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(2015)

2.

2.1 LCStr, LCS

2.1.1

s = 〈s1, . . . , sm〉, t = 〈t1, . . . , tm〉 (character)
(morpheme)

(string) (char-
acter) (character-based string)
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(morpheme) (morpheme-based)
(substring)

n n-gram s i
n-gram si,...,i−n+1

(subsequence)
p p-mer s p-mer
�i = 〈i1, . . . , ip〉(1 ≤ i1 < i2 < · · · < ip ≤ |s|) s[�i]

2.1.2 (Longest Common String: LCStr)

(Longest Common String) abbreviation LCS 2.1.2
(Longest Common Subsequence) LCS

LCStr, LCS
s, t : LCStr(s, t) =

argmaxsi,...,i−n+1 |∃ j,si,...,i−n+1=t j,..., j−n+1
n. s, t (LCStr

) : |LCStr|(s, t) = max∀i,∀ j,si,...,i−n+1=t j,..., j−n+1 n. [0,1]
: ScoreLCStr(s, t) = 2·|LCStr|

|s|+|t| .

2.1.3 (Longest Common Subsequence: LCS) Levenshtein

s, t (Longest Common Subsequence: LCS)
: LCS(s, t) = argmaxs[�i]∃�j,s[�i]=t[�j] |�i|. s, t (LCS )

: |LCS(s, t)| = max∀�i,∀�j:s[�i]=t[�j] |�i|. [0,1]

: ScoreLCS(s, t) = 2·|LCS|
|s|+|t| . 1 1 2(

) Levenshtein ( ) LCS
: dLevenshtein(s, t) = |s| + |t| − 2 · |LCS|. LCS §2.2.2

Ulam

2.2

2.2.1 ( )

(Shawe-Taylor (2010))

([0,1] )
: ScoreK− (s, t) = K−(s,t)

||K−(s,s)||||K−(t,t)|| .

(All String Kernel or Exact Matching Kernel)
n u Φ∗str : σ∗ → Fall str ∼

R|σ|∗ Φ∗str = (φ∗u(s))u∈σ∗ Kn-gram(s, t) = 〈Φ∗str(s),Φ∗str(t)〉Fall str =
∑

u∈σ∗ φ∗u(s)φ∗t (s), ( φ∗u(s) = |{i|si...∗ = u}|).
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: Kall seq(s, t) =
∑min(|s|,|t|)

n=1
∑|s|−n+1

i=1
∑|t|−n+1

j=1 δ(si...i+n−1, ti...i+n−1).
2002

n-gram

(Length Weighted All String Kernel or Length Weighted Exact Matching
Kernel) Kall seq(s, t) =

∑min(|s|,|t|)
n=1

∑|s|−n+1
i=1

∑|t|−n+1
j=1 ω|s|δ(si...i+n−1, ti...i+n−1). ωn

n n- Suffix Tree

n- n-gram (Spectrum Kernel)
n (n-gram) n u
Φn

str : σ∗ → Fn-gram ∼ R|σ|n ( Φn
str = (φn

u(s))u∈σn ) Kn-gram(s, t) =
〈Φn

str(s),Φn
str(t)〉Fn-gram =

∑
u∈σp φn

u(s)φn
t (s)( φn

u(s) = |{i|si...i+n−1 = u}|)
: Kn-gram(s, t) =

∑|s|−n+1
i=1

∑|t|−n+1
j=1 δ(si...i+n−1, t j... j+n−1).

v Ψ∗seq : σ∗ → Fall seq ∼ R|σ|∞ ( Ψ∗seq(s) = (ψ∗v(s))v∈σ∗)
Kall seq(s, t) = 〈Ψ∗seq(s),Ψ∗seq(t)〉Fall seq =

∑
v∈σ∗ ψ∗v(s) · ψ∗v(t)( ψ∗v(s) = |{�i|s[�i] =

v}|). Kall seq(s, t) O(|s||t|)
ε Kall seq(s, ε) = Kall seq(t, ε) = 1 Kall seq(s, t)

Kall seq(s·a, t) = Kall seq(s, t)+
∑

1≤i≤|t|, j:t j=a Kall seq(s, ti... j−1) s
K̃all seq(s·a, t) = Kall seq(s, ti... j−1) K̃all seq(s·a, t·b) = K̃all seq(s·a, t)+δ(a, b)K(s, t)

t

p (p-mer)
p v Ψ

p
seq : σ∗ → Fp-mer ∼

R|σ|p ( Ψ
p
seq(s) = (ψp

v (s))v∈σ∗ ). Kp-mer(s, t) = 〈Ψp
seq(s),Ψp

seq(t)〉Fp-mer =∑
v∈σp ψ

p
v (s) · ψp

v (t). ψ
p
v (s) = |{�i|s[�i] = v}|

: p-mer
λ p v Fp-mer

Kgap p-mer(s, t) = 〈Ψgap p
seq (s),Ψgap p

seq (t)〉Fp-mer =
∑

v∈σp ψ
gap p
v (s) · ψgap p

v (t)

