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An Indexing Method for Graphs Based on Eigenvalues Using Interval-tree
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Abstract Graph is widely applied in various fields like not only informatics but also chemistry and biology, etc. It is impor-
tant to find out the graphs which contain the input subgraph quickly in graph database. A huge computational cost is needed for
the subgraph isomorphism problem as it belongs to NP-complete. Removing the graphs don'’t contain input graph by another
costless method is effective. The Cauchy’s interlace theorem which shows the relation of subgraph isomorphism because of
the eigenvalues in the graph is known for the problem. This theorem can be removed graphs don't contain the input graph as
subgraph in graph set. We propose an indexing method using a geometrical data structure Interval-tree by using this interlace
theorem. We also evaluate our proposition.

Key words Subgraph Isomorphism, Interlace Theorem, Interval-tree

000[QO0DD000ONnn
0000000000000000000000000000

1. 0000

000000000000 00000000000000
000000000000000000000000O0O0OO
0000000000000000000000000000
00000012800 0000000000000000
00000000000000O0O0O0O0O0O0O0000000O
00000000000000O0O0O0O0O0O000000000
0000000000000O0O0O0O000000000000
000000000000O00O0O0O0O00000000000
00000000000000000000000 80000

oo0OONPOOOODOODOOODOODDOOOODOOOODO
0000000000000 oO00OU0o0DoOnnOMesssmer[4]
goboooboooooboooooboooooooobooooobooOoo
gobooooooobooboooooooobooooboooooo

goooooboooooooboooooooobooooo
000000000 00oooooO0oO0oo0oOg Cauchyd O
oooooOoO([7looO0o000O0O0D0OoODOoOOODOODOO
goboboooodoooboooooboooooOooobooooboooo
oo0oUoOo0ooo[oooooooooooooooooo



goooooboodoobooboooooooooobooooboooo
gooooooooobooooooooooobooooboobooo
gbooooboooooooobooboooooooboooboooo
gooooobooboooboboooboooboooboooboobooo
gboo,0boocoobocooobobooocoooboboooboo
gooooooobobobobooooooboobooboooo
goooooboooooboocooooooooobooooboooon
goooooooobooooooooooobooooooaoo
goooooboooobooooooooooobooooboooon
gbooooboobooobobooooboooooooboooooOoo
goooooooobooooon

2. 0000OO0OOO0OOO0ODO

2.1 0000000000000

0000000000 VOOOOOO ED0O0DOO 10
000D0D000000D000000 G=(V,E)00000G
000 wweGOOO000000000000000000
00000000000000000V x VOODOOO AO
(v,v) 0000000000000000000O000O0 GO
0000000000000000000000000000
000D00D0D000000D0000000000000000
000 10000001000 200000000000 A
0 (1,2)000 (2,1)000 « 0000001000 4000
0000000000000000000 AOD (1,4000
(4,1)000 0000D000000000000000000
000000000000

02 000 GOOoooooo H

01 000G

N Q
o

D)

o o Q@ =
o
w

= Q. O O

—_

a b
H=|a 2 ¢ 2
c 3

000 Go0o0O00000000 HOO 200000000
000000 (2Uooooo0o0o0o0D0 HOOOOO Go
goooooooobooooobooooooobooooogoo
goooooobooboooooooooboooobocooboDboo
000000000 HOOOO GOoOooooooooooo

ooooo GoooOoOoOoOoOoOoOoOo 3ppooooooo
gooooboboobobobooboooooboooboobooboo
0o0o00ooooo0 Gooooo L2,300000000000
gooooo cO0O0O0O0O0OO0DODO

03 000 Goooooooooooooooooooon X

[« R GRS

b
0 (3)
3

o

o0oo0o 200000000000 HOOOOOOOO
O0000 GooOoooo (Principal Submatrixp 00000
300000000000 (@ 8)0D00000 Goooono
gooooooooooobobobobobobobooboo
gooooooooooobobobobobobooboooboog
0000000160

goboboooobooboboobobooobobooboboooobooob
gooooooooooobooboboboboboboooo
gooooobooo

2.2 CauchyDOOGQOGQOOOO

goooooooooboboboboobobobooooo
0000 GO0O00000000O0O0 CauchyDOOOOOOO
00000nx nO0O0O0O0O AO

