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(ERATO )
: 

ERATO 2010 12 1
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: W1={1,3,5,8}, W2={2,3,4,8,10}
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• : FP W={W1,W2,…WN} 
FP Q

• : FPQ
1-ε FP

}1),(|{IN �	� iN WiQKNi

Q={2,3,8}

W1={1,5,8}         KN(Q,W1)=0.3
W2={1,3,10}       KN(Q,W2)=0.3
W3={1,2,3,8}      KN(Q,W3)=0.9
W4={1,3,8,9,11} KN(Q,W4)=0.5

:1-ε=0.8 W   

( ) 

• FP
FP

Q={2,3,8}

W1={1,5,8}         KN(Q,W1)=0.3
W2={1,3,10}       KN(Q,W2)=0.3
W3={1,2,3,8}               .      
W4={1,3,8,9,11}          . 

W   

• O(nm) (n: FP , m: )

( ) 
• word key, id list value

id word list
W1 1,5,8
W2 1,3
W3 1,2,3,8
W4 1,3,8,9

word id list
1 W1, W2,W3,W4

2 W3
3 W2,W3

8 W3,W4
9 W4

• Q={2,3,8}
word id list
1 W1, W2,W3,W4
2 W3

3 W2,W3
8 W3,W4

9 W4

W3,W2,W3,W3,W4

W2,W3,W3,W3,W4

•
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2
•

{}

{0} {1}

{00} {01} {10} {11}

{000} {001} {010} {011} {100} {101} {110} {111}
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2
•

• v id (id=int(v)+1)

{}

{1}

{00} {01} {10} {11}

1 2 3 4 5 6 7 8
{000} {001} {010} {011} {100} {101} {110} {111}

id

{0}

2
•
• v id (id=int(v)+1)
• v id Iv

[1,8]

[1,4] [5,8]

[1,2] [3,4] [5,6] [7,8]

{}

{0} {1}

{00} {01} {10} {11}

1 2 3 4 5 6 7 8
{000} {001} {010} {011} {100} {101} {110} {111}

id

2
•
• v id (id=int(v)+1)
• v id Iv
• v Iv

[1,8]

[1,4] [5,8]

[1,2] [3,4] [5,6] [7,8]

{}

{0} {1}

{00} {01} {10} {11}

1 2 3 4 5 6 7 8
{000} {001} {010} {011} {100} {101} {110} {111}

id

][][yv jxj iIi v�
��

i:xi
1:1010
2:1100
3:1010
4:0011
5:1000
6:1010
7:0110
8:0010

y:1111

y:1111 y:1110

y:1110 y:1010 y:1000 y:0110

y:1010 y:1100

y:1010

y:0011

y:1000

y:1010

y:0110

y:0010

2
• FPQ

v yv

)Q:0110 k=(1-ε)2|Q|=2
•

[1,8]

[1,4] [5,8]

[1,2] [3,4] [5,6] [7,8]

{}

{0} {1}

{00} {01} {10} {11}

1 2 3 4 5 6 7 8
{000} {001} {010} {011} {100} {101} {110} {111}

|1111∩0110|=2

2
• FPq

)q:0110 k=(1-ε)2|Q|=2
•

[1,8]

[1,4] [5,8]

[1,2] [3,4] [5,6] [7,8]

{}

{0} {1}

{00} {01} {10} {11}

1 2 3 4 5 6 7 8
{000} {001} {010} {011} {100} {101} {110} {111}

|1111∩0110|=2

|1111∩0110|=2

2
• FPq

)q:0110 k=(1-ε)2|Q|=2
•

[1,8]

[1,4] [5,8]

[1,2] [3,4] [5,6] [7,8]

{}

{0} {1}

{00} {01} {10} {11}

1 2 3 4 5 6 7 8
{000} {001} {010} {011} {100} {101} {110} {111}

|1111∩0110|=2

|1111∩0110|=2

|1110∩0110|=2
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2
• FPq

)q:0110 k=(1-ε)2|Q|=2
•

[1,8]

[1,4] [5,8]

[1,2] [3,4] [5,6] [7,8]

{}

{0} {1}

{00} {01} {10} {11}

1 2 3 4 5 6 7 8
{000} {001} {010} {011} {100} {101} {110} {111}

|1111∩0110|=2

|1111∩0110|=2

|1110∩0110|=2

|1010∩0110|=1

2
• FPq

)q:0110 k=(1-ε)2|Q|=2
•

[1,8]

[1,4] [5,8]

[1,2] [3,4] [5,6] [7,8]

{}

{0} {1}

{00} {01} {10} {11}

1 2 3 4 5 6 7 8
{000} {001} {010} {011} {100} {101} {110} {111}

|1111∩0110|=2

|1111∩0110|=2

|1110∩0110|=2

|1010∩0110|=1

|1100∩0110|=1

2
• FPq

)q:0110 k=(1-ε)2|Q|=2
•

[1,8]

