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2000) initial stage
early stage
expansion stage maturation stage
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initial stage  early stage
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(incremental innovation)
(radical innovation) ( :

1997)

(science-oriented technology

innovation)

(e.g., Mansfield, 1972; Rosenberg, 1974; Sveikauskas, 1981; Adams, 1990; Narin and

Hamilton, 1996) R&D science-oriented
(Tijssen, 2002) (van Raan and van Leeuwen, 2002)

Jaffe  Trajtenberg
(Jaffe, 1989; Jaffe and

Trajtenberg, 1996)

(Tryk et al., 2000; Hashimoto et
al., 2005)
(Fleming and Sorenson, 2004)



Massini
(Massini et al., 2005)

Sorenson
Fleming
(Sorenson and Fleming, 2004; Fleming and Sorenson, 2004)
e FHTIT I . P ot —EZx
U=r-E7 (Science) '| (Technology) | (Industry)
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S = ET (Science) (Technology) (Industry)
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1.2.
1-1
Web of Science , 2008/11/04
100 1
1-1
innovation* 50,742
radical innovation* 681
radical innovation* AND (methodology OR procedure) 36
radical innovation* AND detection
radical innovation* AND (methodology OR procedure) AND 0
detection
2 Citation-mining

(Small,

1977; Small, 2003; Chen, 2004; Chen, 2006) (Chen, 2005) 2

text-mining

Kostoff, Braun, Schubert, Toothman, & Humenik, 2000; Losiewicz, Oard, &



Kostoff, 2000

1.3.

(Losiewicz, et al.,2000; Kostoff, et al.,2000)

(Swanson, 1986; Weeber, et al., 2001)
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2.1.

(Kostoff, Braun, Schubert, Toothman, & Humenik, 2000;
Losiewicz, Oard, & Kostoff, 2000)

(Swanson, 1986; Weeber, Klein, de Jong-van den Berg, & \os,
2001)

(Small, 2003) 2

(Small, 1977)
White
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(Chen, 2004, 2006)

2.2
2.3

2
2.4

2.2.

2.2.1.

18 L.
10
( & , 2005) Barabasi
(Barabasi et al., 2002) Newman(Newman, 2003)
( , 2002) ( , 2004)
( & , 2005)
WWW
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Newman

& , 2005)

(Newman, 2003)

12

(

, 2002)
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Node, Vertex (pl. vertices) : The fundamental unit of a network, also
called a site (physics), a node (computer science), or an actor (sociology).

Edge : The line connecting two vertices. Also called a bond (physics),
a link (computer science), or a tie (sociology).

Directed / undirected : Anedge is directed if it runs in only one
direction (such as a one-way road between two points), and undirected if it runs
in both directions. Directed edges, which are sometimes called arcs, can be
thought of as sporting arrows indicating their orientation. A graph is directed if
all of its edges are directed. An undirected graph can be represented by a directed
one having two edges between each pair of connected vertices, one in each
direction.

Degree : The number of edges connected to a vertex. Note that the degree
is not necessarily equal to the number of vertices adjacent to a vertex, since there
may be more than one edge between any two vertices. In a few recent articles,
the degree is referred to as the “connectivity” of a vertex, but we avoid this usage
because the word connectivity already has another meaning in graph theory. A
directed graph has both an in-degree and an out-degree for each vertex, which are
the numbers of incoming and outgoing edges respectively.

Component : The component to which a vertex belongs is that set of
vertices that can be reached from it by paths running along edges of the graph. In
a directed graph a vertex has both an in-component and an out-component, which
are the sets of vertices from which the vertex can be reached and which can be
reached from it.

Geodesic path : A geodesic path is the shortest path through the
network from one vertex to another. Note that there may be and often is more
than one geodesic path between two vertices.

Diameter : The diameter of a network is the length (in number of edges) of
the longest geodesic path between any two vertices. A few authors have also used
this term to mean the average geodesic distance in a graph, although strictly the
two quantities are quite distinct.

13



3
(Average path length)
(i, 1)
1(i,j) i
i i
I(i) b 10)
L
Y
)2 g &6 )
L1 %él(i)
(Clustering coefficient)
i ki Ki
0~%ki (k, -1) ki
Ei lki (k, -1) i
C(i) N C
c=1
ci)* 5
Eki (ki '1)
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1 XN
ct=&c)
N o
( ) (Degree distribution)
k
X, P(k)
X
P(k)= %
(k)=
2.2.2.
2.2.2.1.
1
1960 Paul Erdds  Alféd Rényi
p(k) (Erdés &
Rényi, 1959; Erdds & Rényi, 1960; Erdds & Rényi, 1961)
N
p N
N
c = N(N -1)
2

15



<k>

<k>=pN

0.04

N =100 p

2-1

0.04

100 p=

2-1 N

16



2.2.2.1.1.
<k>
N (1) (k)
o in(n)
rand |n <k>
2.2.2.1.2.
k
Crand = p = %
2.2.2.1.3.
N —o

P(k)

17
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E(X,)@ X, N>>1 N~N-1

N!

(N - K)k! (L= o)™

N — @, p — 0,<k >=const.

k
limp()=e= U]
N—o k!
pN
N — o, p=const,<k>" N
limP(k) = expé—%(k - pN)”\J,WhereD2 1 Np(L- p)
N—go S 2D H
22.2.2.6
1967 Stanley Milgram
300
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100
55
1967  Psychology Today The Small
World Problem (Milgram, 1967)
6
6 (
)
"Six degrees of separation™(6 )
30
2.2.2.3.
( 21
) 1998
Watts Strogatz
225,226 <k>=61 I=3.65
C =079
I(rand) = 2.99 C(rand) = 0.00027
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Watts & Strogatz,
1998

% \Watts & Strogatz, 1998
® Watts & Strogatz, 1998
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(L~L(rand)) C

L~L(rand) C>>C(rand)

N
(N>>kmax>>1) L
(C>>C(rand))
kmax
2-1
2-4
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’,,-" TN
VAT e
S
et __"'_' ..' ] _.'-
& {1
H‘* N
e ol L
.h‘u _.---"""_ "".- ..

2-4 N=100 K=4 p=0.01

Watts

Strength of Weak Ties

(Granovetter, 1973) Mark S. Granovetter

(strong tie) (weak tie)
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A B s={CDE,..}

A B
A-B A-C
B
B-C
A
2
(Diffusion)

(innovator)

2.2.2.3.1.

A B

A-B A-C

Rogers

Granovetter
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(short cut)

p N (
) P N (
) 1 (short cut)
n=_2
NK
é a 290
=N <<
| 1 ép NK 2
sw — 1
=~ 3 2 9
TnNgp>> -2
Pl NKS
2.2.2.3.2.
p=0
K K/2
E
K
PDIIIII3II3IDDDI%I3I3D3DD3I3I3I3IDDDD).
E= ?%5-18 aK i+ ?%5-18 %5-20u+3+?%5-1o ik _Kgd
ic2 +¢2 3y i¢2 <+ ¢2 -y ic2 =+ ¢2 2=y
Qm:%K-a
4K -1)
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2.2.2.3.3.

p(k)

d(k - K)

2.2.24.

p(k) "k

Albert-LaszI0
Barabasi Réka Albert 1999

p(k) ~ Kk WWW  y =245 2.1
y =2.3
N
(1)
(growth) 2
(preferential attachment)
Albert-L&szI0 Barabdsi  Réka Albert 2-1
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1. growth

2. preferential attachment

T

mr

Web

Yahoo!

mO (i=0,1,...m0)

(i =7 + m0)
(i=01,...0T1+m0)

i ITi
k.
j=t-1+m0
S
,-"3 : (0¢i<z+mo)
N =r + m0
2-5

26
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2-5 N=100 mO=m=2

EedN]
P
&
q
&

o 1\ ‘;D'r o -
a) \ b
it . . e o~ L
[ il T ~ o T3 iy
® ]
2-6 !
2.2.2.4.1.
* Albert & Barabasi, 2002 (@)N =m0 + t = 300,000 and m0 = m =1 (circles),

m0 = m = 3 (squares), m0 = m =5 (diamonds) and m0 = m = 7 (triangles). The slope of
the dashed line is 9 = 2.9. (b)m0 = m =5 and system sizes N = 100, 000 (circles), N =
150, 000 (squares) and N = 200, 000 (diamonds). The inset shows the time-evolution for
the degree of two vertices, added to the system at t1 =5 and t2 = 95. Here m0 = m =5,
and the dashed line has slope 0.5.
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4 L o
[/
I o i 10
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2-7
2.2.2.4.2.