H B
A= 4)
B* U
HOmx mO AOOODOQOO (principal submatrix) O O O

mOnO00000000 AQD HOOOOOODOODOOOOOO
oo

Azi=zicvOd i=1,...,n, a1 < as << ap, 5)
Hyzzyﬂ,[lzzl,,m, 01§02§§0m7
gooooooooa
akéakgakﬂ»(n—m% k:]-a"'7m3 (6)

goooooooOOoOoooOooooO ADODOOOOOO0O00
o0o0ooc000 AFOO0OOOO0O0O0DOOO0O0O0oO0O000O0
oooOoo0o0ooOo00ooo0o0oooonDAOO0OOO
000 HOOOOOOOOOOOoOoOoOOoOoooOoOoooo
o000 (e UoUoU0o0 GUooUoUoUOoooooa
goooooooooooooobooobooooooooooo
ooooO0o0o0o0ooooooO (e)Dooooo0ooooooo
00 AOOO0O0O0 HOOOOOOOOOOoOoooooooo
goooooocooo



3. DOoooooo

3.1 00000000000

000000000000000 CauchyDOOOOOOO
0(@ (6)00000000000000000000000
0000000000000000000000000000
00000000000000000000000000 QO

goboooboooooooboooooboooboooooooboo

000000000 Qbooooooooooooooooon
goooooboobodooobooooobooooooobobooooooo
goooooooooboooooooooooobooooboooon
goooooboooooboooooooooooboooooboooo
ooooo0oooO00 oooooooooooooooo
gbooooboooooooobooooooooobooooooo
00000 »000000000 OR)OOODOOOOODO
gooooboobooobooooboooooobooooooo
0o00odoObO0o0ooooooooooooogooooo
goooooooooboooooboooooOoooboooooboooo
goooooooobooooooooooobooooooaoo
goooobooobooooboocoooo

3.2 0000

gooooooooooooobooooooobooooobooo
gbobodobooooooboooboooboobooboooooo
goooobooooooooooooooboobooooboooo
gboooooboooooboobooooooooa

goooooooooooooboooooooooooooo
gboooobooooooobooooooo

queryl

+ G1

G2

G3
G4

G5

—— ] ——_—————_—_—

G6

04 00O0OO0O0O0OOO0ODOCOOOOOOOOOOO0COOOO0O000O0

040050000000000000000000000
0000D0000000000 G,i=1~60000000
00000000000 QUOOO00000O000000O00
00000000 QOOO0 ¢ 000000000 i=10
000 queryl 0000000000000 0OCauchyd 000
00000 (000000 a1 <61 a1 (nm), 00000
00000000000 QOO0000000D0000000
0000000000 G;0000000000 queryl OO
000000000 40000000000 QOO0O0OO0OO
0000000 queryl 000000000000 00000

query?2

Gl

G2

G3
G4,

G5

G6

e —————_— - —— =

05 JoooooooooooooooooooooooooOooo

i

query/"—\

G4

|
|
|
|
|
|
|
|
|
I
|
|
|
\J

——— ] ————— ——— —
——— e —— e ——— — — —
——— ] ——— —— — — — —

|
|
|
|
|
|
|
|
|
I
|
|
|
\J

——— e — e —— — — —
——— ] ——_————————

06 O00O0OOOOO0OOOOOOOOCOOOOOOOO0O0O

00000O0000000000000000 G40 GsOO
000000 2000000000000000000000
0000001000000000 200000000000
0000000000000 5000000000 Q0000
006;,0i=mmO000)0000 query2000000
000000000 1000000000000 G40 Gs O
0000D0D00000002000 query200 G10Gs0 Gy
0 GeOOODO0O0DOOOOD 4000000000000
000000001000 20000000000000 G
00000000000000 QUOOOOO00O00OOO
000000 G,00000000000000000000
00 20000000000000000000 QOOOO
000000000000O0O0O0O0O000000000000
0020000000000000000000000000
000000 60000000000000OOOOOOOO
00000000000040,000 m200000000
000000000000000000 0000000000
0000000000000 0.00000000000000
0000000000000000000000000000
0000000000000000000000000000
000000000000O0000000000000000
000000000000O0O0O0O0O000000000000
0000000000000000000000000000
000000000000O0O0O0O0O000000000000
0000000000000000000000000000



