree plot, Network plotʹ͓͍ͯ͸ൺֱత͋ͯ͸
·Γͷྑ͞Λ֬ೝͰ͖ͨ΋ͷͷ, In-degree, Triangle participation ʹ͓͍
ͯ͸վળͷ༨஍͕͋Δ͜ͱ͕֬ೝͰ͖Δ. (b) ͱ (c) ͳͲ, ҟͳΔॳظύ
ϥϝʔλʹΑΓҟͳΔਪఆ஋Λಘͨ΋ͷͷಛ௃ྔͷྨ͍͜ߴ͕ੑࣅͱ͔
Β, গͳ͍ύϥϝʔλͰද͢ݱΔ͜ͱʹ͸੍͕͋ݶΔͱ͑ߟΒΕΔ. ·
ͨઌڀݚߦͰߦΘΕͨ ΤωϧΪʔ෺ཧ෼໺ͷ࿦จҾ༻ωοτϫʔΫߴ
΁ͷূݕʹؔͯ͠,ຊڀݚͰͷ௥࣮ݧ͸WoSҾ༻ωοτϫʔΫͱಉ༷ʹ
ྑ͍͋ͯ͸·Γͱ͸͍͕͍݁ͨݴՌͰ͋ͬͨ.

ਤ 3: ॳ͝ྻߦظͱͷάϥϑͷωοτϫʔΫಛ௃ྔ

3 த৺ੑࢦඪͷ࣌ྻܥมԽ

Ϟσϧͷ͋ͯ͸·ΓΛධՁ͢ΔͨΊʹ, యܕతͳάϥϑಛ௃ྔͰ͋Δத
৺ੑࢦඪΛ༻͍ͨ࣌ؒมԽ͝ͱͷߏ଄มԽʹؔ͢ΔূݕΛਐΊͨ. จݙ
ʹରԠ͢ΔωοτϫʔΫ্ͷ֤఺ʹ͸ެ։೥͕༩͑ΒΕ͓ͯΓ, Gt =
(Vt, Et) Λ t ೥·ͰͷҾ༻͔ؔ܎ΒͳΔωοτϫʔΫߏ଄Λநग़͢Δ͜
ͱ͕ՄೳͰ͋Δ. ͜ͷͱ͖࣌఺ t ͷ఺ v ∈ Vt ͷഔհத৺ੑBCt(v) =

1

(|Vt|− 1)(|Vt|− 2)/2

∑

s,t∈Vt

σ(s, t | v)
σ(s, t)

ͷ࣌ؒมԽΛ͑ߟΔ (σ(s, t) ͸ s–t

ؒͷ࠷୹࿏਺, σ(s, t | v) ͸s–t ؒͷ࠷୹࿏ͷ͏ͪ v Λ௨Δ਺).
ਤ 4 ͸࣌఺ t Λ 2005, 2006, ..., 2014 ͱਪҠͨ͠Ҿ༻ωοτϫʔΫ

G2005, G2005, ..., G2014 ্ͷഔհத৺ੑ BCt(v), v ∈ Vt Λ, 2005೥ʹൃ
ද͞Εͨ࿦จʹண໨ͯ͠యܕతͳมԽ͝ͱʹϓϩοτͨ݁͠ՌͰ͋Δ.
Ϋϥελ 1 ͸ഔհத৺ੑͷมԽ͕ͳ͍, Ϋϥελ 2, 3 ͸্ঢ޲܏΋͠
͘͸ͦͷޙҰఆ஋Λอ࣋, Ϋϥελ 4, 6 ͸্ঢޙͷԼ߱Λ֬ೝͰ͖Δ.

ਤ 4: ॳ͝ྻߦظͱͷάϥϑͷωοτϫʔΫಛ௃ྔ

4 ·ͱΊ

2. ͷ݁ՌΑΓ SKG ͸ඞͣ͠΋͋ͯ͸·Γ͕ྑ͍ͱ͸͍͑ͳ͍͕, ͦ΋
ͦ΋جຊͳωοτϫʔΫಛ௃ྔͰ͸ωοτϫʔΫͷ͋ͯ͸·ΓͷධՁΛ
.ͱ͸೉͍͠ͱ΋͍͑Δ͜͏ߦ ͦ͜Ͱ 3. ͷΑ͏ʹ, ֤఺ʹର͢Δಛ௃ྔ
ͷධՁΛ͢ࢪ࣮ͯࣼ͠܏ΔͨΊʹ, ಉ༷ͷಛ௃Λ࣋ͭϊʔυू߹ (Ϋϥ
ελ)͝ͱʹධՁΛ࣮͢ࢪΔ͜ͱΛݕ౼͍ͯ͠Δ. ͳ͓,ഔհத৺ੑ͸ૄ
ີͰఆٛ͞ΕΔίϛϡχςΟؒʹͭͳ͙఺ΛॏཁͱධՁ͢ΔࢦඪͰ͋Γ,
Ҿ༻ωοτϫʔΫ্ͷίϛϡχςΟ (จूݙ߹)Λ͋ΔτϐοΫͱԾఆ͢
Δͱ, ಉ༷ͷ࣌ྻܥมԽΛ͢Δϊʔυ͸τϐοΫؒΛͭͳ͙ಉ༷ͷ໾ׂ
Λ୲͍ͬͯΔͱ͑ߟΔ͜ͱ͕Ͱ͖Δ. Ҿ͖ଓ͖, Ҿ༻ωοτϫʔΫͷߏ
଄Λ໌Β͔ʹ͢Δख๏ʹ͍ͭͯ୳͢ࡧΔ༧ఆͰ͋Δ.
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