[1,4] [5,8]

[1,2] [3,4] [5,6] [7,8]

{}

{0} {1}

{00} {01} {10} {11}

1 2 3 4 5 6 7 8
{000} {001} {010} {011} {100} {101} {110} {111}

|1111∩0110|=2

|1111∩0110|=2

|1110∩0110|=2

|1010∩0110|=1

|1100∩0110|=1

|y:1011∩q:0110|=1

2
• FPq

)q:0110 k=(1-ε)2|Q|=2
•

[1,8]

[1,4] [5,8]

[1,2] [3,4] [5,6] [7,8]

{}

{0} {1}

{00} {01} {10} {11}

1 2 3 4 5 6 7 8
{000} {001} {010} {011} {100} {101} {110} {111}

|1111∩0110|=2

|1111∩0110|=2

|1110∩0110|=2

|1010∩0110|=1

|1100∩0110|=1

|y:1011∩q:0110|=1

|1110∩0110|=2

2
• FPq

)q:0110 k=(1-ε)2|Q|=2
•

[1,8]

[1,4] [5,8]

[1,2] [3,4] [5,6] [7,8]

{}

{0} {1}

{00} {01} {10} {11}

1 2 3 4 5 6 7 8
{000} {001} {010} {011} {100} {101} {110} {111}

|1111∩0110|=2

|1111∩0110|=2

|1110∩0110|=2

|1010∩0110|=1

|1100∩0110|=1

|y:1011∩q:0110|=1

|1110∩0110|=2

|1010∩1110|=1

2
• FPq

)q:0110 k=(1-ε)2|Q|=2
•

[1,8]

[1,4] [5,8]

[1,2] [3,4] [5,6] [7,8]

{}

{0} {1}

{00} {01} {10} {11}

1 2 3 4 5 6 7 8
{000} {001} {010} {011} {100} {101} {110} {111}

|1111∩0110|=2

|1111∩0110|=2

|1110∩0110|=2

|1010∩0110|=1

|1100∩0110|=1

|y:1011∩q:0110|=1

|1110∩0110|=2

|1010∩1110|=1 |y:0110∩q:0110|=2
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2
• FPq

)q:0110 k=(1-ε)2|Q|=2
•

[1,8]

[1,4] [5,8]

[1,2] [3,4] [5,6] [7,8]

{}

{0} {1}

{00} {01} {10} {11}

1 2 3 4 5 6 7 8
{000} {001} {010} {011} {100} {101} {110} {111}

|1111∩0110|=2

|1111∩0110|=2

|1110∩0110|=2

|1010∩0110|=1

|1100∩0110|=1

|y:1011∩q:0110|=1

|1110∩0110|=2

|1010∩1110|=1 |y:0110∩q:0110|=2

|0110∩0110|=2

2
• FPq

)q:0110 k=(1-ε)2|Q|=2
•
• I={7}
•

[1,8]

[1,4] [5,8]

[1,2] [3,4] [5,6] [7,8]

{}

{0} {1}

{00} {01} {10} {11}

1 2 3 4 5 6 7 8
{000} {001} {010} {011} {100} {101} {110} {111}

|1111∩0110|=2

|1111∩0110|=2

|1110∩0110|=2

|1010∩0110|=1

|1100∩0110|=1

|y:1011∩q:0110|=1

|1110∩0110|=2

|1010∩1110|=1 |y:0110∩q:0110|=2

|0110∩0110|=2

|0010∩0110|=1

• : v Iv FP
yv[j]

→
• : O(Mnlogn)
M:
n:FP

:

• Iv id FP yv

Rank

- O(Mnlogn)
O(Nlogn)

n: FP
N: FP �

�

�
n

1i
||N iWi

Rank
• B[1,n]
- Rankc(B,i):B[1…i] c {0,1}

: B=011001110         
Rank1(B,7)=4            
Rank0(B,5)=3              

i 123456789
011001110
011001110
  0  110011

100

• O(1) 0.63
(Vigna, 08)

• v , Iv id
Zvj },1][|{Zvj vi Ivijxi ���

Aroot 2 8 13 15 4 9 13 8 10 16 1 3 11 3 7 12 14 4 9 13 14

1 2 3 4 5 6word
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• v , Iv id
Zvj

• v Zvj Av
},1][|{Zvj vi Iijxi ���

Aroot 2 8 13 15 4 9 13 8 10 16 1 3 11 3 7 12 14 4 9 13 14

1 2 3 4 5 6word

• v , Iv id
Zvj

• v Zvj Av
• id

},1][|{Zvj vi Iijxi ���

Aroot 2 8 13 15 4 9 13 8 10 16 1 3 11 3 7 12 14 4 9 13 14

1 2 3 4 5 6word

Aright 13 15 9 13 10 16 11 12 14 9 13 14Aleft 2 8 4 8 1 3 3 7 4

id 8 id>8

• Av Zvj Cv[j]