° Albert & Barabasi, 2002
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(Albert & Barabasi, 2002)

(Albert & Barabasi, 1999)

C, ~N -0.75
2.2.2.4.3.
Barabasi
i Ki
T
P(k,)
K _ mP(k,)=m NE‘
ut '
ak;
j=1
T
Mk gk
ut  2t-1- 2t (£>>1)

N 1m,

mt =2
2

29

+1

-N-
ak

=

continuum theory

ki

N-1

ak; =2mt-m

=



— | N

1b1

OO

ki
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—|Q

(¢+m,)

—|Q

g
t0 ..
0 k

1

Kb O

1
m?

Pet, >

P(k)
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P(k)~ 2mk
3
2.2.2.5.
3 2-2
p=0 ( )
2-2
L C P(K)
6
O(L/N)
,
Otlogh) O(1)~O(1/N)
3 k™
O(N *)
8 0
O(N) 0(1)
L C
L
C
N - oo p-0 Poisson
p —const. Gauss
K 0
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1999
2.3.
2.3.1.
2-8
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. Qy G(y)
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. @)

32



-
- (6)
- ()

- (8

DB - o ot
|
TIN5,
EWILD RO IR &S ©
5528 -MREOFERREL )
£5522-DFEy S5
2-8
2-3
3 3
o @ 3
5 G @ 4

@ 5

33



2-3

1) DB

B ) @y
G(y)

B)Gy) GL(y)

(4)

()

4 ) (6)

(7)

(8)
G )

2.3.2.

2-8
(D@)(Q3)
Institute for Scientific Information (1SI)
ISI 1970

"Web of Science”

(query expansion) (Kostoff, et al., 1997)
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ISI attribute data
relational data 2-9
3
(direct citation) (co-citation, Small, 1973)
(bibliographic coupling, Kessler, 1963) 3

largest-graph component

(Newman & Girvan, 2004)

Attributes of papers

The “largest connected

& > i i
ISI’s database Sxrepy | Citations among papers [ L od nod comp(.)tnti.nt ofteachkyear s
earcl emoving unconnected nodes citation networks
(1970-2004) 0

Directd edges to Undirected edges

p e

2-9
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2.3.3.
2-8 (4
3

u 1

u 2
. 3
2.3.3.1. 1

2002 Girvan
Newman edge betweenness
GN

Girvan Newman

(Newman & Girvan, 2004; Girvan &
Newman, 2002)
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2-10 Agglomerative Method
Divisive Method 2 Divisive Method
Agglomerative Method 2-11
2-11
2 Agglomerative Method

o?

Agglomerative /’\
®-

Method

Divisive
Method

2-10 2

o L O 5
| of |© 5
. | s
| . io =

ne @ | Q !

v o @ :

2-11  Agglomerative Method 9

%(Newman & Girvan, 2004)

37



Girvan Newman
communities”
Betweenness centrality
betweenness
. edge betweenness
. edge betweenness
. edge betweenness
edge betweenness
modurality Q
modurality Q modurality Q
Q [
]
Q=0
Q=1 Q=0.3~0.7
10 modurality Q A0

38

“between

edge betweenness

2-12

10
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mod ularityQ
Q=& -a’)=Tre) -|ef

9 esiesesuy!

2-12
Highest betweenness 3
2 shortest-path betweenness
(Newman & Girvan, 2004)
. shortest-path betweenness 2

Highest betweenness

random walk betweenness 2
random walk
Highest betweenness

current-flow betweenness 2
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Highest betweenness

shortest-path betweenness

m S O(m)
shortest-path betweenness 1 O(mn)
m O(m*n) or O(n®)
GN
n=64, <k>=8 4

Zachary’s karate club network

GN
Newman (Newman & Girvan, 2004) GN
Newman (Newman, 2004)
Newman
GN
GN
O(m?n) or O(n®)
Newman
GN GN
GN Q
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modularity Q
A4Q
.n 2 2
Q=&le, -a’)=Tr(e)-[e]
Y DQ=e¢; +te; -2aa, = 2(eij - aiaj)
A4Q
A4Q
Newman Newman
N=56,276
GN 3-5
GN O(m*n) or O(n%)
O(n) 1 O(m+n)

O((m+n)n) or O(n?)

Clauset  (Clauset, et al., 2004)
-1

41

Newman

GN

42
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2.3.3.2.

2002 GN 1)
2) 2
(Radicchi, et al., 2004)

k(V)=k"(v)+ k()

gkiin(v): aAj

jv

’l:kiom(v): aA,

v

- —

2

Community in a Strong Sense
k"(V)>k*“ (V) foriTv

\Y

Community in a Weak Sense

ak"\v)>ax"v)

iV iV
Vv

edge-clustering coefficient

42

Radicchi



Q) 7, )

c, W= p i !
" min(k -2) (k; -]
§z, j(s) : the number of triangles built on that edge

wherey ) )
min (k. 1), (k, -1)]: the maximal possible number of them

SO

i

o ",‘zivj(g> : the number of cyclic structures of order g the edge (i, j) belongs to
wherej
TSii 9- the number of possible cyclic structures of order g that can be built given the degrees of the nodes

edge-clustering coefficient
edge-clustering coefficient

GN

GN

modularity Q

Clauset(Clauset, 2005)
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Too large and Too dynamic

Local Modularity

2-13

2-13

sharp boundary

Y Clauset, 2005

11

sharpness of that boundary

44

Local Modularity R

C(B



> Bdli.j) .r
R=— ==
2y T
L. if vertices i and j are connected,
Bji= and either vertex is in 5;
0. otherwise.
dli.j)is | when either v;€ B and v; € C, or vice versa
T: the number of edges with one or more end points in B
I: the number of those edges with neither end point in U
O<R<1 R=1
2-4 C=B=v[0] U={v[0]
} AR AR C
U
x=Ry—z{l1 —R)
AR = —

T—z+y
x: the number of edges in T that terminated at v[j]

y: the number of edges that will be added to T by the agglomeration of v[j]

I.e., the degree of v[j] is x+y

z: the number of edges that will be removed from T by the agglomeration
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2-4  local modurality R

mesoscopic

add v to C

add all neighbors of o, 1o I

sl 1'1:.:'_:,

while | <=k do

for each v; =i{f do

compute iﬂj from Eq. (5)

end for

find v; such that its AR; is maximum
add thal o} to G

add all new neighbors of that v; to I
update B and B

end while

GN

2-14 amazon.com

macroscopic structure

microscopic structure

12 Clauset, 2005

46
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o
=

.iII'IIii'I:II'\(IE'.'H ]
= random
E’ 0.5¢ -
3
m 0.4
i
E o3
% 5
B %% ,
E | .
?{:"' g’ R 0 10°
dagres, d
2-14  local modurality R 13
2.3.3.3.
Capocci  (Capocci, et al., 2005) GN
Spectral Method
Adjacency Matrix A K A

Laplacian Matrix L L=K-A

N N KA N A 1
Normal Matrix N 1
m
N
N

13 Clauset, 2005

47

Normal Matrix

m-1 1



(Son, et al., 2005)

Ising Model

Random Field

H = —%aJijsisj -aBbs,
i i

é+a, fori=s
Bi:{—o, fori=t
o, fori, st

B

Random Field Ising Model

+1 -1

Zachary karate club network

48

random field
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2.3.3.4.

