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論文要旨

官官治doctoraJthesis inves匂atesthe propagation of ∞mp胎xknowledge-such as scientific 
resear凶 methodologles，aJgorilhms， etc.-repre田 nt凶 bythe number of scientific paper 
pubU関目0隠 eachyear. As investiga1ive t，∞恰， determlnistic di冒erentialequation models骨om
叩idemlol咽i回 If治附sareus剖.Epidemlol，咽Yis a weIl founded偽凶ofr，民治archir司9the spread of 
d陶笛田制hぉ b田 nsuccessfully appli凶 to回cklngepidemics， endemics， and pandemics. 

Epldemiologl国 Imodelsus同 differential町四百onshave matured over the 1笛 thaHcent町yin
flelds such as medlcine and blology. Viruses， parasites， and various kinds of ∞ntagion agents in a 
m巾:tyof∞mmunitles，cross-∞mmun均四∞:Inatlonadapt，凶， delay'凶 va倒 na百on個 mpaign，and 
m田 :ymorea町ibu恰shaveb側、re鈴 archi作品pth.A附10咽h胎 ad叩，tionof trackir噂information
diffusion with models from epidemiol咽ydates back to世砲 19敏治，廿19propaga:百onofmore∞mplex 
加国r:Jw刷 Igeiss百111隠凶ficienUyexplor，凶.Oneof甘19keychal抱咽esisめehuman factor，お
informa目on訟trar百feπ副官'omone indMdual to another with a highly∞mplex set of pro陣晦s.
Informatlon propaga首on-s∞hasrumor冨，expansion of 9(到:momicfields， opinion， emaD messages， 
W彼自『岡崎， and 的ell~令-hasb田n Sl以湾総fullymod曲d 凶『瑚∞mpar加en凶 models骨'om
m凶iCaIand biological叩idemiology.T同∞mpartrnen凶 models白紙have proven to be able to 
泊旅informationdiffusion areめeSIR(Sωceptible，Infective， Rぽ幻ver剖)and the SEIR 
(Sl胤却百ble，E将lOS8d，lnf:邸調ve，Recover，凶)mode除剖dslight variations廿渇『伺11.Inth蛤pa田t
甘19au加rs也市W肋 m叫eli時世19number of topic-relat，剖keywordpropagation in鉛 ie雌fic
pubDa蛸0陪'using旬、ege岡市SEIRmodeL lt is apparent that世喝甘創1Sferof加lOW胎匂ehasun均ue
charact園町副cstha世田n問:tbeexp刷間dbyge田ricepidemiology. Several個出aJlyextend剖
models are proJ)(ぉ剖卸叫也君北剖for世喝irperformanc渇to回投errepre鈎 nttheprop勾ationof 
加lOW除dge.

The propagation of knowl叡均erepresent剖 byscientific publ回.tIo陪hasbeen国汀iedout田 i喝
fourdata田，ts.官19目隠tda:抱setwith 138，303 papers wぉ ga'加 r剖 on世16lEEE Xplore D匂ital
Ubrary. lnformation wぉ a悶 Jmul鵡 da加 ut甘1Elp卸er捌e，a加首'act，authors， a情sations.year of 
publ回目。n，ar咽c陶目。n∞unt.This aJlow，凶fora detai恰dexploratory田aIYS陰口，fpropagation 
attrlbut時 andaddi首onaJr，∞m for refini咽 anyaJgorithms to同cktpe growth of paper numbers. 

官官鵠furt加rda泊曲:tswerea，伺凶『剖瞬時thehelp of online search eng耐鴎insidemajor 
sclen簡cpublic泡:tiondataba蹴.This aJlow凶 forextend剖 dataゃointsand 50me 0陶 rgathering of 
鑓 m副首cinformation Sl附 asαα謁刊ferencingthe au蜘r'saffilia'百on.Another advan匂，gewasthe
ability to eft，節目vely∞ndωtfull text searc悔swhich was previously prohlbited due to data size as 
wellぉ aα沼ssre坊Ictio隠 .0間口，ftheda'抱S拘 wasgather剖加mCINii， a search engine for 
academic infonnation and衛官C協 inJapana!抱wilhmoreth剖 15million 副c1es.Another data 
source was CNKI.NEJ:; Chi問、largestonli隅 da也baseof scholarly訓 cleswith a total of over 47 
miIson articles. T加 third釦 urcewas骨omScirus， a database of more than 60 million Engl愉
publi，曲目。間worldwide.