gooooooooooooo

1.00000000000 ¢pe@OUOOO0D0O00DOOODOOO
200000000000000000

3.0000 G,qOOooooooooooooooooono
4.000000000000000 100000000000
5. 0000000000000 60, eUDOOOODOOOOO
ooo

6.00000000000O0OO0ODOO

7.0000 G;y 0000000000000 DO0ODO0O0O0

s. 0000000000000 O0OOO0OO00O0BOO0O00O0
oo oooooooooooo

0.0000000000000 QLOOODOODOO
gooooooooooOoo0oD QUuUubooOo m—200
00 Giw00000000000o00000o00o0
lo.000000 QOOO0ODOOO0 0, eQRODOOOODO
0oooooooooobooooooooooboooog

07 0O0O0O0OO0OO0OO0OOOOOOOOOO

goooooooooboooooboooooooboooboobooo
gooooooooboocooo

3.3 0D00OOoooo
000o0oooooooooobooooooooo 2000
gooooobooooboobooooboooooooboooooooo
goooooooooboooooooooooboooooboobooon
goooooboodoooboooooooooooboooooooo
goooobooooooooboooooooooobooooooo
000000000000o0o0o0oeoooooO0O0OoOoon
goooooooobooooobooooooobooooboobooo
gbooooboooooo
gooooooooboooooboboooobooobooooobooo
goooooboooobooooobooooooobooooboooo
goooooooobooooooooooobooooooaoo
gooooobooooobooooobooooooobooooboooon
goooooooobobooooooooooboooooaoo
gooooooooobooooobooooooobooooboooon
gbooobodoooboooboobooooboooooooobooooooo
goooog

3.4 000O0OO0OO0OOOOOOOO
gooooooooooooooooo7oooOO
gobooooooooooooboOooooooboOooooDooo
gooooooooobooooooooooobooooboobooo
gboooooooooboobooboobooboooOooobooobooo
goooooooooboooooooooooboooboobooo
gooooobood

4. 0 OO0

4.1 OOOOOOOOO
goooooooooooooooooooobooooobooo
goooooboodoobooooobooooooobooooboooo
gooooooooobooooooooooobooooboobooo

O Messmer40 000000000000 OOOOOODOO
00000000000o0oD00000oogoooo Ulmann[5]
goooooooooboobobobobobobobooobog
00000 NauwylibraryOOOOOQOQOGQOGOoOOoOoooooQg
0000000000000 VFelODODODODOOOOODO
ggobobooobooobobuooobboobbboooobo
gobooboobooboboobooboobobooboobo
goooboboboboooboboboobooboboobg
gooooooooooobooboboboboboboooboo
gooooooo

4.2 J00OO0O0OO0OOOOOO

gjooooooooooobobobbboooouooo
gooo0oo0oo0o0o0ooooobbobbbboboooooog
00000000oooog Kd-tree[11]0 quad-tree [12]0 O
O0OKd-treeDOOOODOODOODO0OOOOOOOOOOOO
quad-tred 1 0000000000000 OOOOOODOOO
opooooobbooobbooobbooobbooooo
00 R-tree[13]0 R*tree[14]0000R*tree0000OCO0O
gooooooooooboUobooU0bOUOR-treed OO
ooooooooo MBR)OODODOOODOOOOOOOOO
goooooboobbbboooooooooboobobbobobog
goboobooboobobooobooboobooboobobo
gooboooooooboobobobobobobooboonog
X-tree[15]0 000

RtreeD000OO0O0ODOOOOOODOOOOOOOOOODO
goooooobo0oobooobobooobooooboobooboog
goooooooooooboboboboboboobooobog
goooooooooooboobobobobobooboooboog
goooooooboooobobobobobobobooobog
pgoboboobobooobobuooobboobbbooooboo
gooooobobobobooooboooboboboog
gooboooooooooboboboboboboboobo
goooooooooooboobobobobobooboooboo
gooooooog