2-5
1)

2)

modularity Q

(Newman, 2004; Clauset et al., 2004)

49

O((m+n)n) or O(n?



2-5

global

local

Newman
A4Q
Q=&le, -a°)=Tre) - [
Y DQ=e¢; +e; -2aa, = 2(eij -aiaj)
- A4Q

4Q
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4Q

2-15

2-15 Newman

2.3.4.

2-8 (5
2 pajek

Large Graph Layout LGL

PC pajek 5,000

LGL
2-16

o1



2-16 LGL
2.3.5.
2-8 (6) Guimera (Guimera & Amaral, 2005)
modularity M M
Simulated annealing M Newman  modularity

Inter-cluster

52



inter-link
M
Nu €l &d, g9
M2 ae %ds 0 U
s=1 @ L (; 2L u
éN,, :is the number of modules
i‘L : the number of links in the network
}IS : the number of links between nodes in module s
d. is the sum of the degrees of the nodes in module s
within-module degree  z-score
participation coefficient P 2
zZ-score
how well-connected node i is to other nodes in the module
P=1
P=0
7 = ki - ksi
I Sk

Si

§ki : the number of links of node i to other nodes in its module s,
1K, :theaverage of k overall the nodesin s,
lrsks_ : the standard deviation of kiin s,

k_
K,

-1- CIDOz

Y d

P=1- ag
_1(!‘

ék; - the number of links of node i to nodes in module s

:'ki : the total degree of nodei

z, P

53
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7 2-4 Y4
non-hub nodes(Z<=2.5) hub nodes(Z>2.5) non-hub nodes
(R1)ultra-peripheral nodes (R2)peripheral
nodes (R3)non-hub connector nodes

(R4)non-hub Kkinless nodes

hub nodes (R5)provincial
hubs

(R6)connector hubs
(R7)kinless hubs
E. Caoil

a
™ Bt
@ | RS Ro RT
o
%)
T 4}
z
=1
o
g 2 1
£ il
£ R2 RI R4 |
g Q v el =
R1 i
= L 1 —=1 P | : [
0.0 0.2 0.4 0.6 a3 1.0
Farticipation coefficient, P
2-17 1

14 Guimera & Amaral, 2005
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2-6

Z
non-hub nodes | (R1) ultra-peripheral | nodes with all their links within their module
(Z<=2.5) nodes (P<=0.05)
(R2) peripheral nodes with most links within their module
nodes (0.05<P<=0.62)
(R3) non-hub nodes with many links to other modules (0.62
connector <P<=0.80)
nodes
(R4) non-hub nodes with links homogeneously distributed
kinless nodes | among all modules (P > 0.80)
hub nodes (R5) provincial hubs | hub nodes with the vast majority of links
(2>2.5) within their module (P <= 0.30)
(R6) connector hubs | hubs with many links to most of the other
modules (0.30 < P <=0.75)
(R7) kinless hubs hubs with links homogeneously distributed

among all modules (P > 0.75)

Loss Rate plost(R)
plost(R)

plost(R)

for a pair of species, Aand B, we define the loss rate as the probability,

plost(R) = p(RA=0|RB =R)

that a metabolite is not present in one of the species (RA = 0) given that it plays
role R in the other species (RB = R).

(R5)provincial hubs

nodes

plost(R)

plost(R)

(R3)non-hub connector nodes

(R3)non-hub connector

(R5)provincial hubs
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Newman

Guimera (Guimera, & Amaral, 2005)

within-module degree z-score

participation coefficient P 2 2-18
1)early stage
2)
20 . . . .
151 -

(R5)

R7
Eruvincial hubs (&)

{Ré) connector hubs kinless hubs |

p—
o

Within-Cluster Degree z-score

5L i
ol - —+ (R3) non-hub connector nodes
(R2) peripheral nodes .
-+—— (R4 non-hub kinless nodes
-5 i I 1 L
0 0.2 0.4 0.6 0.8 1

Participation Coefficient P
{R1) ultra-peripheral nodes

2-18
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2.3.6.
2-8 (7)
modularity Q (Newman, 2004;
Clauset & Newman, 2004)
1) NC-Value 2)
i j w(i, j) tf-idf
J w(i, j) 10 J
NC-Value C-Value a C-\Value
émax(L log,[al)f(a)  a:not nested
1
C -valuela) =13 a .. 0
@) Tmax(l Iogz|a|)9f(a)—i a f(b)2 otherwise
i : Tolorr, 72
a: candidate string,
|a]: the number of words of a,
f(a): frequency of a,
Ta: set of candidate terms that contain a
1) 2)
3) Natural language
Natural  Language
Frantzi C-Value a NC-value

(Mima et. al., 1998; Frantzi et. al., 2000)

NC - value(a) = 0.80C - value(a)+0.20 & f,(b)weight(b)

bicC,

a: candidate string,
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Ca: set of distinct context words of a,

fa(b): frequency of bas a term context word of a,
t(w): the number of terms the word w appers with,
n: the total number of terms considered

weight(b) = t(w)/n

C-Value

tf-idf i j
w(i, j)

N

df,

DO

w, ; =tf, ;3log

OB

tfi; number of occurrences of term i in document j.
dfi number of document containing term i.
N total number of documents.
tfi; i j df; i
tfi;
tf-idf

w(i, J)
10

58
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DO

w, ; =tf, ;3log

OB

N
df,

tfi; number of occurrences of term i in cluster j.

dfi number of document containing term i.

N total number of documents.

2.3.7.

28 (8)

Freeman

1977) Freeman degree centrality

betweenness centrality 3

clustering centrality
& Strogatz, 1998)

2.3.7.1.

CI[i]

59

(Freeman,

closeness centrality

Watts

(Watts

Clustering Centrality



klk -1
c, =Kk
2 CI[i]
(Watts &
Strogatz, 1998) Cl[i] i
CI[i]
CI[i]
2.3.7.2. Closeness Centrality
i Ccli]
. 1 ..
C.lil=———ad.
Cc [ ] N _ l % ij
d; i i (Sabidussi,
1966)
B Closeness Centrality
2.3.7.3. Betweenness Centrality
2

Bcli]
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Bli]= &

s i tlv Sst

sﬁﬁ) S

(Freeman, 1977)

2.4.

s4(i)

Betweenness Centrality

1998
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24.1.

"Web of Science”

“GaN OR Gallium Nitride”

“social networks OR social network OR random
networks OR random network OR small-world OR scale-free OR complex

networks.”
15,134
7,370 1970 2004
2004
14,240 ( 94%)
3,524 ( 48%)
2-7

62



2-7
1970-2004 2004
GaN OR Gallium Nitride 15,134 14,240 (94% )
social networks 7,370 3,524(48%)

OR social network
OR random networks
OR random network
OR small-world

OR scale-free

OR complex networks

2-20

2-19

1995

2000
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2000

2005




2,500 20,000
w papers =
g. 2,000 _o_ citations 15.000 =
™ 3 ‘:
o,
1,500 ;
5 {10,000 2
2 1,000 g
= g
= 5,000
w300 i =
S
0 0
o uy [=] y o (] o
= = [ o0 &h [+ [ =
[+)] &h [+ &h [+ [+)] =]
— — — — — — ™~
2-19
1,250 5,000
- papers E
E, 1,000 _o_ citations 4,000 .=
1] ™
‘E' 750 3,000 B
b =
2 s00f ta.000 8
= g
s 250f Hh,000 &
? L]
= 8
ovvvvlvlvvvvvv:::‘:' L )
& 2 8 8 8 & 8
oh [+, &h oh oh oh o
— — — — — — =]
2-20

24.2.