Froma鵠，tofpromi問 nt50刷 ceandengin飴 ringtextboo~， 39 in悩alkeywords--extended to槌
W愉 theScin慮、databa抱一計四Iinformation science ar叫er削除eringare凶凶toex創ninethe
su陶bilityofth陰approach.Many of the authors' publls同dpape隠， howeveい鵬aset offive 
keywords from Soft Compu百咽toensure∞mparability of the studies. The author wsl show治at
cat，句orizationof keywords into 町田釦urceda凶 as田 ispOlぉibleusing SEIR model par:訓 eters
g刈d陰cussthe Iimits and知山erexploratlon of epidemiolog回 1models. A modified SEIRE model 
ispropo鵠dto more robu剖Iytrack know刷 gepropagatlon in 50抱ntificpublica百ons.Two more 

mOdels， an SEIRK and an SEIREK model have also been proposed and were ∞mpared by 
問巾rmance，国usality，and ∞mplexity. 

As aclassifi関 lionand knowledge dis∞，veryproωss， aIl keywords were categoriz凶 using
parameter-wise k-means clustering. The classification has proven to be difficult due to the limited 
numberofda匂points，resulting in a limited number of keywords with sufficient a∞uracy.刊 is
knowledge dis∞verypr出掛∞uldhelp in determining relationsh肺 betw館 ntopiωthat have an 
evolutionary ∞nnection. 

As suggested by previo凶 research，diffusion of information is also infl田 nωdby cultural features. 
Using a classi百個目。npr，似泡sswilh k-means to be ab恰toassign a propagai百onfeature to a specific 
culture， the author田 alyz副首vekeywords肯'omSoft Computi咽 inthe thr自edatas拘ー心iNii，
CNKI.NET. ar叫Scirus.

Aslndi側副byth民 ethree data sets-・-CiNii，CNKI.Nξr. and Scir凶ーα』胤Jrehas an influence on 
knowledged陰甘ibutio札 Qualitai首veresearch of ICT adop目onin culturaJ部制ngsis叩 active目eld.
Qu剖飢副vemeaSlJres of know抱dgepropaga首on∞nn臥::t:剖to印刷aJse悩時s，however， are still 
infreqωnl From廿19Sc甘usdatabぉe，anewdata鵠，tw錨 bu枇W愉 32∞un甘y-affiliation，each with 
包 fie細sof knoWledge. us同 PrincipaJComponent Ana加is，如巾er加『由of凶加reand
knowledgewぉ inv，関目igated.

刊 eScirus database was aISO U!捨dto∞mpare世喝SEIRar叫SEIREmodel with regards to the甘
帥靴ientof determlna出n(剖阿国 R̂2)，加irBaslc Repr，叫雌veRate (凡.0)，ぉwellas加
residuals d幅削butionof甘19model冒ts.
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This doctoral thesis investigates the propagation of complex knoWledge-such as scientific 
research methodologies, algorithms, etc.-represented by the number of scientific paper 
pubncations each year. As investigative tools, deterministic differential equation models from 
epidemiological fields are Used. Epidemiology is a well founded field of researching the spread of 
diseases and has been successfully applied to tracking epidemics, endemics, and pandemics. 

Epidemiological models USing differential equations have matured over the last haH century in 
fields such as medicine and biology. Viruses, parasites, and various kinds of contagion agents in a 
Variety of communities, cross-communily. vaccination adapted, delayed vaccination campaign, and 
many more attributes have been research in-depth. Although the adoption of tracking information 
diffusion with models from epidemiology dates back to the 19605, the propagation of more complex 
knowledge Is still insufficienUy explored. One of the key challenges is the human factor, as 
information is transferred from one indMdual to another with a highly complex set of properties. 
Information propagation-such as rumors, expansion of economic fields, opinion, emaD messages, 
twitter news, and the like-has been successfully modeled using compartmental models from 
medical and biological epidemiology. The cOmpartmental models that have proven to be able to 
track Information diffusion are the SIR (Susceptible, Infective, Recovered) and the SEIR 
(Susceptible, Exposed, Infective, Recovered) models and slight variations thereof. In this paper, 
the autnor starts with modeling the number of topic-related keyword propagation in scientific 
pubDcations 'using the generic SEIR model It is apparent that the transfer of knowledge has unique 
characteristics that cannot be explained by generic epidemiology. Several causally extended 
models are proposed and tested for their performance to better represent the propagation of 
knowledge. 

