




 ....................................................................................................................... 1 

1.1  .................................................................................................................. 1 

1.2  .................................................................................................................. 1 

 ....................................................................................... 5 

2.1 2013  ................................... 5 

2.2 .................................................................... 9 

2.2.1  ........................................................................................................... 9 

2.2.2  ................................................................................................. 9 

2.3  ................................................... 10 

2.3.1  ......................................................................................................... 10 

2.3.2  ............................................................................................... 10 

2.4  .................... 11 

2.4.1  .......................................................................................................... 11 

2.4.2  ............................................................................................... 12 

 ............................................................ 15 

3.1 .................................................................................................................... 15 

3.2  ................................................................................ 16 

3.2.1  .................................................................................................................... 16 

3.2.2  ................................................................................................................. 17 

3.2.3  ................................................................................................................. 17 

3.2.4  ....................................................... 18 

3.3 .................................................................................................................... 19 

3.3.1  ......................................................................................................... 19 

3.3.2  .................................................................................................................... 19 

3.3.3  ...................................................................................................... 20 

3.3.4  ......................................................................... 20 

3.3.5  ........................................................................................ 22 

3.3.6  ......................................................................................................... 24 

3.3.7  .................................................................................................................... 24 

3.4 .................................................................................................................... 25 

 ................................................. 27 

4.1 .................................................................................................................... 27 

4.2  .............................................................................................. 28 



4.3  ....................................................................................................................... 30 

4.3.1  ............................................................... 30 

4.3.2  .................................................................. 31 

4.3.3  ........................................................................................... 32 

4.4  .................................................................................................................... 32 

4.4.1  .................................................................................................. 32

4.4.2  .................................................................................................................... 33 

4.5  .................................................................................................................... 42 

 ................. 45 

5.1  .................................................................................................................... 45 

5.2  ................................................................................................................ 45 

5.2.1  ...................................................................... 45 

5.2.2  ............................................................... 46 

5.2.3  ........................................................................................ 46 

5.3  ....................................................................................................................... 47 

5.3.1  ............................................................................................... 47 

5.3.2  ...................................................................... 49 

5.4  .................................................................................................................... 50 

5.4.1  ............................................................................................... 50 

5.4.2  ...................................................................................................... 51 

5.4.3  ............................................................... 53 

5.4.4  ............................................................................. 64 

5.5  .................................................................................................................... 66 

 ..................................................................................................................... 69 

6.1  ............................................................................................................ 69 

6.2  .................................................................................................. 69

6.3  ................................................................................................................ 71 

 ................................................................................................................................... 73 

 ................................................................................................................................... 75 



1.1
2011

2012

1)  

2)

3

1.2



3)

4)

1)



1995

1) , 2012. : 2018 12 15

, : http://www.zisin.jp/publications/pdf/SSJplan2012.pdf 

2)

, 2013. : 2018 12 15 , : 

http://www.mext.go.jp/b_menu/shingi/gijyutu/gijyutu0/toushin/1331453.htm 

3) BCP , 2018. 

: 2018 12 15 , : https://www.tdb.co.jp/report/watching/press/pdf/p180603.pdf 

4) , 

44 , 2018. : 2018 12 15 ,  

: https://www.cas.go.jp/jp/seisaku/resilience/dai44/siryo2.pdf 

  





2.1 2013

1)

A B C A B A C



A B C

A B C D E F

D E F

A F

A B C E F D

A F

rewiring



B E b e C D

c d

b e B E c

d C D

1)

1)



[1] 

[2] 

[3] [1][2]

[1][2] [1][2]



2.2

2.2.1

2) 11)

12) 13) 14)

15) 16) Charles 

et al.17)

Nooy et al.18) 19) Uzzi and Spiro20)

Considine et al.21) Tett22) Zolli and Healy23)

2.2.2



  

2.3

2.3.1

Tett22) Zolli and Healy23)

24)

25)

26)

27)

SOM (Self-Organizing Map) 

2.3.2
27)



28) 33)

2.4

2.4.1

(1)

(2)

37)

(3)
38)

39)

2

(4)
40)

41)



7

42)

2.4.2

1)

, 2013. : 2018 12 15 , : 

http://www.mext.go.jp/b_menu/shingi/gijyutu/gijyutu0/toushin/1331453.htm 

2) Hagedoorn, J., Link, A. N. and Vonortas, N. S.: Research Partnership, Research Policy 29, 567-586, 

2000. 