Gallium Nitride, GaN
Complex Networks 2
2 2
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2-9

2

2004

65
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2-8



2-8 10
Times Cited Author Title Journal
till 2004
1,110 STRIFE, S; MORKOC, H GAN, AIN, AND INN - AREVIEW J VAC SCI TECHNOL B, 1992,
vol. 10, p. 1237

933 NAKAMURA, S; MUKAIL, T; | CANDELA-CLASS HIGH-BRIGHTNESS INGAN/ALGAN | APPL PHYS LETT, 1994, vol. 64,
SENOH, M DOUBLE-HETEROSTRUCTURE BLUE-LIGHT-EMITTING DIODES p. 1687

710 AMANO, H; SAWAKI, N; AKASAKI, | METALORGANIC  VAPOR-PHASE EPITAXIAL-GROWTH OF A | APPLPHYS LETT, 1986, vol. 48,
I; TOYODA, Y HIGH-QUALITY GAN FILM USING AN AIN BUFFER LAYER p. 353

705 AMANO, H; KITO, M; HIRAMATSU, | P-TYPE CONDUCTION IN MG-DOPED GAN TREATED WITH | JPN J APPL PHYS PT 2, 1989,
K; AKASAKI, | LOW-ENERGY ELECTRON-BEAM IRRADIATION (LEEBI) vol. 28, p. L2112

702 MORKOC, H; STRITE, S; GAO, GB; | LARGE-BAND-GAP SIC, 1lI-V NITRIDE, AND II-VI ZNSE-BASED | J APPL PHYS, 1994, vol. 76, p.
LIN, ME; SVERDLOV, B; BURNS, M | SEMICONDUCTOR-DEVICE TECHNOLOGIES 1363

585 Nakamura, S; Senoh, M; Nagahama, S; | InGaN-based multi-quantum-well-structure laser diodes JPN J APPL PHYS PT 2, 1996,
lwasa, N; Yamada, T; Matsushita, T; vol. 35, p. L74
Kiyoku, H; Sugimoto, Y

532 NAKAMURA, S GAN GROWTH USING GAN BUFFER LAYER JPN J APPL PHYS PT 2, 1991,

vol. 30, p. L1705

470 Bernardini, F; Fiorentini, V; Vanderbilt, | Spontaneous polarization and piezoelectric constants of I11-V nitrides PHYS REV B, 1997, vol. 56, p.
D 10024

448 Pearton, SJ; Zolper, JC; Shul, RJ; Ren, | GaN: Processing, defects, and devices J APPL PHYS, 1999, vol. 86, p. 1

66




F

413

LESTER, SD; PONCE, FA,
CRAFORD, MG; STEIGERWALD,
DA

HIGH DISLOCATION DENSITIES IN HIGH-EFFICIENCY GAN-BASED
LIGHT-EMITTING-DIODES

APPL PHYS LETT, 1995, vol. 66,
p. 1249
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2-9 10
Times Cited Author Title Journal
till 2004

722 Watts, DJ; Strogatz, SH Collective dynamics of 'small-world' networks NATURE, 1998, vol. 393, p. 440

558 Barabasi, AL; Albert, R Emergence of scaling in random networks SCIENCE, 1999, vol. 286, p. 509

499 Albert, R; Barabasi, AL Statistical mechanics of complex networks REV MOD PHYS, 2002, vol. 74, p. 47

299 Strogatz, SH Exploring complex networks NATURE, 2001, vol. 410, p. 268

252 BERKMAN, LF; SYME, SL SOCIAL NETWORKS, HOST-RESISTANCE, AND | AMER J EPIDEMIOL, 1979, vol. 109, p. 186
MORTALITY - 9-YEAR FOLLOW-UP-STUDY OF ALAMEDA
COUNTY RESIDENTS

248 Albert, R; Jeong, H; Barabasi, AL Error and attack tolerance of complex networks NATURE, 2000, vol. 406, p. 378

243 Jeong, H; Tombor, B; Albert, R; Oltval, | The large-scale organization of metabolic networks NATURE, 2000, vol. 407, p. 651

ZN; Barabasi, AL

210 Dorogovtsev, SN; Mendes, JFF Evolution of networks ADVAN PHYS, 2002, vol. 51, p. 1079

162 FREEMAN, LC CENTRALITY IN SOCIAL NETWORKS CONCEPTUAL | SOC NETWORKS, 1979, vol. 1, p. 215
CLARIFICATION

148 Barabasi, AL; Albert, R; Jeong, H Mean-field theory for scale-free random networks PHYSICAA, 1999, vol. 272, p. 173

68




24.2.1.

20 nitride semiconductor
gallium nitride, GaN
1990
LEDs LDs

1990 1960
RCA Pankove
(Pankove, et al., 1970) Dingle 2K
(Dingle, et al., 1971) 1970

p-type

SiC
ZnSe
1993
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p-type
(Akasaki, 1998)
Akasaki 1980

(Amano, et al., 1986; Akasaki, et al., 1989)

p-type (Amano, et al., 1989)
(Nakamura, et al., 1992)

1993
(Nakamura, et al., 1994)
(Nakamura, et al., 1996)
maturatin stage
2.4.2.2.
1950 Paul Erdds
Rényi 2

(Erdds & Rényi, 1959; Erdds & Rényi, 1960; Erdds & Rényi, 1961)

Stanley Milgram

70

Alfréd

“six



degrees of separation 6 7 (Milgram, 1967)

Milgram

Watts  Barabasi

1998 Duncan J. Watts  Steven H.
Strogatz 2
(Watts & Strogatz, 1998) ”small”
1 Barabasi

(Barabasi & Albert, 1999)

‘preferential attachment'

‘preferential attachment'

‘winner takes

all’

(Barabasi,
et al., 2002) (Albert & Barabési, 2002)
Albert

71



(Albert, et al., 2000) Jeong

(Jeong, et al.,
2000) 5-1

expansion stage
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3
3.1.

(direct citation)

(co-citation, Small, 1973) (bibliographic coupling, Kessler, 1963)

3 (Small, 1997) 2
2
A B C A B
D E F D E
3-1 Small

(Small, 2006) Schiminovich

(Schiminovich, 1971) Rousseau
(Fang & Rousseau, 2001; Egghe & Rousseau, 2002) Garfield
(Garfield, 2004)
Shibata (Shibata
et al., 2008)

Klavans  Boyack

(Klavans & Boyack, 2006)
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—— direct-citation

C
/‘\ ----------- bibliographic coupling

LT - - = co-citation

r2 D ................... E

new

3-1 3
3
3
"visibility”, “speed”, “topological relevance” 3 "visibility”
“speed”

“topological relevance”

3.2.

3-2
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Three types of
citation network in
each year.

Search

3-2

1SI

“topological relevance” 3

:1991-1994
2004

Clustering

:1991-1994,

75

Clustering results

Comparison of:
“visibility™

“speed”
“topological relevance”

3-1

"visibility”, “speed”,

:1998-2001,



3-1
Research Core Papers
Domain
Gallium Nitride (a-1)NAKAMURA S, 1991, JPN J APPL Buffer layer
(GaN) PHYS PT 2, V30, P1705
(a-2) NAKAMURA S, 1992, JPN J APPL P-type doping
PHYS PT 1, V31, P1258
(a-3)NAKAMURA S, 1994, APPL PHYS
LETT, V64, P1687
Complex (b-1)Watts DJ, 1998, NATURE, V393, P440  Small-world
Networks
(CNW) (b-2)Barabasi AL, 1999, SCIENCE, V286, Scale-free
P509
Carbon (c-DINIMA, S, 1991, NATURE, V354, P56  Carbon nanotube
Nanotube (CNT)
3.2.1.
1.4.1.2
1970 2000
ISI “ carbon AND (nano* OR micro*)”
2000 23,459
3.2.2.
2.3.3
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3.2.3.
3-1
visibility”, “speed”, “topological relevance” 3
"visible”
“speedily”
“topologically relevant”
3
3 "visibility”
3
% "visibility” N N(C)
C ” topological relevance” E"‘L(C)
E(C)
E(C) C
Eintra(C) C

7



3.3.

3.3.1.

S, T,U

«Co~O(K?)