5. Jbobobuoboboboo

O00oU0oO0o0ooO0oUooOoUoOoOooo[Iooboooo
goboocoooooboooooboooooOooobooooboooo
goobooooooooooobooooooobooooboooo
goboboooboooooboooooboooooOoooobooooboooo
gooooboooooooobooooboboboooooooDboo
gobobooooooboooooboooooOooobooooboooo
goobogoooooooooooooboobooooboobooo
gobooooooooboooooboooooOoooobooooobooOoo
oo0oo0o0ooOoooOoUoOoUooUooOoOo (B)ooooo
goboooboooooooboooooo

51 0000000

goboooooooooooobobooooboobooooboooooo
goooooocooo

e [IO0O0OOODOOODOOIDOODO



e (000 —-l0000COOO

goooibooooO00oOooococOoO0ooooooooo
goooooboooooboocooooooooobooooboooo
goooooooooooooooooooboooboobooo
oo0o0oo0oooo0oooOOooooOoDO GeOOOOo
gooooooooboooooboooooooboooboobooo
goboooobooooooooboooooo

[-0.5,0.0] [-0.5,0.0]
G_id=2 G_id=2
[0.0,0.0] [0.0,0.0]
G_id=2 - G_id=2
[0.0,0.0] n=5
G_id=2 [0.0,0.3]
[0.0,0.0] G_id=2
G_id=2

[0.0,0.0]

G_id=2 /f\\
[0.0,0.0]

G_id=2

[0.0,0.3]

G_id=2

08 D0OOOOOOoooOoOoOooooOIDOOO

gobooooooooboooooboooooooooooobooo
goooooooooooooboobooboon0 —10000
gooooobooooobooooooooooobooooboooo
goooooooooboooooooooooboooboobooo
goooooboooooboooooboooooOooobooooobooon
goooooooobobooooooooooboooooaoo
gooooobooooobooooobooooooobooooboooon
oot0O0O —-100000O0O0O0O0C0OCOCOOOODOO
goooooooooboooooooooooboooooboooon
oo0o0ooooooo0oo0oooO0 GeO0O0ooooooo
gooooooooobooooooooooobooooboobooo
gobooobooooooooocoooo

08fj0o0oUiooOooopoUOoooUoooUoooooooo
gooooobOObO —-100000C0O0DOOO0CODOODOOO
goooOoooo 8fpooUfoodiObOOooOoOoOoOoOooOOO
ootoobOOoOOboOobOOobOOOoOOobOOOoOOobOObOOODO
goooooooobooooooooooobooooooaoo
goooooooobooooooooooobooobooon
goooooooooobogo

gobooooooooooo s00o0o00o0oo0oooo
gobooooobool10oo0ooooooooo0 n=500
gooooooooobooooobooooooobooooboooo
gooooobooooobooooooooooobooooboooo
gooooooooooooooobobooooo

5.2 000000

gooobooooooboooo Ioobbooooobo

000 ¢0D0000000O0OO0OOOOOOODOO0I =
[x1, 2], [x2, 2b], ..., |zn,2,]) 00 000000000000
000000 /000000000000000000000
0000000 (@QO000)0000000000 XO00O
00000000000000000 000000000
0000 2000000000 nO000000000000
00000000 XO0OOO0O00O000000ooo0ooo
0000000000000000000 XO00 Xmie0OO
0000 Ix 0000000000 X0O0O0OOOOoo X OO
00000000 L 0000000000 XO000000O
0 XO00O00O00O0000 Iy, 000000000000
0000000000000000000000000000
00000000000000O00O0O0 90000

~

]
[
1
I
1
i
|
1
|
|
I
1
|
I
I
!

/

I

\
|
|
|
1
\

\

N PSP Ry Ry Spugupn, ApRpiys Rylpuyiyguys PRy
|_|
X

Ileft I right

09 OoooOoOoo

000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
000000000000000000000000000
0000000000 ¢0000 X00000000000
00000 XO0OOOOOOO0O0O0O000000000000
[zj,2}] € Ix 0000 ¢0000000000000 2;0 g
000000000000000000000000 ¢q000
00000D00000000000000000000000
0000000000000

e /=000000000000000000000

e 0000D0DO0OO0OOO0DO0OOOD XpmiedOOD

Ileft = [CI:'J,.’L';] S I|$;|:| Xomid
Imia = [z, 7)) € Ilf £ Xpmia < @ (7)