The propagation of knowledge represented by scientific publications has been carried out using 
four data sets. The first data set with 138,303 papers was gathered on the IEEE Xplore Digital 
Ubrary. Information was accumulated about the paper title, abstract, authors, affiDations. year of 
publication, and citation count. This allowed for a detailed exploratory analysis of propagation 
attributes and additional room for refining any algorithms to track tpe growth of paper numbers. 

Three further data sets were acquired using the help of online search engines inside major 
scientific publication databases. This allowed for extended data-points and some other gathering of 
semantic information such as cross-referencing the autnor's affiliation. Another advantage was the 
ability to effectively conduct full text searches which was previously prohibited due to data size as 
well as access restrictions. One of the data sets was gathered from CINii, a search engine for 
academic information and articles in Japanese with more than 15 million articles. Another data 
source was CNKI.NEJ:; China's largest online database of scholarly articles with a total of over 47 
mimon articles. The third source was from Scirus, a database of more than 60 million English 
publicat!0ns worldwide. 

From a set of prominent science and engineering textbooks, 39 initial keywords--extended to 88 
with the Scirus, database-from information science and engineering are used to examine the 
suitability of this approaCh. Many of the authors' published papers, however, use a set of five 
keywords from Soft Computing to ensure comparability of the studies. The author wHl show that 
categorization of keywords into three source databases is possible using SEIR model parameters 
and discuss the limits and further exploration of epidemiological models. A modified SEIRE model 
is proposed to more robustly track knowledge propagation in scientific publications. Two more 

models, an SEIRK and an SEIREK model have also been proposed and were compared by 
performance, causality, and complexity. 

As a classification and knowledge discovery process, all keywords were categorized using 
parameter-wise k-means clustering. The classification has proven to be difficult due to the limited 
number of data points, resulting in a limited number of keywords with sufficient accuracy. This 
knowledge discovery process could help in determining relationships between topics that have an 
evolutionary connection. 

As suggested by previous research, diffusion of information is also influenced by cultural features. 
Using a classification process with k-means to be able to assign a propagation feature to a specific 
culture, the author analyzed five keywords from Soft Computing in the three data sets-CiNii, 
CNKI.NET, and Scirus. 

As Indicated by these three data sets-CiNii, CNKI.~ and Scirus--culture has an influence on 
knowledge distribution. Qualitative research of ICT adoption in cultural settings is an active field. 
Quantitative measures of knowledge propagation connected to cultural settings, however, are still 
infrequent. From the Scirus database, a new data set was built with 32 country-affiliation, each with 
22 fields of knowledge. Using Principal Component Analysis, further trends of culture and 
knowledge was investigated. 

The Scirus database was also used to compare the SEIR and SEIRE model with regards to their 
coefficient of determination (adjusted R1I2), their Basic Reproductive Rate (FLO), as well as the 
residuals distribution of the model fits. 
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要 旨

本論文は，知識の伝搬をモデル化する新しい数理モデルを提案するものであ

る.ここでは特に工学分野における論文のキーワードの伝搬と拡散の様子のモ

デノレ化を試みている.これにより，知識伝搬の特徴を明らかにするとともに，

知識伝搬の類型分類を試みている.

本論文では，この目的のために感染症の数理モデルを利用する.感染症数理

モデルは感受性保持者(S)と感染者(1)，回復者(R)もしくはこれらに加えて潜伏期

聞の者(E)のポピュレーションダイナミクスを微分方程式の形で記述したもので

ある.これらはSIRモデルやSEIRモデルと呼ばれ，感染症思者の増減といった振

る舞いを分析し，対策を検討するために利用されている.