3-3

3-4 L)
)

78



(a) #nodes
15000,

10000

#nodes

5000

>

[]
A

(b) #nodes
4000—

L J §
1990

PO S I 1
1992 1994 1996 1998 2000 2002 2004

30001

20001

#nodes

1000

.
] a

a

I
1990

(c) #nodes
30000—

I I I I I 1
1992 1994 1996 1998 2000 2002 2004

20000+

nodes

#

10000+

[]
a

- rae

L A
1990

| I ! I
1992 1994 1996 1998 2000 2002 2004

3-3

(@)

(direct citation) e

(bibliographic coupling) =
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(a) #edges

[x10°6
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8 L

S

o
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1+
0

n i
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(b) #edges

=
L » & w w8 % o 6 & 2 e e e
1990 1992 1994 ~ 1996 1998 2000 2002 2004

[x10°6
S5
4L

3k

ftedges

! ! ! ! a o @
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(c) Hedges
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4
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2
1+ i
-
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- S
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, (b)

, (©)

(co-citation)



(2)
g
s |
rd
£
B A7)
3-4
modurality Qmax 3-5
3-2 3-4
Qmax
2 “locally dense and globally sparse”
Qmax
Qmax
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Qmax
(a) 1 T T T T T
0.8- 1
. 0.6F 1
<
5 ol . .
0.4+ ® e, 4 ® s e o ° e o ]
) - A Y N
[ N
0 1 A 1 1 | | 1
1990 1992 1994 1996 1998 2000 2002 2004
b
() 1 T T T T T T
0.8 ]
t e o e * o °
I~ 0.6 z [ -
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”
<04t A
02- ]
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r u
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3-5 modurality Qmax

(a) , (b) , (©)
(direct citation) e (co-citation)

(bibliographic coupling) =
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3-2 1992
(a) cluster size distribution of gallium nitride in 1992
type: direct type: co type: biblio
#nodes: 351 #nodes: 206 #nodes: 329

size  percentage #clusters | size  percentage #clusters | size  percentage #clusters
101 29% 1 102 50% 1 172 52% 1
99 28% 1 66 32% 1 153 47% 1
70 20% 1 38 18% 1 4 1% 1
50 14% 1

23 7% 1

5 1% 1

3 1% 1
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3-3 1999

(b) cluster size distribution of complex networks in 1999

type: direct type: co type: biblio
#nodes: 1523 #nodes: 653 #nodes: 1281
size  percentage #clusters| size  percentage #clusters | size  percentage #clusters
310 20% 1 201 31% 1 452 35% 1
304 20% 1 181 28% 1 378 30% 1
276 18% 1 105 16% 1 220 17% 1
104 7% 1 94 14% 1 104 8% 1
92 6% 1 49 8% 1 57 4% 1
66 4% 1 12 2% 1 32 2% 1
47 3% 1 1% 1 21 2% 1
41 3% 1 0% 1 10 1% 1
38 2% 2 2 0% 1 7 1% 1
35 2% 1
30 2% 2
29 2% 1
16 1% 1
8 1% 1
7 0% 2
5 0% 4
4 0% 1
3 0% 7
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3-4 1991

(c) cluster size distribution of carbon nanotube in 1991

type: direct type: co type: biblio
#nodes: 548 #nodes: 192 #nodes: 388
size  percentage #clusters size  percentage #clusters | size percentage #clusters
110 20% 1 58 30% 1 133 34% 1
91 17% 1 47 24% 1 109 28% 1
52 9% 1 42 22% 1 58 15% 1
48 9% 1 31 16% 1 39 10% 1
42 8% 1 6 3% 1 35 9% 1
38 7% 1 5 3% 1 10 3% 1
27 5% 1 3 2% 1 4 1% 1
24 4% 1
17 3% 2
16 3% 1
13 2% 1
12 2% 2
8 1% 1
7 1% 1
4 1% 2
3 1% 2
3.3.2.
visibility” speed”
“topological relevance” 3-5 3-10

"(a-1)NAKAMURASS, 1991, JPN JAPPL PHYS PT 2, V30, P1705"
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"(a-2)NAKAMURAS, 1992, JPN J APPL PHYS PT 1, V31,
P1258"

"(a-3)NAKAMURA S, 1994, APPL
PHYS LETT, V64, P1687"

"(a-1)NAKAMURASS, 1991, JPN JAPPL PHYS PT 2, V30, P1705"

"(a-2)NAKAMURA'S, 1992, JPN J APPL PHYS PT 1, V31, P1258"

"(a-3)NAKAMURASS, 1994, APPL PHYS LETT, V64, P1687"

Qmax

"(b-1)Watts DJ, 1998, NATURE, V393, P440"

“(b-2)Barabasi AL, 1999, SCIENCE, V286, P509"
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"(b-1)Watts DJ, 1998, NATURE, V393, P440"
"(b-2)Barabasi AL, 1999,
SCIENCE, V286, P509"

Qmax

"(c-1INIMA, S, 1991, NATURE, V354, P56"

"(c-1INIMA, S, 1991, NATURE, V354, P56"

Qmax
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3-5 (1)
(a-1) direct co biblio
. average birth . . average birth . . average birth .
year size density size density size density
year year year
1991 0.18 1989 0.73 - - - 0.45 1985.14 0.6
1992 0.22 1990.18 0.69 - - - 0.5 1984.77 0.68
1993 0.27 1991.36 0.68 - - - 0.44 1991.15 0.69
1994 0.28 1992.18 0.7 - - - 0.43 1992.85 0.72
1995 0.36 1993.72 0.75 - - - 0.11 1992.81 0.36
1996 0.32 1994.97 0.68 - - - 0.5 1989.35 0.63
1997 0.3 1995.99 0.67 - - - 0.47 1991.82 0.6
1998 0.32 1992.64 0.7 - - - 0.33 1996.71 0.57
1999 0.35 1994.45 0.75 - - - 0.68 1996.3 0.7
2000 0.33 1995.39 0.74 - - - 0.67 1997.16 0.72
2001 0.33 1996.03 0.75 - - - 0.54 1999.13 0.64
2002 0.28 1999.72 0.68 - - - 0.55 1999.77 0.66
2003 0.34 1997.42 0.77 - - - 0.33 1999.19 0.69
2004 0.33 2000.69 0.75 - - - 0.07 1998.91 0.4

(a-1)NAKAMURASS, 1991, JPN JAPPL PHYS PT 2, V30, P1705
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3-6 (2)
(a-2) direct co biblio
. average birth . . average birth . . average birth .
year size density size density size density
year year year
1992 0.22 1990.18 0.69 0.7 1981.61 0.72 0.5 1984.77 0.68
1993 0.27 1991.36 0.68 0.42 1989.91 0.4 0.44 1991.15 0.69
1994 0.28 1992.18 0.7 0.56 1991.66 0.67 0.43 1992.85 0.72
1995 0.36 1993.72 0.75 0.65 1993.02 0.75 0.11 1992.81 0.36
1996 0.32 1994.97 0.68 0.43 1987.63 0.71 0.5 1989.35 0.63
1997 0.3 1995.99 0.67 0.6 1994.91 0.64 0.47 1991.82 0.6
1998 0.12 1996.86 0.52 0.44 1995.04 0.65 0.33 1996.71 0.57
1999 0.35 1997.86 0.72 0.28 1996.25 0.6 0.68 1996.3 0.7
2000 0.32 1998.28 0.71 0.47 1997.94 0.63 0.67 1997.16 0.72
2001 0.33 1996.03 0.75 0.35 1994.62 0.7 0.54 1999.13 0.64
2002 0.31 1999.63 0.77 0.18 1998.58 0.5 0.55 1999.77 0.66
2003 0.2 2000.12 0.74 0.51 1999.41 0.64 0.33 1999.19 0.69
2004 0.31 1998.61 0.76 0.56 2000.21 0.68 0.07 1998.91 0.4