I”th = [l’j,i';‘] € I|szd|] Zj

oooooooooobooonD X, ODOOODOOO XO0O0O0O0



ConstructintervalTred(

1.00 700000

20000000000
.0000000000vogg
Jo00doooooopoDooun X, ooooo
goovOogooo

4.000000 Ix OOOO0OIx 0OO0O0O 200
0000000 Lijese O Lypjgne 00000
5.00000000 le(v) =ConstructintervalTred{. ¢+)
6.00000000 rc(v) =ConstructintervalTred(.;4p)
7.00000 v0O0O0O

010 OO0oooooooooo

QuerylintervalTree(, q)

1.00vO00000000O0O

2.000 ¢O0 X,,q000

3.00000 v00000000 Ly 00OOO00OODO

000 ¢O0DbO0O0ODbOoOoboOobooon

400 ¢g00OO00000OO0ODODODOOOOO

5.0 0 QuerylntervalTrede(v), q)

6.000 ¢gO0 X,,q000

7.00000 v00000000 Ly, 00000000
oo0d ¢UObOooboobooooon

8.00 ¢qUODDOODDOOUOOUODDDODDODOD

9.0 O QuerylntervalTree(c(v), q)

10.000 g=Xniq 00O

11.00000 v 00000000 Lygn 00000000
gdb qOboobooboobooo

12.00 ¢gUO000O0O0O0O0OODOOO

00 QueryintervalTree( 00 00O

011 0000000000000 o

- 0ooo I,O0000000000000000000
ooooooooo L, 0000000000000D0OO
000000 Lugne 00D0DODO

- 000 X00000000 Ly 0000000000

- 000 XOO00O0O0000 Ly, O0oOOO0O0O00000
0i1000000000000000000O0

5.3 DO0OOOOoooooO

gobooooboooobo gbboobooooboooobooo
gooooooooboooooooooooboooooao
goooooboooooboooooooooooobooooboobooon
goooooboooobooooooooooobooooboogoo
goooooooooboooooooooooboooobooon
oooooo0oooboOo0o001oo0oo00oo0ooobooooon
gooooo

54 0000O0OO0OO0OOOOOO

gooooooooooooobooooobooooooooo
000000000 QOOoO000OooooOO00 QUoOoD
00000000000 Gooooooooooo

oo0o0oooo0o0oooOo0o0o GUooooooooIbo

00 GyOOOOOO0O0DO0000000000000000
00000000000000 V;000000000000
0Y,(Vi-1)D000000 Y,(Vi-1)000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00 D000 GwOOOOOOD00000000000
5.5 000000000000

00000D0000000000000000000000
0000000000000000000000000000
0000000 log(n) D00 O(log(n)) 0000000000
0000000000000000000 O(1+&,) 00000
k, 0J00000000000000000000000000
000k, 0000000k000000000000000
000 O(log(n)+ k) 0000000000000000000O
0000000000000000000000000000
0000000000000000000000000000
00000D0D000000D0000000000000000
k>1000000000000O0K)0000000000
5.6 D00D000O0DO0O0DOO

000000000000000000000000000
00000000000000000000000-00000
O(nlog(n)) 00000000000000000 O(nlog(n))
000000000000

6. 0OD0O0ODO

gobogoooooooooobbooobboooobooooo
gobooooboooooboooooboooooOoooboooooboooo
gobobooooooooooobooooobooobooooboobooo
ooooooooooooooOooobooOooooos000
goooooooooogo

6.1 0000

Pentium(R)41 0000 3GHZI O OO 1GBIOSO O O Win-
dowsXPOOOOO PCOODOOOOODOODODOODOOOOO
coooooooooooooooooooboboboooooo
gobooooooooboooooboooobooboooooo

6.2 0000000

012000000000000 (1000)00oOoOoOoooO
gobooooooooboooooooooOooooboooobooOoo
oooooooooco0oO0oooooooooOoOoooo 100
oooooilioooooo0O0O0O000000O0O0DODOO0OOO
goboboooooobooooooooooobooooooaoo
0000000000000000000000000 200
gobooooooboooobooooobooooooooogoo
000000ooooooooooo 1oooooboooooo
gobooooooboooooboooooooooooobooOoo
goooooooooooooooooboooboobooooboobooo
goboboooooooooooboooobooobooooboooo
goboooooooooooboooooooobooooboooo



