
DEA

( )
(( ) ) (( )

Support Method of Consulting Service Using Text Mining
-Prediction of Corruption Using Correspondence Analysis and DEA

Discriminant Analysis-

∗R. Watanabe, N. Fujii, D. Kokuryo, T. Kaihara (Kobe Univ.) ,
Y. Onishi, Y. Abe (F&M Corp.), R. Snato (The New Industry Research Organization )

Abstract– This study aims to build a supporting method for consulting service companies so that the
companies can respond to client’s demand regardless of the expertise of the companies. Occurrence of future
problems in client companies is predicted by using text mining with data taken from a consulting company;
correspondence analysis and DEA discriminant analysis are employed. Computer experiments are conducted
to verify the effectiveness of the proposed method.
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Fig. 1: Overview
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Fig. 2: Algorithm
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Fig. 3: Fraud problem group
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Fig. 4: Normal group

2.2

MeCab 4) MeCab

• ( )

• ( )FAX

• ( )

2.3

Jean-Paul-Ben-zeccri
1960

5) ( )
( ) i

j tij
Table.5

Table 1: Correspondence analysis

AAA BBB · · · KKK

a1 a2 · · · aK
A Co. b1 t11 t12 · · · t1K
B Co. b2 t21 t22 · · · t2K

...
...

...
...

. . .
...

N Co. bN tN1 tN2 · · · tNK

ai, bj

Fig.5 Fig.5

Fig. 5: Correspondence Analysis sample
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2.4

G1, G2 i diG (1)
DG xijG j

i CjG j

diG =

√√√√DG∑
j=1

{(xijG ∗ CjG)2} (1)

(2) (3) d
M

G1 < G2{
eiG1 = diG1 +M − diG2

eiG2
= ∞ (2)

G2 ≥ G1
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{
eiG2 = diG2 +M − diG1

eiG1
= ∞ (3)

e
DEA

2.5 DEA

DEA 6)

DEA

DEA

DEA

DEA
G,

i j j
i zij

η λi d
S+
ij S−

ij

stage1

min
∑

j∈G1
S+
1j +

∑
j∈G2

S−
2j

s.t.
∑k

i=1 λizij + S+
1j − S−

1j = d+ η (j ∈ G1)∑k
i=1(λ

+
i − λizij + S+

2j − S−
2j = d (j ∈ G2)∑k

i=1 |λi| = 1

S+
1j , S

−
1j , S

+
2j , S

−
2j ≥ 0 (4)

(4)
η

1 2
stage1 λ∗

i

d∗ zij

R1 =

{
j ∈ G

∣∣ k∑
i=1

λ∗
i zij ≥ d∗ + η

}
(5)

R0 =

{
j ∈ G

∣∣d∗ + 1 >
k∑

i=1

λ∗
i zij > d∗

}
(6)

R2 =

{
j ∈ F

∣∣d∗ ≥
k∑

i=1

λ∗
i zij

}
(7)

C1 = {j ∈ R1|j ∈ G1} (8)

C2 = {j ∈ R2|j ∈ G2} (9)

C1, C2

G1 ∩R2, G2 ∩R1

R0 stage2

c d∗ d∗ + η

stage2

min
∑

j∈G1∩(R0∪R2)
S+
1j +

∑
j∈G2∩(R0∪R1)

s.t.
∑k

i=1 λizij ≥ d+ η (j ∈ C1)∑k
i=1 λizij + S+

1j − S−
1j = c (j ∈ G1 ∩ (R0 ∪R2))∑k

i=1 λizij + S+
2j − S−

2j = c (j ∈ G2 ∩ (R0 ∪R1))∑k
i=1 λiaij ≤ d (j ∈ C2)∑k

i=1 |λi| = 1

d ≤ c ≤ d+ η

S+
1j , S

−
1j , S

+
2j , S

−
2j ≥ 0 (10)

stage1
stage1

stage1
stage1 stage2

c d d+ η

stage2 c∗, λ∗
i

(11) j G1

(12) j G2

k∑
i=1

λ∗
i zij ≥ c∗ (11)

k∑
i=1

λ∗
i zij < c∗ (12)
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3.2

-

• G1/ G2

• 130(G1 40/G2 90)

• 3731/3946

• 11978/14550

• 236880/269980

• 8592/9074

• Table.2

Table 2: Business type

A. B. C. D. A
G1 0 0 0 5
G2 0 0 18 21

E. F. G. H.
G1 3 0 1 1
G2 21 0 1 3

I. J. K. L.
G1 18 0 3 0
G2 24 1 2 5

M. N. O. P.
G1 2 1 0 1
G2 2 1 2 0

Q. R. S.
G1 0 4 0 40
G2 1 8 0 90

• Table.3

Table 3: Region

a b c d e

G1 8 10 7 11 4 40

G2 27 26 8 20 9 90

- ( )

• 40

• 0.5

• 20

- ( )

• 40

3.3

4

Table 4: Condition 1 3

1-1 1-2 1 2

(% ) 97.5 90 93.75 95
G1(% ) 35 75 60 65
G2(% ) 55 30 42.5 30

3-1 3-2 3-3 3-4 3-5 3

(% ) 90 87.5 92.5 92.5 95 91.5
G1(% ) 70 55 65 60 55 61
G2(% ) 46 50 40 40 35 42.2

1

1-1

5 1

Table 5: Condition4

(G1) (G2)

(%) 97.37 80 40 60

1
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