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Software maintenance of business application software such as adding new
functions should be performed cost-effectively. It is preferable to give priority
to perform refactoring the portion of source code to which the function addition
will be expected in the future to keep the maintainability.
We propose a new method which extracts such portion of source code using

the BPM-E process mining tool we have developed. The method was applied to
in-house business systems; the results showed that the method successfully ex-
tracted the grouping of events, but that there are accuracy issues in associating
events with source code.
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P ← G0

for i = 1 to M do

Gi ← {}
for j = 1 to ni do

if Eij
/∈ P then

Gi ← Gi + Eij

P ← P + Eij

end if

end for

end for

(a)

:

M :

Fi = (Ei1 , Ei2 , . . . , Eini
): i

Eij
: Fi j

for j = M downto 2 do

for i = 1 to M do

Ci ← 0 { }
end for

for i = 1 to M do

if Fi Gj then

for k = 1 to j − 1 do

if Fi Gk

then

Ck ← Ck + #(Fi)

end if

end for

end if

end for

Ctotal ←
∑M

i=1
Ci

Cmax ← max(C1, . . . , CM )

maxPos ← x, where Cmax = Cx

if Cmax/Ctotal > τm then

Gmove.put(j,maxPos)

end if

end for

for j = M downto 1 do

maxPos ← Gmove.get(j)

if maxPos �= null then

GmaxPos ← GmaxPos + Gj

Gj ← {}
end if

end for

(b)

1

Fig. 1 Algorithm of extracting work packages
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Table 1 System features

A B

3 + 3

( ) Apache Struts + DbUtils

577 169

6872 3219

LOC (Lines of code) 129744 31817

36 7

6810 11

307035 1709

2000 2008

2 A

Table 2 Results of work package extraction for System A

G0 e1, e2, e3, e4, e5, e6

G1 e7, e8, e9, e10, e11, e12, e13, e14,

e15, e16, e17, e18

G2 e19, e20, e21, e22, e23

G3 e24, e25, e26, e27, e28, e29, e30, e31

G4 e32

G5 e33

G6 e34

G7 e35

G8 e36

4.

2 Java

SQL 1

Java Eclipse AST (Abstract Syntax Tree)

4.1

A τc τm 0.8

2

e1 e2 9

4.2

A 3 (a)

3

Table 3 Results of methods associated with work packages

(a) A (b) B

( ) 2600

G0 3175

G1 37

G2 14

G3 197

G4 4

G5 13

G6 5

G7 7

G8 10

( ) 837

( ) 584

G0 0

G1 98

G2 1

G3 3

( ) 2535

(a) 27

B 3 (b) 2
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4 A

Table 4 Manually extracted work packages and corresponding events for System A

Γ1 e4, e5, e6

Γ2 e14, e15

Γ3 e2, e7, e8, e9, e10, e12, e13, e17, e18

Γ4 e1

Γ5 e11

Γ6 e26, e29

Γ7 e20, e21, e23, e28, e32, e33, e36

Γ8 e27

Γ9 e34

Γ10 e3, e25, e30, e31, e35

Γ11 e24

Γ12 e19

Γ13 e22

Γ14 e16

5

Table 5 Flow type, work packages, and number of executions

A Γ1 → Γ2 → Γ3 → Γ4 → Γ5 79697

B Γ1 → Γ6 → Γ7 → Γ8 → Γ9 → Γ10

→ Γ2 → Γ3 → Γ4 → Γ5 23564

C Γ1 → Γ9 → Γ11 → Γ10 → Γ4 → Γ6

→ Γ12 → Γ8 11599

D Γ13 → Γ1 → Γ7 → Γ3 → Γ4 → Γ12 11522

( ) 92373

218755

5

BPM-E 1:1

1

5 A

2 A

1 Γ14 1 Γ12

5.1.2

5 A D {Γ1,Γ4} = {e1, e4, e5, e6}
2 G0 {e2, e3}

6

Table 6 Work packages expressed by manually extracted work packages

G0 Γ1 + Γ4 + (e2) + (e3)

G1 Γ2 + (Γ3 − e2) + Γ5 + Γ14 ≈ A B

G2 Γ12 + Γ13 + (e20 + e21 + e23) ≈ D

G3 Γ6 + Γ8 + Γ11 + (e25 + e28 + e30 + e31) ≈ C

G4 ( )

G5 ( )

G6 Γ9

G7 ( )

G8 ( )

e2 e2 Γ3 A

e3 40 13

40 e3

5541 6810 5541/6810=0.81

0.8 BPM-E

4 2

6 6 G0 G3

G4 G8

5.2

1

A 0.88

B 0.21

Java

package

• A: , beans , , servlet,

, CORBA. package
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• B: , , , .
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