3) Hagedoorn, J.: Inter-Firm R&D Partnerships: An Overview of Major Trends and Patterns since 

1960, Research Policy 31, 477-492, 2002. 

4) Powell, W. W. and Grodal, S.: Networks of Innovators, Oxford Handbook of Innovation, J. 

Fagerberg, D. C. Mowery and R. R. Nelson (Eds.), Oxford University Press, 2005. 

5) Powell, W. W., White, D. R., Koput, K. W. and Owen-Smith, J.: Network Dynamics and Field 

Evolution: The Growth of Interorganizational Collaboration in the Life Science, American Journal 

of Sociology 110(4), 1132-1205, 2005. 

6) Owen-Smith, J., Riccaboni, M., Pammolli, F. and Powell, W. W.: A Comparison of U.S. and 

European University-Industry Relations in the Life Sciences, Management Science 48(1), 24-43, 

2002. 

7) Owen-Smith, J. and Powell, W. W. : Knowledge Networks as Channels and Conduit: The Effects 

of Spillovers in the Boston Biotechnology Community, Organization Science 15(1), 5−21, 2004. 

8) Soh, P-H. and Roberts, E. B.: Networks of Innovators: A Longitudinal Perspective, Research Policy 

32, 1569-1588, 2003. 



9) ,  8

2003. 

10) 2007. 

11)

29, 118-131, 2014. 

12)

557, 4-6, 2006. 

13) 105, 56-59, 

2008. 

14) 39, 6, 10-18, 2007. 

15) 2012. 

16) − − 7, 21-47, 2010. 

17) Charles, D., Kitagawa F. and Uyarra, E.: Universities in Crisis? -New Challenges and Strategies in 

Two English City-regions, Cambridge Journal of Regions, Economy and Society 7, 327-384, 2014. 

18) Nooy, W. D., Mrvar, A. and Batagelj V.: Exploratory Social Network Analysis with Pajek, 

Cambridge University Press, 2005. Pajek

, 2009.

19) 2003. 

20) Uzzi, B., and Spiro, J.: Collaboration and Creativity: The Small World Problem, American Journal 

of Sociology 111(2), 447-504, 2005. 

21) Considine, M., Lewis, J. and Alexander, D.: Networks, Innovation and Public Policy: Politicians, 

Bureaucrats and Pathways to Change inside Government, Palgrave Macmillan, 2009. 

22) Tett, G.: The Silo Effect: The Peril of Expertise and the Promise of Breaking Down Barriers, Simon 

& Schuster, 2015. 2016.

23) Zolli, A. and Healy, A. M.: Resilience: Why Things Bounce Back, Free Press,2012.

2013.

24) 2015. 

25)

F6 69, I_115-I_120, 

2013. 

26)

F5

67, 116-129, 2011. 

27) SOM

, 271-286, 

2012. 

28)

PDS 40, 2, CD-ROM, 2009. 



29)

80, 708, 361-368, 2015. 

30)

47, 3, 793-798, 2012. 

31)

G68, 6, 411-

418, 2012. 

32)

46, 3, 1039-1044, 2011. 

33)

50, I_351, 1, 28-36, 2015. 

34)

Indoor Environment, 15, 2, 181-188, 2012. 

35)

55(4), 478-486, 2009. 

36) 2015

188-191, 2015. 

37)

27, 1, 23-42, 2017. 

38)

JST

52, 10, 601-609, 2009. 

39)

12, 12-22, 2015. 