Aroot 2 8 13 15 4 9 13 8 10 16 1 3 11 3 7 12 14 4 9 13 14

1 2 3 4 5 6word

Aright 13 15 9 13 10 16 11 12 14 9 13 14Aleft 2 8 4 8 1 3 3 7 4

1 5 8 11 14 18

1

Croot

Cleft 3 4 5 7 9 1 3 5 7 8 10Cright

• Av Zvj Cv[j]
• Q={q1,q2,…,qm} qj

Iv=[svj,tvj]=[Cv[j], Cv[j+1]-1] (j Q)
• svj>tvj

Aroot 2 8 13 15 4 9 13 8 10 16 1 3 11 3 7 12 14 4 9 13 14

1 2 3 4 5 6word

Aright 13 15 9 13 10 16 11 12 14 9 13 14Aleft 2 8 4 8 1 3 3 7 4

1 5 8 11 14 18

1

Croot

Cleft 3 4 5 7 9 1 3 5 7 8 10Cright

• Av Zvj Cv[j]
• Q={q1,q2,…,qm} qj

Iv=[svj,tvj]=[Cv[j], Cv[j+1]-1]
• svj>tvj

: [sroot,1,troot,1]=[Croot[1],Croot[2]-1]=[1,5-1]=[1,4]
• v Iv Q

Aroot 2 8 13 15 4 9 13 8 10 16 1 3 11 3 7 12 14 4 9 13 14

1 2 3 4 5 6word

Aright 13 15 9 13 10 16 11 12 14 9 13 14Aleft 2 8 4 8 1 3 3 7 4

1 5 8 11 14 18

1

Croot

Cleft 3 4 5 7 9 1 3 5 7 8 10Cright

v

1
�

�



m

1j
][ jj stI

(Grossi et al., SODA’03)
• v Cv[j]=[svj,tvj]

Av
→ Rank

 473



(Grossi et al., SODA’03)
• v Cv[j]=[svj,tvj]

Av
→ Rank
• bv[k]: Av k

0 , 

Aroot 2 813 15 4 913 8 10 16 1 3 11 3 7 12 14 4 9 13 14
broot 0 0 1 1 0 1 1 0 1 1 0 0 1 0 0 1 1 0 1 1 1

Aleft 2 8 4 8 1 3 3 7 4
bleft 0 1 0 1 0 0 0 1 0

Aright 13 15 9 13 10 16 11 12 14 9 13 14
bright 1 1 0 1 0 1 0 0 0 0 1 1

� �
� ��

�
��

�
�� ��

�

�

2/)'(][0
2/)'(][1

][
iikA
iikA

kb
vA
vA

vbb

(Grossi et al., SODA’03)
• v left(v), right(v)

[sleft(v),j,tleft(v),j],[sright(v),j,tright(v),j] bv rank

) Iroot=[1,4] / Ileft,Ichild

Ileft=[rank0(bv,0),rank1(bv,1)]=[1,2] 
Iright=[rank1(bv,1),rank1(bv,1)]=[1,2]

)],(,1)1,([

)],(,1)1,([

1),(1),(

0),(0),(

vjvjvright((vjvjvright((

vjvjvleftvjvjvleft

tbvrank1tsbvrank1s
tbvrank0tsbvrank0s

����

����

Aroot 2 813 15 4 913 8 10 16 1 3 11 3 7 12 14 4 9 13 14
broot 0 0 1 1 0 1 1 0 1 1 0 0 1 0 0 1 1 0 1 1 1

Aleft 2 8 4 8 1 3 3 7 4
bleft 0 1 0 1 0 0 0 1 0

Aright 13 15 9 13 10 16 11 12 14 9 13 14
bright 1 1 0 1 0 1 0 0 0 0 1 1

Lemma 
If                         then

�

�	1),( WQKN

2
2

)1(
||||||)1(

�
���

QWQ

: FPQ={W1,W2,…,Wm}
i)v=root

[srootj,trootj]=[Croot[j], Croot[j+1]-1](j Q)
ii)v≠root

iii)v= lemma

(ii)

),(
1)1,(

),(
1)1,(

1),(

1),(

0),(

0),(

vjvjvright((

vjvjvright((

vjvjvleft

vjvjvleft

tbvrank1t
sbvrank1s
tbvrank0t
sbvrank0s

�

���

�

���

kstI jj �
�
�

m

1j
][

• PubChem 25,000,000

• Weisfeiler and Lehman Kernel 
(NIPS,2009)

•

(4,8,12,16,20,…)
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Rank

•

•
• 25,000,000

• Top-k
•
-
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