gooooooood
IPSJ SIG Technical Report

Vol.2014-SE-183 No.9
2014/3/19

Jooodoooboootoooooogoognon

00 oo! oooot

goouMLOOOOOOODOOOOOOCOOOOOOOOOOOOOOOOOOOOODODOOOOOOO
goboooooboobooboooboooboooboooboobooooobobooboobooboboobOoboboooOoboboon
gobooooobooboooboobooobooooobooooobooboooboobooboooooOooboboD
gooooooooooooooooobooOooooOoboo0oooobo0oOooooobooooooo0oag
gooooooooooobooooooooboboOoooOoOOoOob0UOoOooOoObOOOoOoOoOObObOOOooOObOo
goooooooooooboooooooboboooooOOooboooooOboOoOoOooOOobbOooOooDOboOo
goooooooooobouMLOOOOOOOOOOOOO0O400000000D0C0O0000O0O0CO0O
gboosgoooooobobooooboobooobooobooboobobooobooboobooon

gooooouMLOOOO0OOOOOoOOoooooOoboOoOoooooon

An Attempt to Refactor Models of Sequence Diagrams

Abstract: Although there are model refactorings to improve the quality of UML, there is no refactoring
approach for sequence diagrams. Thus, to the diagrams, we apply bad smells of source codes that are effective
and can be detected automatically in them. In addition, we propose model refactorings to remove the smells
for them. To define more effective approach, we also use class diagrams. Besides, we show algorithms to
detect bad smells, procedures of model refactorings and that they do not change observable behaviors of a
system. By this approach, sequence diagrams with high quality can be made. To an open UML model, we
evaluated the validity of the algorithms to detect four bad smells we propose, and confirmed it for three of

them. For the other one, we show an other approach for it.
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func DuplicatedInteractionFragments ()
interactionSet = getAllInteractionSet ()
similarInteractionFragmentSequence0fSet0fSet =
getSimilarFragmentSequence0fSet0fSet (
interactionSet)
result = {}
foreach similarInteractionFragmentSequenceOfSet in
similarInteractionFragmentSequenceOfSet0fSet
if evaluate (
similarInteractionFragmentSequenceOfSet)
add similarInteractionFragmentSequenceOfSet
to result
end if
end foreach

return result

end func

/
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Fig. 1 An algorithm to detect duplicated interaction fragments
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func LongOperations ()
result = {}
foreach interaction in getAllInteractionSet()
foreach lifeline in
interaction.getLifelineSet ()
foreach operation in
lifeline.getOperationSet ()
if evaluate (operation)
add operation to result
end if
end foreach
end foreach
end foreach

return result

end func
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Fig. 2 An algorithm to detect long operations
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func MessageChains (classSet)
result = {}
foreach interaction in getAllInteractionSet ()
foreach lifeline in
interaction.getLifelineSet ()
class = getClass (classSet, lifeline)
foreach lifelineOperation in lifeline
.getOperationSet ()
if evaluate (class, lifelineOperation)
add operation to result
end if
end foreach
end foreach
end foreach

return result

end func

N /
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Fig. 3 An algorithm to detect message chains

func MiddleMen (classSet)
result = {}
foreach class in classSet
operationSet = getOperationSet (class)
if evaluate (operationSet, class)
add class to result
endif
end foreach

return result

end func

\_ J
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Fig. 4 An algorithm to detect middle men

0 0O O getOperationSet (class) 000000000000
OO0000 classOO0O0O0O0D0OOOOOOOOevaluate
(operationSet, class) D000 class0 000000000
O0000000000O0 operationSet 00000000
OO0o0o0o0o0oOoooO0ooOo 3)oooooooo
gboboooooog