40)

 (CD-ROM) 7, 2009. 

41)

19, 1-11, 2013. 

42)

31-4, 305-315, 2013. 



3.1
1.2

2013 1)

5

4 30

5 5,173 1,026 2,317

5

2)



3.2

3.2.1

A

i, j aij = 1 aij = 0

A #(A)=ΣiΣjaij n G

d(G) m m = #(A)/2

2/)1(
)(

−
=

nn
mGd (3.1) 



3.2.2

i j j k

i k (transitive)

A 2 1 1 0 A2

i, j j, k A2 (j,k) 1

G Tran(G)

A2*A A2 A

)(#
)*(#)( 2

2

A
AAGTran = (3.2) 

3.2.3

(centrality)

(1) 

i (i = 1,2,…,n) Cd(i) deg(i) i

n−1

1
)(g)(

−
=

n
ideiC d (3.3) 

(2) 

1

i Cc(i) s(i) i



n−1

1

)(
1)(

is
niCc

−= (3.4) 

(3) 

i BC(i) i Cb(i)

21

)()(
C
iBCiC

n
b

−
= (3.5) 

(3.3) (3.5)

(3.6) (3.8) i*

G Cd' Cb'

(3.3), (3.5)

)2)(1(

)](')('[
)( 1

*

−−

−
= =

nn

iCiC
GC

n

i
dd

d
(3.6) 

)32/()2)(1(

)]()([
)( 1

*

−−−

−
= =

nnn

iCiC
GC

n

i
cc

c
(3.7) 

)2()1(

)](')('[2
)( 2

1

*

−−

−
= =

nn

iCiC
GC

n

i
bb

b
(3.8) 

3.2.4



 (3.1), (3.2) (3.1), (3.2)

3.3

3.3.1

4 A, B, C, D

A

B

C

B

D

3.3.2

1

2

3

1 A B

2 C D



3 A

3.3.3

A D 95

2

95

8

 A B C D 

 51  28  29  22

39  23  25  19

x

z

3.3.4

A>B>C>D B C



A>(B, C)>D

1

D>B>C>Α

D >(B, C)>Α

A

18 5 2 3 0 2 12 

25.44 

(.499) 

19 8 3 5 0 7 23 

20 13 2 7 4 5 31 

21 21 1 2 3 5 32 

22 14 2 1 3 8 28 

23 17 1 3 3 7 31 

24 10 1 4 3 7 25 

25 7 2 2 2 4 17 

26 6 6 3 5 10 30 

B

20 6 1 2 1 5 15 

17.14 

(.612) 

21 9 1 3 0 6 19 

22 7 1 6 2 6 22 

23 4 1 5 0 9 19 

24 4 1 6 0 5 16 

25 3 4 4 0 8 19 

26 4 1 3 1 1 10 

C

24 4 2 4 0 4 14 
17.00 

(.596) 
25 6 4 3 0 6 19 

26 6 5 3 0 4 18 

D

22 3 2 4 2 5 16 

15.80 

(.718) 

23 6 1 2 1 8 18 

24 7 1 3 1 7 19 

25 10 4 4 0 2 20 

26 2 0 4 0 0 6 
)



3.3.5

Pajek

  

A

B



C

D



3.3.6

3.3.4 A>B>C>D

>( , >

>B>C>A  >( , >Α

A 0.30 0.32 382 764 0.54 0.56 0.15 

B 0.38 0.43 143 276 0.31 0.32 0.14 

C 0.31 0.42 125 246 0.40 0.50 0.34 

D 0.39 0.42 90 178 0.25 0.26 0.09 

(3.1), (3.2)

3.3.7

3

1) 



A, B

A

2) 

3) 

4) 

3.4

1)

, 2013. : 2018 12 15 , : 



http://www.mext.go.jp/b_menu/shingi/gijyutu/gijyutu0/toushin/1331453.htm 

2) : 2012. 