1600 1600 [
Pr ——
1400 | o7 /d 1400 |
e
e
1200 # 1200
] / —
2 1000 | 4 2 1000
& / BEMLEDE|E ! ——
m / - -8 m e
# 800 / e ¥ 800 . Ef%ia}a)mﬁ
& , —w—REFE B , -+« -REFH&
2 600 - = 600
400 400
200 200
0 0
0 100 200 300 400 500 0 100 200 300 400 500
TIODIERH J57DTERE

012 JO0O0O0O0OO00O00DO 10000000 10000000000
gooooooooooooo

01 0000000000 10000000 1000000000

013

ooooD 0000000000 bbOOo0O0DOOObDbOOO
ooooooooooooo

0D00D0000000000000000000 1600 .
00000 |000000 [us]| 00000000 [us]| 000000 1400 ,/’/

60 11 30 0 1200 L

80 13 40 0 = 1000 el

100 62 52 0 i L - BN AEDE

110 174 99 1 £ 800 el —=— RRFA

120 234 121 5 & 600

200 1167 326 125 400

300 1480 1124 488 200

400 1398 1459 892
5 0

10000 12000

2000

4000

6000 8000

gooooooooobooooooooooobobooobobooo
goooooboooooboooooboooooooboooboooo
000000000o0ooooooooopopoooo 400000
0000000000000 eooooooooooooon
gooooooooboooooooooooboooooaoo
gboooooooooooboooobooocoooocoooooo
gboooobooooooooooooooboooooo
011B0o00000ooo0ooooooooooogoooo
goooooboodoooboooooooooooboooooooo
goooooboooobooooooooooobooobooon
loo000O0O0O0O 2000000000000000 10000
gooooooooobooooobooooooobooobooo
gooooOoOoobO 1000000000000 O000b00OOO
gooooooooobooooooooboooobooooooo
0140000000000000C000O0DCOOGOOODOO
goooooooooboooooooooooboooboobooo
Ooo00 10000 100000 00C0COO0OODOOOOOODOOOOO
poso00000000000D0OOOOOOODOOODOO
o0ooooo0oooooOo40000000000000O0O
goooooboooobooooooooooobooooooOoo
gooooooooobooooooooooobooobooon
gooooobooooboooooooooooboooobooOoo

T8

014 0000000000 40000000000000 50000
goooooooooooooo

gobooooooobooooooooooooboooooboooo
goboboooooooboooooboooooOoobooOooboooo
gooooooooooooooooboooobobooooooo

1200

1000 + ot
— 800 —
= - /'
o P
¥ 600 e
R 400 t -7
o  BEELahY
/‘ —a— iz ;
w | . REF %
A
0 1 1 1 1 1 |
0 2000 4000 6000 8000 10000 12000
TI37%

015 ODO00OO0O0OO0Ooooo scooooooooooo scooon

gooooooooooooo



0150000000000005000000 140000
gooooooooobooooobooooooobooooboobooo
o0o0ooOo0oo000O0O0 140000000000000O0AO
goooooooooooooooooboooboooboobooo
gooooobooooobooooooooooobooooboooo
140000 40000000000000000O0O0DODOO
gooooobooooobooooobooooooobooooboooon
gooooooooboooooooooooboooooao
goooobOooooooobooooooooboooooboooon
goooooboodooobooooooooooobooooooOoo
oood

01400 15000000000000000000C0O0O
goooooooooooooooooooboooboooo
goooooboooooboocooooooooobooooboooo
gooooooooobooooobooooooobooooboooo
gooobooooooobooboboboooOoOooboobooobobooo
goooooooooboooooooooooboooboobooo
good

gooooooooboooooooooooooooood
goooooboooobooooobooooooobooooobooon
gooooboooooooobooooooobooooogoo
goooooooooboooooboooooooboooboobooo
gooooooooboooooboooooooboooooboooo
gooooobooooobooooooooooobooooboooo
goooooboodoobooooobooooooobooooboooo
gooooboooooooboooooooooboooooo
goooooooboooooooboooooooboooboooo
gooooooooobooooooooooobooooboooo
gooooo