感染症数理モデルは感染症以外のモデル化にも利用されており，これまでに

も物理学におけるアイデアの伝搬や，経済学における知識の伝搬，ツイッター

などネットワーク上のメッセージの伝搬や，噂の伝搬などの分析への感染症数

理モデJレの適用が試みられている.

本稔文は，これまでの感染症数理モデルの適用に関する非常に多くの文献調

査を行い，整理を試みている.その上で，それらで提案されたモデルが工学分

野における論文のキーワードの伝織と拡散のモデル化に利用できないことを示

し，新しい数理モデノレを提案している.

本論文で提案するのはSEIREモデルである.ここでsは論文のアイデアを保持
している者， Eはアイデアに基づいて実験を行うなどし，論文を書く者， 1は論

文を発表する者， Rは論文発表後にアイデアを暖めたりする者である.一般的な

認織としては当然だと思われるが，数理モデルとしては，論文をいったん書い

た者(R)が，論文を再び書く者(E)に変わるという点が新しいという.

SEIREモデルの妥当性を示すため，実際のデータを用いてフイッティングし

ている.ここでは， IEEE Xplore Digital Libraryから英語の論文約 14万点， CiNii 

から日本語の論文 1，500万点， CNKI.NETから中国語の論文4，700万点，さらに

Scirusから英語の論文6，000万点のそれぞれについて，論文題目や要約などに含

まれるキーワードを収集している.含まれる単一のキーワードについて，その

個数の年変化に一致するようにSEIREモデルのパラメータを決定する.

ソフトコンピューティングに関するキーワードについてフィッティングを行

い，得られたパラメータをK平均法でクラスタ化した結果 2つの特徴有るグル

ープが見つかったという. 1つは「ファジー論理Jや「主成分分析」などのグ

ループで，もう 1つは「ニューラルネットワーク Jや「遺伝的アルゴリズムJ

などのグループである.これらのグループ聞には，論文数の減少が始まってい

るか，依然として多くの論文が発表されているかという違いが見られるとい
う.

また，世界中の32カ国について，各国で発表された論文数について， SEIRE 

モデルでフィッテイングを行い，その結果得られたパラメータを分類してい

る.その結果，欧州の国々は記号や発見的手法に関する論文が多く，日本を除

くアジア各国はソフトコンピューテイング，日本はブラジルやカナダに近く分

析系の論文が多いという知見が得られたという.

本論文は 7章から構成されている.第 1章は研究の目的と背景，論文の構成
について書かれている.

第 2章は感染症数理モデルについて，第 3章は感染症数理モデルを用いた知

識伝搬のモデル化について，第 4章は文化の伝搬について，十分な量の既発行

の文献を参照しながら，関連研究の紹介と整理をし，本研究の位置づけについ

て説明を行っている.特に第 2章と第 3章では，非常に多くの文献に基づいて

感染症数理モデノレに関する研究を整理している.感染症数理モデルの関連研究

について，これだけの文献を整理した例は少ない.

第 5章は実験で利用するデータが紹介されており，第 6章で数理モデノレの紹

介と実験データを用いたフイティングの結果，考察が行われている.第 7章は

結論である.

論文全体を通して，感染症数理モデルを用いた知識伝搬のモデル化という本

研究の学術的な位置と新規性(第 1章~第 4章)とその有用性(第 6章)が丁
寧かっ明確に説明されている.

本論文の内容の一部rは 3件の国際論文誌に掲載されている.また 4件の査

読付き国際会議での口頭発表が行われており 4件の圏内会議での口頭発表と

あわせて計 11件の発表が行われている.全て情報分野に関する学術論文及び
学術会議である.

本論文は，工学分野の論文に含まれるキーワードの伝搬と拡散のモデル化の

試みについて著述されたものである.本研究は情報分野において学術的に価値

があるのみならず，国による論文テーマの違いという題材にも踏み込んでお

り，社会学や文化学など学際的な学術分j野にも少なからぬ貢献を行うものであ
る.

以上のような理由から，本審査委員会は，マルチュケ・モりツ氏に博士(学

術)の学位を得る資格があると判定する.
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