4.1

1)2)

3)



4.2

BOW (bag-of-words)

BOW
4)

k (1 ≤ k ≤ K) d θd = ( d1, …, dK) 

dk = p(k| d) d k

1
1

=
=

dk

K

k
θ (4.1) 

d d zdn 

zdn 

φ = (φ1, …, φK) φk = (φk1 ,…, φkV)

k v

=

=
V

v 1
kv 1φ (4.2) 

d wd

∏ ∏
= = ==

===Φ
d d

dn

N

n

N

n

K

k
kwdk

K

k
kdnddndd wpkzpwp

1 1 11
)|()|(),|( φθφθθ (4.3) 

= = =

=
D

d

N

n

K

k

kwdk

d

dnL
1 1 1

ln φθ (4.4) 



EM expectation–maximization

k

=

= K

k
wkdk

kwdk
dnk

dn

dnq

1'
''φθ

φθ
(4.5) 

d k θdk

= =

== K

k

N

n

dnk

N

n

dnk

dk
d

d

q

q

1' 1

'

1θ (4.6) 

k v φ

= = =

= == V

v

D

d vwn

dnk

D

d vwn

dnk

kv

dn

dn

q

q

1' 1 ':

1 :φ (4.7) 

=vwn dn:

wdn = v n

(4.5) (4.7)

MAP(maximum a posteriori) dk φ

= =

=

−+

−+
= K

k

N

n

dnk

N

n

dnk

dk

Kq

q

d

d

1' 1

'

1

)1(

1

α

α
θ (4.8) 

Vq

q

V

v

D

d vwn

dnk

D

d vwn

dnk

kv

dn

dn

)1(

1

1' 1 ':

1 :

−+

−+
=

= = =

= =

β

β
φ (4.9) 

perplexity 5)

6) 7)



AIC (Akaike information criterion) BIC (Bayesian information criterion) 

4.3.1

4.3.2 4.3.3

4.3

4.3.1

d k θdk

d θd = (θd1, θd2, …, θdK)

d d’ |θd −θd’|

θd

Kullback-Leibler
8) θd θd’

(4.10) 

Jensen-Shannon 9)10) θ = (θd + θd’)/2

(4.11) 

k

k

φkv

BOW

(4.11)

=

=
K

k kd

dk
dkddKLD

1 '
' log)||(

θ
θθθθ

)||(
2
1)||(

2
1)||( '' θθθθθθ dKLdKLddJS DDD +=



4.3.2

4.3.2

(4.12) 

P(d | k), P(k | W) ( ), ( ) P(k) ( )

(4.13) 

(4.14) 

(4.15) 

(4.13) (4.15) (4.12)

(4.16) 

W

P(d) 1/D (4.16)

=

=
K

k

WkPkdPWdP
1

)|()|()|(

)(
)(

)(
)()|()|(

kP
dP

kP
dPdkPkdP dkθ==

∏

∏

= ∈

∈

=

== K

k Wv
vk

Wv
kv

K

k

kP

kP

kPkWP

kPkWPWkP

1'
'

1'

)'(

)(

)'()'|(

)()|()|(
φ

φ

==

==
D

d
dk

D

d

dPdPdkPkP
11

)()()|()( θ

∏

∏

= = ∈

= ∈= D

d

K

k Wv
vkkd

K

k Wv
kvdk

dP

dP
WdP

1' 1'
'''

1

)'(

)(
)|(

φθ

φθ



(4.17) 

W d1 d2

(4.18) 

4.3.3

4.3.1 4.3.2

2.1

G G, G’

(4.19) 

4.3.2

G, G’ (4.19)

4.4

4.4.1

25 27 11) 13) 72

A4 2

∏

∏

= = ∈

= ∈= D

d

K

k Wv
vkkd

K

k Wv
kvdk

WdP

1' 1'
'''

1)|(
φθ

φθ

)|()|()|( 21 WdPWdPWdP D≥≥≥

]'',|min)||([arg '
',

GdGdD ddJS
dd

∈∈→θθ



7% 3

68%

8 14)