(a-2)NAKAMURAS, 1992, JPN JAPPL PHYS PT 1, V31, P1258
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3-7 3)
(a-3) direct co biblio
. average birth . . average birth . . average birth .
year size density size density size density
year year year
1994 0.28 1992.18 0.7 0.56 1991.66 0.67 0.43 1992.85 0.72
1995 0.36 1993.72 0.75 0.65 1993.02 0.75 0.48 1994.22 0.75
1996 0.32 1994.97 0.68 0.43 1987.63 0.71 0.49 1995.42 0.77
1997 0.3 1995.99 0.67 0.6 1994.91 0.64 0.47 1991.82 0.6
1998 0.22 1996.82 0.65 0.24 1996.59 0.32 0.33 1996.71 0.57
1999 0.21 1997.39 0.68 0.48 1995.79 0.64 0.16 1996.76 0.61
2000 0.23 1998.33 0.66 0.47 1997.94 0.63 0.21 1997.44 0.66
2001 0.33 1996.03 0.75 0.35 1994.62 0.7 0.38 1996.64 0.71
2002 0.28 1999.72 0.68 0.45 1997.09 0.64 0.36 1997.34 0.73
2003 0.09 2000.5 0.55 0.42 1997.26 0.66 0.33 1999.19 0.69
2004 0.31 1998.61 0.76 0.56 2000.21 0.68 0.34 1998.21 0.7

(a-3)NAKAMURA'S, 1994, APPL PHYS LETT, V64, P1687
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3-8 4
(b-1) direct co biblio
. average birth . . average birth . . average birth .

year size density size density size density

year year year
1998 - - - - - - - - -
1999 0.01 1998.72 0.98 0.02 1998.5 0.95 - - -
2000 0.04 1999.56 0.99 0.05 1998.68 0.99 - - -
2001 0.09 2000.21 0.99 0.1 1999.09 0.97 - - -
2002 0.17 2001.15 0.99 0.3 1993.83 0.81 - - -
2003 0.22 2002 0.99 0.22 2000.67 0.95 - - -
2004 0.3 2002.88 0.98 0.31 2001.71 0.95 - - -

(b-1)Watts DJ, 1998, NATURE, V393, P440
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3-9 ()
(b-2) direct co biblio

. average birth . . average birth . . average birth .
year size density size density size density

year year year

1999 0.01 1998.72 0.98 - - - 0.02 1998.8 0.97
2000 0.04 1999.56 0.99 0.05 1998.68 0.99 0.06 1999.18 0.99
2001 0.09 2000.21 0.99 0.1 1999.09 0.97 0.12 1999.85 0.99
2002 0.17 2001.15 0.99 0.3 1993.83 0.81 0.21 2001.24 0.98
2003 0.22 2002 0.99 0.22 2000.67 0.95 0.28 2002.05 0.98
2004 0.3 2002.88 0.98 0.31 2001.71 0.95 0.08 2002.21 0.31

(b-2)Barabasi AL, 1999, SCIENCE, V286, P509
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3-10 (6)
(c-1) direct co biblio
. average birth . . average birth . . average birth .
year size density size density size density
year year year
1991 0.1 1967.97 0.99 - - - 0.26 1987.5 0.97
1992 0.08 1991.6 0.98 0.27 1984.36 0.95 0.1 1991.91 0.95
1993 0.1 1992.56 0.97 0.15 1991.49 0.96 0.12 1992.64 0.97
1994 0.09 1993.19 0.98 0.13 1988.63 0.91 0.11 1993.32 0.99
1995 0.1 1993.83 0.99 0.13 1992.01 0.98 0.11 1994.07 0.97
1996 0.1 1994.54 0.98 0.1 1990.51 0.84 0.13 1994.68 0.98
1997 0.11 1995.25 0.98 0.13 1993.95 0.96 0.14 1995.34 0.99
1998 0.11 1996.05 0.98 0.32 1992.88 0.87 0.14 1996.23 0.98
1999 0.14 1996.92 0.98 0.24 1995.49 0.98 0.01 1994.43 0.55
2000 0.21 1996.98 0.97 0.26 1996.38 0.98 0.13 1997.49 0.9

(c-1)INIMA, S, 1991, NATURE, V354, P56
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3.4.

3-11

(Hopcroft et al., 2004)
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Hopcroft



3-11 3

Research
Domain

Core Paper

Visibility
(Normalized Size)

Speed

(Average Birth Year)

Topological Relevance
(Density)

(a-1) NAKAMURA S, 1991, JPN J APPL
PHYS PT 2, V30, P1705

biblio > co > direct

direct > biblio > co

direct > biblio > co

Gallium a-2) NAKAMURA S, 1992, JPN J APPL . . . . . . -
. (&-2) biblio > direct > co direct > co > biblio direct > biblio > co
Nitride PHYS PT 1, V31, P1258
a-3) NAKAMURA S, 1994, APPL PHYS . . - ) - ]
(a-3) co > biblio > direct biblio > co > direct biblio > direct > co
LETT, V64, P1687
Complex (b-1) Watts DJ, 1998, NATURE, V393, P440 direct co direct co direct > co
b-2) Barabasi AL, 1999, SCIENCE, V286, . o . . . -
Networks (b-2) direct biblio direct biblio direct > biblio
P509
Carbon o . . . . -
Nanotube (c-1) INIMA, S, 1991, NATURE, V354, P56 biblio > direct biblio > direct direct > biblio
u
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cohesiveness

L C (Watts & Strogatz,
1998) L C 2.2.1
3-6 C(rand),
L(rand) L C
C>>C(rand) L L(rand)
C X
X C/C(rand)
L/L(rand)
C/C(rand)
cohesive
C/C(rand)

modurality Qmax

cohesive
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3-6

(a) , (b) , (©)
(direct citation) e (co-citation)

(bibliographic coupling) =

“(b-1)Watts DJ, 1998, NATURE, V393, P440” 1998
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(ex)
B X
A B
(ex)
3
“visibility”

“topological relevance”

(ex)

(ex)

(ex)

(ex) 1

Qmax

“speed”
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4
4.1.
R&D
Davidson
(Davidson et al., 1998)
2
multidimensional scaling (MDS)
(Small, 1977)
self-organizing map (SOM) (Skupin, 2004) pathfinder network (PFNET) (Chen,
1999, 2004)
White 2 PFNET
SOM (White et al., 2004) Morris
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(Morris et al., 2003)

2002; Chen et al., 2002)

4.2.

ISI’s database

4-1

<o

Search

Attributes of papers
&
Citations among papers
{1970-2004)

—.<>_.

Clustering results

(Boyack et al.,

4-1

Topological

Clustering

ISI

100

Calculating
z& P

Roles




4.2.1.

2.4

1994 2000
1995

4.2.2.

2.3.3

early stage

1992 2000
1995

Granovetter

"Weak Tie”
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Strength of Weak Ties
(Granovetter, 1973)



4.2.3.
2.3.4 LGL
4.2.4.
1)
4.2.5.
2.3.6
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2)

2.35



4.3.

4.3.1.

4-2
4-4

4-3

4-2
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4-3

4-4



2000

4-2
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(b-1)

2001

4-3 &)

2004
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(b-2)

2000

2002 2003 A 2004

4-4 2
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1992
2004
4-5(a)
4-5 (a) 1998 1998
1998
2004 3 G1,
G2, G3 2004 Gl 2509
1995.6 G2 2267 1998.2 G3 1525 1998.6
4-6 (a) Gl
Gl
Gl G2,G3
4-1
Gl p-type doping LED
G2, G3
Gl 3
p-type doping
incremental innovation 4-6 (a)
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4-5(b) 1994
2000 4-5(b)
4-6 (b)
3
2004 Cl 1256
1998.3 C3 1099 2002.9
C1 C2

radical innovation
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2004

2004
C1, C2, C3
19957 G2 785
4-2
Cc3
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(a)
(b)
19I96 ]9I98 2060 20&)2 2064
4-6
(a) (b) t
i t+1 i [
] 1710 [ ]
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4-1 (2000 )
cluster # average | Top 10 tf-idf terms Papers (TC(2000)>=150) year | TC(2000)
id papers | age