®3)

ndops/|ops| > MINRATE
ndops > MINDOPS

where

ndops = |{dop|dop € ops,
dop.nsm > 0 A dop.nsm < MAXDNSM}|

O0O00psODO000O0CO0O0O0O0O0O0O0COOOdop.nsm
OO0 dopOOO0O0C0DOOO0OOCOOOOCOOODOOMIN-
RATEO MINDOPSOMAXDNSM OO OO0O0O0O0DOOO
coboooooooocOooboooOoooboooobooooo
00000000000 O0MAXDNSMOOOOOO 10

© 2014 Information Processing Society of Japan

Vol.2014-SE-183 No.9
2014/3/19

ooooO0o0o0oo0ooUooOoooOooUooooooo
goooo0opoOoOooOooooooOoooooooooo
00000000 Abstract Factory 0000000000
ooooooo

3.2 000000000000000000000
00000000000000000000000
1)ooooo
2)0000
3)0000
4)000000000000000000000000
00000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000000000
000000000000000000. 0000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
0ooooooo
3.21 00000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000
(1)0D0000
e 000DOO0OODODO
e 00000D000D000DO0ODOODOODOODO
e 000D0000O0DOOOODOOO
e 000D0D00O0O0DOOOOOD
(2)0000
() 0000000000000000000000
0000000000000000000000
00000000
(b)00000D00000000000000000
(¢)0000000000D00000D0000000
000000000

(
(
(
(

*1 Abstract Factory 0000 00000000000000OO
00000000000 0O0DO0O00ODOOOoOoOooooOoD (6o



gooooooood
IPSJ SIG Technical Report

(3)0000D0
() 00000D000000000000D00000
0000000000000000
(4)000000000000000000000000
0000000000
() 00000000000D00000000000
0000000000000000000000
0000000000000000000000
0000000000000000000
[00]0000000000000000000
00000000000000000000
000000000000000000000
(b)00D000D00000000000000000
ooooooo
[00]0000000000000000000
00000000000000
(¢)00D000D000D000D00D000D00O0O00
oooo
[00]0000000000000000000
00000000000000000000
(d)0000000000000000000000
000o0O0oo0ooo
[00]0000000000000000000
00000000000000000000
00000000000000000000
oooooooooo
3.2.2 00000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000000
(1)ooooo
e 00O0DDOOOO
e 00DDODO
e 00ODOD
e 000DOO0OODO
e 000DOOOODODO
afufalulufslaln
000000000,00000000000000
000000000000000D00000000
00000000000000000000000
000000000000000000000000
00000000000000000000000
00000000000000000000000
0ooooo

© 2014 Information Processing Society of Japan

Vol.2014-SE-183 No.9
2014/3/19

(2)0000
() 00000000000000000000000
(b)0000000000000000000000
0000000000
(¢)00000D00000D00000D0000000
000000000
(d)0000000000000000000000
00000000
(¢)0000O0DDO0OONDOOOONDOOOOOO
000000000000000000000
(3)0000
() 0000000000000000000000
(4)000000000000000000000000
0000000000
() 0000000000000000000000
000000000000
(i) 00000000000000000000
0000000000
[00]00000000000000000
0000000000000000000
(i)00000000000000000000
00000000000000000000
0000000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
ooooo
[00]00000000000000000
0000000000000000000
000000000000000000
000000000000000000
000000000000000000
0o0000000000000000
00000000000000000
(b)00000D00000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000
00]000000000000000000
0000000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
000000000000000000000



gooooooood
IPSJ SIG Technical Report

3.23 000000
3140000000000000000000000
000000000000
(1)0D0Oooo
e 000DOOOODDOOO
e 00ODDOODO
e 00OODO
e 000000O0DO0ODO0ONOODNOODOOOODN
e 00ODDOODO
(2)0000
() 0000000000000000000000
00000000
(b)000D00000000000000000000
(¢)00000D00000D00000D0000000
00000000000
(d)0000000000000000000000
(¢)00000D00O0ONDOOOODDOOOOOO
00000000000000000000000
(3)0000
() 00000000000000000
(b)00000D0000000000
(4)000000000000000000000000
0000000000
() 00000000000000000000000
[00]00000000000000000000
00000000000000000000
(b)00O000D0000000000000000
0000000000000000000000
0000000000000000000000
[00]0000000000000000000
00000000000000000000
0000000000000000000
(¢)00000D00000D00000D0000000
0000000000000000000000
0000000000000000000000
0000000000000000
[00]0000000000000000000
00000000000000000000
00000000000000000000
0000000000000000000
3.24 0000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000
(1)0D000oo0
e 000D0D00O0ODDOOOOO