7. DO0OO0OOODo

goooooooooooooooooooooooood
gooooobooooboooooboooooooboooooboooon
goooooboobodooobooboooobooooooobobooooboooo
goooobooooooooooooobooboooboooo
goooooboooobooooooooooobooooooo
goooooooooboooooboooooooobooooboobooo
goooooboooobooooobooooooobooooboooo
gooooooooobooooooooooobooooboooo
gooooobooooobooooooooooobooooboooo
gooooooooobooooooboboooobooooooo

gobooooooooooooooooooobooboooooon
goooooooooooooboooooooboooboobooo
goooooboooooboooooooooooboooobooOoon
goooobooooboooood

gooooooooooooooooooobooooobooo
goooooboobooobooooooooooobooooooOoo
gooooo

U0 ooobooooooboooobooboooobOoooOooOoooobood
gooooboooooooboooooooboooooobooo

0000000000000000000000000000
00000000(@)000000000000000000
0 (B)(2)(0 O 0 0:16300030)1 0 0 O

(1]

(2]
(3]
(4]

(3]
(6]

(8]
(9]

(10]
[11]
(12]

[13]

[14]

[15]

[16]

O O

H. Berman, J. Westbrook, Z. Feng, G. Gilliland, T. Bhat, H.Weissig,
I. Shindyalob, and P. Bourne. The protein data bank. "Nucleic Acids
Research”, 2000

National Library of Medichine
http://chem.sis.nlm.nih.gov/chemidplus

Xifeng Yan, Philip S. Yu, Jiawei Han,”Substructure Similarity Search
in Graph Databases”, SIGMOD 2005 June 14-16,USA, 2001

Bruno T. Messmer and Horst Bunke, "Efficient Subgraph Isomor-
phism Detection: A Decomposition Approach”, IEEE Trans. On
Knowledge and Data Eng., 12(2), 2000

J.R. Ullmann, "An Algorithm for Subgraph Isomorphism”, J.Assoc
for computing Machinery, vol.23, pp.32-42, 1976

Luigi.P. Cordella, Pasquale. Foggia, Carlo. Sansone, Mario, Vento,
"A (Sub)graph Isomorphism Algorithm for Matching Large Graphs”,
IEEE Trans. on PATTERN ANALYSIS AND MACHINE INTELLI-
GENCE, vol.26, no.10, pp.1367-1372, 2004

Beresford N. Parlett, "The Symmetric Eigenvalue Problem”, siam,
1997

E. Petraki and C. Faloutsos, "Similarity searching in medical image
detabases” ,Knowledge and Data Engineering, 9(3):435-447,1997
S. Beretti, A. Bimbo, and E. Vicario, "Efficient matching and in-
dexing of graph models in content based retrieval”, IEEE Trans. on
Pattern Analysis and Machine Intelligence, 23:1089-1105, 2001
M.oooo,Mm.ooooooooo,Mm.ooooooo,o.o00
gooooo,"0ooooooogooogr, 0oooo,2001

J. L. Bently, "Multidimensional binary search trees used for associa-
tive searching”, Commun.ACM,1975

R. A. Finkel, J. L. Bentley, "Quad trees: a data structure for retrieval
on composite keys”, Acta Inform., 4:1-9,1974

Guttman A., "R-trees: A Dynamic Index Structure for Spatial
Searching”, Proc.ACM SIGMOD Int. Conf. on Management of Data,
pp.47-57,1984

Beckmann N., Kriegel H.-P., Schneider R., Seeger B., "The R*-tree:
An Efficient and Tobust Access Method for Points and Rectangles”,
Proc.ACM SIGMOD Int. Conf. On Management of Data, pp322—
331,1990

Stefan Berchtold, Daniel A. Kein, Hans-Peter Kriegel, "The X-tree:
An Index Structure for High-Dimensional Data”, Proc. 22th Conf. on
VLDB,1996
gooo,000,000,’0000D000000000000
0000000000 Interlacel D000, 00000000

0 170000000000000 DEWS2006,2006.3