ψ
gap p
v (s) =

∑
�i:v=s[�i] λ

l(�i) l(i) = |si1,...,i|v| |(�i = 〈i1, . . . , i|v|〉)
2.2.2

(2009) m
μ, ν ∈ S m 2

m

θ- : d||Rank||θ (μ, ν) = (
∑m

i=1 |μ(i) − ν(i)|θ)1/θ. θ = 1
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1

[0, 1] ↑ [0,∞] ↓ [0,∞] ↑ [−1, 1] ↑
Score(γ)

Kall str
( ) §2.2.1

(n-gram) Score(γ)
Kn-gram n- §2.2.1

Score(γ)
Kall seq

( ) §2.2.1

(p-mer) Score(γ)
Kp-mer p-mer §2.2.1

Score(γ)
Kgap p-mer p-mer §2.2.1

§2.2.2 Score||rank||θ
( ) Scorefootrule dfootrule(θ=1)

ScoreSpearman (dSpearman(θ=2)2 ) Spearman’s ρ
ScoreHamming dHamming

§2.2.2 ( ) ScoreKendall dKendall Kendall’s τ
( ) ScoreLCS dUlam§2.1.3
( ) Score(γ)

WLCS
( ) ScoreLCStr

Spearman footrule dFootrule(μ, ν) = (
∑m

i=1 |μ(i) − ν(i)|). θ = 2
Euclid Euclid 2 Spearman

dSpearman(μ, ν) = (
∑m

i=1 |μ(i) − ν(i)|2). Spearman
Euclid 2

[-1, 1] Spearman ρ

Spearman’s ρ = 1 −
6·dSpearman(μ,ν)

m3−m .

μ, ν Pearson (1)

Hamming dHamming(μ, ν) =
∑m

i=1 δ(μ(i), ν(i)).
Hamming ( 1)

μ ν

Levenshtein

Kendall dKendall
(Swap)

Kendall m(m−1)
2

dKendall = min(argmaxq δ((Π
q
q=1π2(kq, kq + 1)) ·

μ, ν)) =
∑m

i=1
∑m

j=i+1 χ(i, j). χ 〈i, j〉 0 1

: χ =

⎧⎪⎪⎨⎪⎪⎩
1 if (μ(i) − μ( j))(ν(i) − ν( j)) < 0,
0 if (μ(i) − μ( j))(ν(i) − ν( j)) ≥ 0

[0,1] : ScoreKendall = 1 − 2·dKendall(μ,ν)

m2−m .
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2

BCCWJ-SUMM C 100-200 19
BCCWJ-SUMM L 3 47 8

GROSS C 71,111,113
GROSS L 4 7,6,3

RETELLING I 10 5
RETELLING K 3 3,3,3 3
RETELLING M 4 10

[-1,1] Kendall τ

Kendall’s τ = 1 − 4·dKendall(μ,ν)

m2−m .

Ulam dUlam
i, i + 1, . . . , j − 1, j〉

μ

ν

Ulam
dUlam(μ, ν) = m − |LCS(μ, ν)|

[0,1] :
ScoreUlam(μ, ν) = 1 − dUlam(μ,ν)

m =
|LCS(μ,ν)|

m = ScoreLCS(μ, ν).

2.3

1
(2007) 1

Score− ∈ {Score∗} ( ) ω−

: Score∗ =
∑

ω−√ΠScoreω−− .
substring( : n-gram ) subsequence( : p-mer )

Ulam

3.

2
(BCCWJ-SUMM) (GROSS) (RETELLING) 3

( )
( ) 2
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3.1 BCCWJ-SUMM C

BCCWJ-SUMM C BCCWJ Yahoo! (15
)

BCCWJ 1
19 BCCWJ PN ( A)

40 50-100
PC 100

200 2014 9

3.2 BCCWJ-SUMM L

BCCWJ-SUMM L BCCWJ
BCCWJ-SUMM C 50-100

3

( )
8 47

3.3 GROSS C

GROSS C Yahoo! (15 )

( 6.6) (6.4) ( 6.0) 3
(2) 150 250 3

300 :71 :111 :113(295/300)

3.4 GROSS L

GROSS L
8 (20 -50 ) GROSS C

10
( 6.6) (6.4) ( 6.0) 3 2

5
4 7 4 6 4 3 4

145 (max 227 , min 85 )

第7回コーパス日本語学ワークショップ予稿集 （2015年3月，国立国語研究所）

50



3.5 RETELLING I

Retelling (2013a,b)
(2014)

5 10
(3

)
5 10 (50 ) ( )

(1 3 5 7 9 ) (2 4 6 8 10 )

(RETELLING I(T))

3.6 RETELLING K

(2012)
3 (3) 1
3 3 9

4 3

3.7 RETELLING M

(2014)
10 (20 -50 ) ,

10 ( )
4 284 (min:150 max:451 ) 107

(min:74 max:152 ) 10 4 (40 )

4.