© 2014 Information Processing Society of Japan

Vol.2014-SE-183 No.9
2014/3/19

e 000DD00OONDOOOOODO
e 00O0DDOOOO
(2)0000
() 0000000000000000000000
oooooo
(3)0000
() 00000000000000
(b)0000000000000000000000
0ooooon
(¢)00000D00000D00000D0000000
00000000000000
(4)00000000000
() 0000000000
(b)00000D00000000000000000
(¢)00000D00000D00000O0000000
0000000000
(d)0000000000000000000000
0000000000000000000000
000000000000000000

3.3 D00OO00OOO0OoOooOoOoOoooboOooon
O100000C00000000000000D0CO0
gobooooooooooocoobooOooonn

01 0000000000000000000

Table 1 Bad smells and corresponding refactorings

ooooo gooooooo
ooooooo
00o0o0oooooooooo
goooooooooooo
ooooooo
oooooo
goooooooooooo
oooooooo ooooo
ooo oooood

4. 00O

4.1 0O0O0ODO
goobooooobooooooooboooooood
oobooooobooooooooooooooobooooon
oouvMLOOOOOODOOOOOOOOOOOOOO0OO
oood,0b0ooboooooooboooboooogn
OCLO0OO0OO0O [7jbO0000DbO00bO00Dn UMLO
OOO0OO0Ecdipse00000O0O0O0O0O0OO0DOOOODO
Papyrus 00000 [8]0
O00000000000O0WebOOOOOOOOOO
000000000 PSMOOOOOO [93?200000
00000 Papyrus 00O O0O0O0D0OOCOOO0O0ODOOO

*2 pSMODODODOOOOODOOOOOODODOOOOOODOO




gooooooood
IPSJ SIG Technical Report

02 0000oO0o0ooooooooo
Table 2 Values of the parameters of each bad smell

ooooo ooooo oooo oopooo
oooo gooooo
ooogd
MINNDIF 2 2
oooooo
CM 1 1
oooooo
CCF 2 2
0o
THRESHOLD 1 2
CM 1 1
oooooo CCF 1 1
THRESHOLD 10 11
oooooo ooooooo 1 2
oo ooo
MINRATE 0.3 0.4
ooo MINOPS 10 10
MAXDNSM 1 1

oooooooooooooooood
e JO0ODODCOODDODDDUDDUODDDODDDOO
goooooooo
e JO0O0OODCOODDODDDUDDUODDDODDDDOO
O0000ooooooOooooooooOog alto
opt 00000000000 OOOOO
e JOOOCDODOODODOODUDUODODUDDODDDODO
oooo
gooooOooOoOopoOoOoOoooooOoooooooo
ooooooooo
(l1)Dooooooooooooo
e 0000 startTestFlight O flight 0 O 0O O getSen-
sorInfol] setSensorlnfo 00 00000000000
ooo
(2)000oOo
e 000 Blimp OO0O startAutomaticFlight O O O
oooo 11oooooooo
(3)0booooooo
e 00O 0O BlimpSystem O O O setUSSensors O set-
Flightbath 000000000 OOCOOOCODOO
gooooooooooo
(4)000O
e 000 Blimp O FlightController 000 OO 1300
Oo00o0oooO0O0Dos0000000OO00O0ODO
ooo0o0oO00o ooopoooooooo
000o0ooooogo .lopoopooooooooo
0000000000000 200000000O0OO
goooQoOoOoQoOoQoUOOoOOoUOOUOUObDOUODbObDOoOoo
oooooOoooooooooooogoog