Gl 2509 | 1995.6 | degrees, growth, | STRIFE S, 1992, J VAC SCI TECHNOL B, V10, P1237 1992 | 837
substrate, films, ga, | NAKAMURA S, 1994, APPL PHYS LETT, V64, P1687 1994 659

gaas, gan, nh, si, | AMANO H, 1989, JPN J APPL PHYS PT 2, V28, PL2112 1989 519

surfaces AMANO H, 1986, APPL PHYS LETT, V48, P353 1986 488

NAKAMURA S, 1991, JPN J APPL PHYS PT 2, V30, PL1705 | 1991 395

AKASAKI I, 1989, J CRYST GROWTH, V98, P209 1989 306

NAKAMURA S, 1992, JPN J APPL PHYS PT 1, V31, P1258 1992 295

DINGLE R, 1971, PHYS REV B, V4, P1211 1971 293

STRITE S, 1991, J VAC SCI TECHNOL B, V9, P1924 1991 217

PAISLEY MJ, 1989, J VAC SCI TECHNOL A, V7, P701 1989 213

NAKAMURA S, 1995, JPN J APPL PHYS PT 2, V34, PL797 1995 198

MONEMAR B, 1974, PHYS REV B, V10, P676 1974 197

POWELL RC, 1993, J APPL PHYS, V73, P189 1993 181

LEI T, 1991, APPL PHYS LETT, V59, P944 1991 172

NAKAMURA S, 1992, JPN J APPL PHYS PT 2, V31, PL139 1992 163

DAVIS RF, 1991, PROC IEEE, V79, P702 1991 163

DINGLE R, 1971, SOLID STATE COMMUN, V9, P175 1971 160

LEI T, 1992, J APPL PHYS, V71, P4933 1992 156
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G2 2267 1998.2 | degrees, contact, | MORKOC H, 1994, J APPL PHYS, V76, P1363 1994 518
gan, al, ni, ga, ti, au, | MOHAMMAD SN, 1995, PROC IEEE, V83, P1306 1995 | 206

physics, american | NEUGEBAUER J, 1994, PHYS REV B, V50, P8067 1994 205

institute OGINO T, 1980, JPN J APPL PHYS, V19, P2395 1980 181

BARKER AS, 1973, PHYS REV B, V7, P743 1973 176

Chichibu S, 1996, APPL PHYS LETT, V69, P4188 1996 172

Bernardini F, 1997, PHYS REV B, V56, P10024 1997 166

G3 1525 | 1998.6 |gan, mg, layers, ga, | Nakamura S, 1996, JPN J APPL PHYS PT 2, V35, PL74 1996 | 500
physics, american | LESTER SD, 1995, APPL PHYS LETT, V66, P1249 1995 285

institute, structures, | NAKAMURA S, 1995, JPN J APPL PHYS PT 2, V34, PL1332 | 1995 236

defects, Nakamura S, 1998, APPL PHYS LETT, V72, P211 1998 180

photoluminescence, | Akasaki I, 1996, ELECTRON LETT, V32, P1105 1996 | 167

strain Usui A, 1997, JPN J APPL PHYS PT 2, V36, PL899 1997 160
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4-2 (2004 )
cluster # average Top 10 tf-idf terms Papers (TC(2004)>=50) year | TC(2004)
id papers| age
Cl 1256 1995.7 | support, women, patients, | BERKMAN LF, 1979, AMER J EPIDEMIOL, V109, P186 | 1979 252
men, health, age, social | TOLSDORF CC, 1976, FAM PROCESS, V15, P407 1976 110
support, friends, studies, | ORTHGOMER K, 1987, J CHRONIC DIS, V40, P949 1987 95
loneliness, mortality MCKINLAY JB, 1973, SOC FORCES, V51, P275 1973 |54
SEEMAN TE, 1988, SOC SCI MED, V26, P737 1988 |51
C2 785 1998.3 | model, women, children, | FREEMAN LC, 1979, SOC NETWORKS, V1, P215 1979 162
groups, patients, paper, | KLOVDAHL AS, 1985, SOC SCI MED, V21, P1203 1985 67
studies, structure, families,
developments, article
C3 1099 |2002.9 |nodes, scale, graphs, | Watts DJ, 1998, NATURE, V393, P440 1998 | 722
model, vertices, proteins, | Barabasi AL, 1999, SCIENCE, V286, P509 1999 | 558
links, distribution, | Albert R, 2002, REV MOD PHYS, V74, P47 2002 | 499
topologies, degree | Strogatz SH, 2001, NATURE, V410, P268 2001 | 299
distributions, connectivity | Albert R, 2000, NATURE, V406, P378 2000 | 248
Jeong H, 2000, NATURE, V407, P651 2000 243
Dorogovtsev SN, 2002, ADVAN PHYS, V51, P1079 2002 210
Barabasi AL, 1999, PHYSICA A, V272, P173 1999 148
Newman MEJ, 2003, SIAM REV, V45, P167 2003 133
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Cohen R, 2000, PHYS REV LETT, V85, P4626 2000 | 119
Newman MEJ, 1999, PHYS REV E, V60, P7332 1999 | 112
Barrat A, 2000, EUR PHYS J B, V13, P547 2000 | 106
Krapivsky PL, 2000, PHYS REV LETT, V85, P4629 2000 | 104
Liljeros F, 2001, NATURE, V411, P907 2001 | 103
Callaway DS, 2000, PHYS REV LETT, V85, P5468 2000 |99
Barthelemy M, 1999, PHYS REV LETT, V82, P3180 1999 |90
Newman MEJ, 2002, PHYS REV LETT, V89 2002 |84
Moore C, 2000, PHYS REV E, V61, P5678 2000 |83
Ravasz E, 2002, SCIENCE, V297, P1551 2002 |78
Cohen R, 2001, PHYS REV LETT, V86, P3682 2001 |71
Kuperman M, 2001, PHYS REV LETT, V86, P2909 2001 |62
Newman MEJ, 1999, PHYS LETT A, V263, P341 1999 |61
Milo R, 2002, SCIENCE, V298, P824 2002 |60
Newman MEJ, 2000, PHYS REV LETT, V84, P3201 2000 |59
Kleinberg JM, 2000, NATURE, V406, P845 2000 |51
Barabasi AL, 2000, PHYSICA A, V281, P69 2000 51
Monasson R, 1999, EUR PHYS J B, V12, P555 1999 50
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4.3.2.
4-7 1992-2000
1994-2004
z-score
P
2000 2004 10
z-score, P

(R2)peripheral nodes (R6) connector hubs
P z-score

maturation stage

(R1)ultra-peripheral nodes
(R5) provincial hubs

(R5) provincial hubs BERKMAN LF, 1979, FREEMAN LC,
1979 (R6) connector
hubs (R5) provincial hubs

P z-score
connecter hub provincial
hub
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(a)
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(@ (b)

4.3.3.
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1998 1999
1999 2000
2000 1999
2000 1999
2000
2000 1998
early stage
28 Qmax= 0.717
cluster size average age

4-8
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cluster size

4-8 (2000 )

4-3 (a) 10 (b) 50
(c)TC(2000)>=30 3
4-9

(@ (b)
(c) TC(2000)>=30
4-3 tf-idf 10
4-3
4-9

"Social, Support or Disease" patients, support, depression,

schizophrenia, clients, mental illness, social support
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8.4 "Social, Network Analysis"
1993.5 social structure ” Social, Support” 1995.1
supports, health, association, smoking and survival ” Social, HIV”

infections through social networks

”Physics, Small-World” 2000
1998.9
Science,
Nature, Physical Review
4-4 Water
Small-World 3
1998 2004 1998
2004
2001
4-9 4-4 2000 4-9

”Social, Network Analysis”
4-4
”Physics, Small-World”

4-2
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25

1999
(b)TC(1999)>=10
3

(@)

4-10

4-4 €)]
(c)year(1999)>=1994

(@)
(b) TC(1999)>=10

(c) year(1999)>=1994

1999

120

2000
”Physics, Small-World”