70

d

72 47

17

WinCha2000

10% 10 501

202

23 25 12 7 5

α = β
= 2 15) 100

2 10 BIC AIC

5

5

4.4.2

θd

A E

4.3.1 θd

5 4

5 A

E 5 A, B, C, D, E

1, 2, 5, 3, 4



BIC AIC

− −

− −

− −

− −

− −

− −

− −

− −

− −





C

4.3.1

φkv

20

A B C D

E

A

A

4.3.2

A E

(4.18)

(4.17) (4.18)

A

D C

C

E

A B C D E 

 2 5 0 2 0 

 4 0 8 3 1 

 5 3 1 1 3 

 1 2 0 1 3 

0 1 0 0 1 

( ) 1 0 0 0 0 



A

B





E

A

4.3.1



4.3.2

4.3.3 B63, C67, 

D37, E33

D E C67

D

E

B

C D37

B C

A B C E33

E33

D E B63

D

E

B63 E33 E

E33

B63 E33

3

1 2 1 3 2 3 3

 B C D E 

A A52-B7 A20-C16 A31-D11 A56-E33 

B  B28-C19 B63-D37 B63-E33 

C   C67-D37 C67-E33 

D    D66-E1 



1 2

1 3



2 3

4.5

SNS

72



1)

66, 1, 23-29, 2015. 

2) After 7days 61, 11, 

4-63, 2016. 

3)

2017. 

4) 2015. 

5) Blei, D. M., Ng, A. Y. and Jordan, M. I.: Latent Dirichlet allocation, Journal of Machine Learning 

Research, 3, 993-1022, 2003. 

6) Chang, J., Gerrish, S., Wang, C., Boyd-Graber, J. L., and Blei, D. M.: Reading tea leaves: How 

humans interpret topic models. Advances in Neural Information Processing Systems, 288-296, 

2009. 

7) Blei, D. M. and Lafferty, J. D.: Dynamic topic models, Proc. of the 23rd International Conference 

on Machine Learning, 113-120, 2006. 

8) Kullback, S. and Leibler, R. A.: On information and sufficiency. Annals of Mathematical Statistics, 

22, 79-86, 1951. 

9) Fuglede, B. and Topsoe, F.: Jensen-Shannon divergence and Hilbert space embedding. Proc. IEEE 

Int. Symposium on Information Theory, 31-36, 2004. 

10) JS divergence

A1 72, 4, I_810-I_820, 2016. 

11) 2014. 

12) 2015. 

13) 2016. 

14) . 2014. 

  





5.1

1)

1995

5.2

5.2.1

1

1



5.2.2

P Q PQ

5.2.3

 = − α1 − α2

α1, α2 α1

α1

α2

(α1, α2 ) 

α α α
α2

α1



α1, α2

α1, α2 (α1, α2)

(α1, α2)

α1, α2

5.3

5.3.1

Kullback-Leibler divergence Q1, Q2

Q1(i), Q2(i) Q1, Q2 i

(5.1) 

Q1, Q2 i Q2(i) = 0



Jensen-Shannon divergence

(5.2) 

k k’

φkv φk’v k k’ DJS(φk||φk’)

D1, D2

(5.3) 

(5.4) 

1995

1996 1995 1 1996

1

φpap φnew

(5.5) (5.6)

(5.5) 

(5.6) 

(5.7) 

)(
2
1

)||(
2
1)||(

2
1)||(

21

2121

QQQ

QQDQQDQQD KLKLJS

+=

+=

∈

=
1

|| 1
1

Dd

dk
k D

θλ

∈

=
2

|| 2

'
'2

Dd

dk
k D

θλ

=
k

kvkpap φλφ 1

=
'

''2
k

vkknew φλφ

)||( newpapJSD φφ=



(5.3), (5.4)

v

k k’

(5.8) 

(5.9) 

v φ’pap

φ’new (5.10) (5.11)

(5.12)

(5.10) 

(5.11) 

(5.12) 