4.2 0O00O0O0O
gooooooocbooobooboooOooooono

© 2014 Information Processing Society of Japan

Vol.2014-SE-183 No.9
2014/3/19

0000000000 oooooDoooDoooooon
0000000000 DO0ooDo0ooooooooon
00000000000 50000000 AltitudeData,
DirectionData, PositionData OO0 0O write D OO OOOO
000000000000000000000 SimpleLock
000000000 00oooonleckOOOnO

4.3 00O
Ooobooooobooooooooobooooooog
ooboooooboooooboocoooooooboooo
ubooooboooooboooobooobt sbooobo
oboooooboooooboooooooOooboooo
oobooodoooooooboooooooOoobooooo
oobooCbc10bo0o0oo0oooooboocOoooooOooo
oobooooooooooboocoooooooobooooo
uooooooooooooooooooooooooon
uoooooobooooobocoooooooboooo
oboobooooooooboooooooOooboooo
oboooooboooooboooooooooboooo
oobooooooooobooooo

5. 0000

O0000000DOOStalc00O0OOD0OOOODOO
gooooOopoOoOopoOoOopDOoOopDOoOopDOoOooOoOoLoo
000000000 [10j0000Astels0 UMLODOOO
O0oO000o0o0o0o0oooUooooooooo 1o
ooo0oo0ooOoooooUoooooooOooooo
gooooOoOoOoOoOoOoOoOoOoOOoOOOOObDOODboO
O00000,Enarsson 0000000000 OOOOO
ooooo0opoOoOoOoOoOooOoOooOoUooOoUooUoo
gooooOopoOoOopoOoOopoOoOoDOoOopoOoOoOoOooOoO
OO0 2000000000000000Arendt 0000
gooooOoOoOoOoOoOoOoOoOoOoOUOOUOOOOoOoooo
goooo0o0oOoOoOoOoOooOoooUoooUooooooo
O0o0000o0oO0ooooooooooooooo 3|0

g0o0oO0opoOoOoOoOoOoOoOoOODO 100o0boOooooo
goooo0o0oOoOoOoOoOooOoOoooUbDUoUoooooo
O0000O00000O0O0OOObserver 000 O0OOODO
O0000000 [IDO000ElRSharqwiD O 00000
goooo0ooOoOoOoOoOooOoOooDOoUDUOUooooo
goooo0ooOoOoUoOoOooOoOoDOoUoUoUoooooo
O0O00C0 3000000 Abstract Factory OO OO OO
Oooooooo (1210

OO0bD0o0C0OO0oDbOOo0oOO0bDOoOooOOobOoOooDouMLO
goooo0opoOoOopoOoOopoOoOoDOUOpDUOUODOoOOoO
0000000000000 000OOD0E-Shargwi O
O0oooooo,000000ooooooooooo
godooo0o0oO0oO0o0oO0Oo0oOOo0oDUOULDUOUUOoUoo



gooooooood
IPSJ SIG Technical Report

Vol.2014-SE-183 No.9
2014/3/19

sdreceive )

<<active>>
: RFReceiver

<<active>>
: UDPReceiver

I:
SimpleLock
T

| : AltitudeData al

I
receive()

write(data)

. |
wiite(data) |

: DirectionData | d|

|
P writeLock()

1

doWrite(c{ata)
|
|

writeUnlock()

)

| |
| receive()

| | <! |
|

<<active>>
: USReceiver

I
SimpleLock

writeLock()
doWrite(dhta) doWrite(diata)
| |
| |

writeUnIockq |

: PositionData pl:
SimpleLock
L

| ]
receive() |
| I

write(data) |
D

|
|
|
writeLock() |

-~

writeUnlock() |

05 O0000O0OO0OO0OO0OO0OO0OOO0OO0OO0OO0OO0O0O0O0O0O0O0O000O0

Fig. 5 A sequence diagram which contains models that were incorrectly detected as

message chains
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