4-3 (2000 )
cluster # average Top 10 tf-idf terms Papers (TC(2000)>=30) year | TC(2000) | z(2000) | P(2000)
id papers| age
C1 331 1991.6 | patients, supports, | TOLSDORF  CC, 1976, FAM|1976 |102 13.4 0.3
depression, PROCESS, V15, P407
schizophrenia, clients, | MCKINLAY JB, 1973, SOC | 1973 47 5.8 0.2
mental illness, social | FORCES, V51, P275
support, women, child, | HIRSCH BJ, 1979, AMER J|1979 |39 2.9 0.7
families, treatment COMMUN PSYCHOL, V7, P263
C2 322 1993.5 | model, scale, child, | FREEMAN LC, 1979, SOC 1979 |95 13.6 0.3
patients, women, | NETWORKS, V1, P215
structure, families, | BREIGER RL, 1975, J MATH 1975 |39 5.7 0.1
paper, group, | PSYCHOL, V12, P328
development,
relationship
C’3 281 1995.1 | women, men, mortality, | BERKMAN LF, 1979, AMER J| 1979 189 14 0.4
Cl, supports, health, | EPFIDEMIOL, V109, P186
association, age, | ORTHGOMER K, 1987, J CHRONIC | 1987 |43 3.9 0.1
smoking, year, survival | DIS, V40, P949
SEEMAN TE, 1987, AMER J|1987 |36 3.3 0

EPIDEMIOL, V126, P714
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HANSON BS, 1989, AMER J| 1989
EPIDEMIOL, V130, P100

SEEMAN TE, 1988, SOC SCI MED, | 1988

V26, P737
1998.9 | world, dynamics, site, | Watts DJ, 1998, NATURE, V393, | 1998
connectivity, model, | P440

graphs, transition,
phenomena, vertices,
probability, games

1997.1 | HIV, infection, syphilis, | KLOVDAHL AS, 1985, SOC SCI | 1985
risk, HIV infection, drug | MED, V21, P1203
injectors, transmission,
persons, epidemic, HIV
transmission, AIDS

KLOVDAHL AS, 1994, SOC SCI | 1994
MED, V38, P79

1990 & #nodes 50 & TC(2000) 30
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4-4 (1999 )
id # papers | average age | Top 10 tf-idf terms Papers (TC(2000)>=30) year TC(1999) | z(1999) | P(1999)
1 318 1992 model, women, child, | EMIRBAYER WM, 1994, 11994 |10 1.15 0.26
scale, patients, structure, | AMER J SOCIOL, V99, P1411
group, families, paper,
supports, development
2 175 1993.8 child, mother, peers, boys, | CAIRNS RB, 1995, CHILD | 1995 10 2.3 0.14
friendships, students, | DEVELOP, V66, P1330
parents, adolescents,
conflict, girls, friends
3 60 1996.4 HIV, partners, HIV | KLOVDAHL AS, 1994, SOC | 1994 |27 3.36 0.25
infection, drug injectors, | SCI MED, V38, P79
infection,  risk,  sexual | NEAIGUS A, 1994, SOC SCI | 1994 |21 2.17 0.36
abuse, transmission, HIV | MED, V38, P67
risk, mixing, epidemic WOODHOUSE DE, 1994,|1994 |17 2.51 0.09
AIDS, V8, P1331
ROTHENBERG RB, 1995, 1995 |10 1.66 0.12
SOC NETWORKS, V17, P273
4 29 1997.3 world, dynamics, input, | Watts DJ, 1998, NATURE, | 1998 |14 3.68 0
vertices, elements, model, | V393, P440

phenomena, connectivity,
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neural networks, critical
point, CNN

#nodes 25 & TC(1999) 10 & year 1994
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b)

“Social, Support or Disease”
cluster [1991.6]

“Social, Support”
cluster [1995.1]

"Social, General, Labor"

cluster [1995.1]

t

4-9 (2000 )

1990 & #nodes 50
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lopment'

4-10 (1999 )

#nodes 25 & TC(1999) 10 & year 1994
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4.4.

4.4.1.

4-11

connecter hub

provincial hub
1)
2)
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4-11

4.4.2.
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1999 Watts, Barabasi
Watts 1998 Barabasi 1999
1 2
4-12 1999
29 2004 1,099
1999 1997.3
2004 2002.9
4-13

1999
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2004

[29 papers, 1997.3] [1,099 papers, 2002.9]

4-12 1999 2004
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4-13

2004 2004
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2000
2000

1999

p z>2.5, P<0.3
(@)
4-14 4-15
z, P,
#C4’ 1999 #4
Watts
1999 2000
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4-16
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5
5.1.
1) 2)
5-1 S (Braun,
Schubert & Kostoff, 2000) initial stage
early stage
expansion stage
maturation stage decline
stage Maturation stage  decline stage
initial stage
early stage
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number of papers

time
initial stage early stage expansion maturation ; decline stage
. stage Estage
5-1
Harter
3
(Harter, Nisonger, & Weng, 1993) MacRoberts

(MacRoberts & MacRoberts,
1989)
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5-2

variable analysis  network analysis 2

(Scott, 1991) attribute data
variable analysis attribute data
Dalen

(van Dalen & Henkens,
2001; van Dalen & Henkens, 2005)
Upadhye
(Upadhye et al., 2004) Ahmed Watson &
Click DNA (Watson & Crick, 1953) 80%
1) 2)
(Ahmed et al., 2004)

Style of research Source of evidence Type of data Type of analysis
Survey research Questionnaires, h attributes ¢———— Variable

interviews T analysis
Ethnographic Observations Ideational +——— Typological
research 4 analysis
Documentary texts relational 4+——— Network
research y analysis

5-2

network analysis network analysis  relational data
Adams
2
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(Adams, 2005)

Barabaési “preferential
attachment” (Barabasi & Albert, 1999) “preferential
attachment”

Chen
(Chen, 2005) Barabasi
(Barabési et al.,
2002)
2
5.2.
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at t=t+m

Times Cited
until (t+m)

2.3.7
5-3
at =t
h\.\\
| Clustering Centrality |
Eelational | Closeness Centrality |
variables | Betweenness Centrality ‘
| Times Citeduntilt |
Attribute -
variables | Age (the year from the vear published)
iy
5-3

2.3.7

CI[i] i

. 1 ..
cefil Cefl=—ad,
J. 1
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) seri) B.f1= & Sl
s i tIv Sst
CI[i]
B Closeness
Centrality
C Betweenness Centrality
t clustering centrality
closeness centrality betweenness centrality times
cited age CI(t), Cc(t), Be(t), TC(t), Age(t)
A B CORIA, B].
5.3.
5.3.1.

TC(t), Age(t)
t=1992, m 1(t+m=1993)

early stage
stage 1995

TC(t+m)  CI(t), Cc(t), Be(t),
5-4 5-4 (a)
12(t+m=2004)

TC(t+m) TC(t) Bcf(t)
2
1992 1994 expansion
initial stage  early stage COR[TC(t),
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TC(t+m)] m m
COR[TC(t), TC(t+m)] COR[Bc(t) , TC(t+m)] m
5-4 (a) COR[TC(1992), TC(1993)] >
COR[Bc(1992), TC(1993)] COR[TC(1992), TC(2000)] < COR[Bc(1992),
TC(2000)] expansion stage  maturation stage m
COR[TC(t), TC(t+m)] 5-4 (d)
COR[TC(1995), TC(1995+m)] m expansion stage
TC(t) TC(t+m) initial stage
early stage TC(t) m m

Be(t) TC(t+m)

TC(t+m) 3 CI(t), Cc(t), Age(t)
COR[CI(t), TC(t+m)] m
m early stage expansion stage
COR[CI(t), TC(t+m))] COR[Cc(t),
TC(t+m)] COR[TC(t), TC(t+m)]
COR[Cc(t), TC(t+m)] expansion stage early stage
COR[Age(t), TC(t+m)] 2
Early stage m COR[Age(t), TC(t+m)]
m Expansion stage

COR[Age(t), TC(t+m)] m
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