5.3.2

(5.13)

Lij j i

xij j i yi(j−1) j−1 i

(5.13) 

−

===

k
kkv

kkv

k

vk
kPkvP

kPkvPvkP
1

1
|1

)()|(
)()|()|(

λφ
λφλ

===

k
kkv

kvk

k

vk
kPkvP

kPkvPvkP
2

'2'
|'2

)()|(
)'()'|()|'(

λφ
λφλ

=
k

kvvkpap φλφ |1'

=
'

''|2'
k

vkvknew φλφ

)'||'()( newpapJSJS DvD φφ=

)1(210ln −−−= jiijij yxL ααα



5.4

5.4.1

“ ”

14

CiNii Articles 14

OR 

“ ”

J-STAGE

CiNii Articles

URL

TSV (Tab Separated Values)

CD- 14

OR 14

CD-

CD-ROM

CD-ROM CD-

1995 2014 20

45,850 54,622 20

1995 2000 2000 2004

2004 2011

MeCab

1

500



5.4.2

AIC

1995

1 1996 1

0

1000

2000

3000

4000

5000

6000

7000

8000

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014





5.4.3

2

5.3.1

5.3.2

1995

1999

2012 2011







−



0

0.1

0.2

0.3

0.4

0.5

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

0

0.1

0.2

0.3

0.4

0.5

19951996199719981999200020012002200320042005200620072008200920102011201220132014



0

0.1

0.2

0.3

0.4

0.5

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

0

0.1

0.2

0.3

0.4

0.5

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014



0

0.1

0.2

0.3

0.4

0.5

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

0

0.1

0.2

0.3

0.4

0.5

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014



0

0.1

0.2

0.3

0.4

0.5

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

0

0.1

0.2

0.3

0.4

0.5

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014



2014

0.20

0.22 0.22

0.23 0.34

20

2014 20

2014

20

2000 2001

2000 2001

1999

2004

2011

2004

1995

2011

  



(*) 

 0.28-0.38 

 0.28-0.37 

( )  0.28-0.41 

 0.22-0.35 

 0.20-0.34 

0.22-0.31 

 0.23-0.35 

 0.29-0.34 

(*) 2014

    
20

2014



0

0.1

0.2

0.3

0.4

0.5

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

0

0.1

0.2

0.3

0.4

0.5

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014



5.4.4

2011

(5.13) x

y

5.2.3





5.5

1995

1) 

2) 

2004 2011

3) 

2011



1)

211, 2012. : 2018

12 15 , : http://data.nistep.go.jp/dspace/handle/11035/1156





6.1

1995

6.2



3

4

5



5

4

3

6.3

[1] 

[2] 

[3] [2]

[4] 

[5] 





20

OB

18

2 7 2001 2007

i. school

7



18

2018 5

11

12 36

0 6

2

3

4

5

3

6 5

3

80

3

6

70

31 3



1995 2014

500

1



A.1 1995
1,563 134,807 2,171

    



A.2 1996
1,697 157,252 2,436

    



A.3 1997
1,815 158,632 2,171

    



A.4 1998
1,346 121,035 2,039

    



A.5 1999
1,781 151,615 2,083

    



A.6 2000
1,616 153,115 2,177

    



A.7 2001
2,248 193,758 2,161

    



A.8 2002
1,877 182,318 2,207

    



A.9 2003
2,293 207,622 2,219

    



A.10 2004
2,336 201,607 2,228

    



A.11 2005
2,844 279,008 2,532

    



A.12 2006
2,372 201,393 2,419

    



A.13 2007
2,789 202,640 2,292

    



A.14 2008
2,691 256,512 2,568

    



A.15 2009
2,508 216,269 2,416

     



A.16 2010
2,217 178,674 2,496

    



A.17 2011
2,976 243,295 2,526

    



A.18 2012
3,321 293,953 2,623

    



A.19 2013
3,045 274,889 2,509

     



A.20 2014
2,515 205,081 2,298

     