30
• n-gram (1,2,3,4) (char/mrph)
• n-gram (≤2,≤3,≤4) (char/mrph)
• p-mer (2,3,4) (char/mrph)
• p-mer (≤2,≤3,≤4) (char/mrph)
• 1-gram +Footrule (char/mrph) (=Spearman)
• 1-gram +Kendall (char/mrph)
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http://goo.gl/nBeMeZ (Mean)
(SD) “ char” “ mrph”

(MeCab-0.98+IPADIC-2.7.0 )
p 0.05

unigram(n-gram(1))
GROSS L(T) BCCWJ-SUMM L(T)

Bigram(n-gram(2)), skip-bigram(p-mer(2))

Bigram(n-gram(2)) skip-bigram(p-mer(2)) bigram

Kendall bi-gram

(BCCWJ-SUMM C ⇔ BCCWJ-
SUMM L(P), GROSS C⇔ GROSS L(P)) ( )

4.1

6
(F )

(0.05 2 ) (4)

•
BCCWJ-SUMM L(P)⇔ GROSS L(P)⇔ RETELLING K(P)⇔ RETELLING M(P)

– BCCWJ-SUMM L(P)⇔ GROSS L(P)
n-gram(2,3,4) char, Kendall char

n-gram(2,3,4,≤2,≤3,≤4) mrph, Footrule mrph,
Kendall mrph

– BCCWJ-SUMM L(P)⇔ RETELLING K(P)
n-gram(3,4) mrph

– BCCWJ-SUMM L(P)⇔RETELLING K(M), GROSS L(P)⇔RETELLING {K,M}(P)

– RETELLING K(P)⇔ RETELLING M(P)
n-gram(≤3,≤4) mrph,p-mer(3,4,≤3,≤4)
⇔ n-gram(1)

⇔ ⇔
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•
BCCWJ-SUMM L(T) ⇔ GROSS L(T) ⇔ RETELLING I(T) ⇔ RETELLING K(T) ⇔
RETELLING M(T)

– BCCWJ-SUMM L(T)⇔ GROSS L(T)
n-gram(2,3,4) char, Kendall char

n-gram(2,3,4,≤2,≤3,≤4) mrph, Footrule mrph,
Kendall mrph

– BCCWJ-SUMM L(T)⇔RETELLING {I,K,M}(T), GROSS L(T)⇔RETELLING {I,K,M}(T)

– RETELLING I(T)⇔ RETELLING K(T)
n-gram(1,4,≤2) char, p-mer(2,≤2) char

– RETELLING I(T)⇔ RETELLING M(T)
Kendall char

– RETELLING I(T)⇔ RETELLING M(T)
n-gram(2,≤2,≤3,≤4) char, p-mer(2,3,4,≤2,≤3,≤4) char

n-gram(1,2,≤2,≤3,≤4) mrph, p-mer(2,3,4,≤2,≤3,≤4) mrph

(RETELLING {I,K})
(RETELLING M)

(RETELLING I) (RETELLING K)

•
BCCWJ-SUMM C⇔ GROSS C

• ( )
BCCWJ-SUMM C⇔ BCCWJ-SUMM L(P) n-gram(2) char, n-gram(3) char,
n-gram(4) char (BCCWJ-SUMM C)

(BCCWJ-SUMM L(P))
• ( )

GROSS C ⇔ GROSS L(P) n-gram(2,3,4) char, n-gram(2,3,4) mrph,
Footrule mrph, Kendall mrph

wikipedia

•
BCCWJ-SUMM L(P) ⇔ BCCWJ-SUMM L(T), GROSS L(P) ⇔ GROSS L(T),
RETELLING K(P)⇔ RETELLING K(T), RETELLING M(P)⇔ RETELLING M(T)

4.2

n-gram
n-gram

p-mer, Footrule, Kendall
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n-gram, p-mer n, p
n-gram, p-mer n (or p)

n (or p) n (or p)

n-gram, p-mer
n-gram(1) * Kendall * n-gram(1) *

Kendall *

5.

n-gram p-mer

7 (
)

(B) (B)

(2015)
2015-NL-220

Shawe-Taylor John Nello Cristianini ( ) (2010) (Kernel Methods for
Pattern Analysis) , 11

(2014) –
” ” – 2014

(2009) SIG-DMSM-A902-07
(2007) , 22:2,

pp. 115–126
(2014) – – 33

(2012)
29

(2013a) 31 ,
pp. 190–193

(2013b) 32
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