oooooooog Vol 51 No. 9 1751-1764 (Sep. 2010)

Constructing Formal Specifications for Self-adaptive
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Systems with Handling Conflicts among Processes
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Self-adaptive systems have recently attracted attention as flexible software
because they can change their own behaviors to react to changes in their en-
vironments. However, these systems usually have multi-processes within them
and developers are forced to design and construct these processes deliberately
not to induce conflicts. This paper describes our approach to developing self-
adaptive systems utilizing a requirements model and formal specification to
detect conflicts and design the behavior keeping away the conflicts. The paper
also discusses our evaluation of the effectiveness of our development process
through a case study.
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Fig.1 Proposed development process for self-adaptive systems.
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Fig.2 KAOS goal model for cleaning robot.
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Fig.3 An example of operation definition.
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Table 1 Example of conflict table.
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Table 2 Correspondence between KAOS model and VDM++ specification.
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class 0O OO
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private att OO0 0O0O0O0O: OO0OO0OO;

operations
-= constructor
public 0000 :000000 == 0000
0000 (@00ooon) ==
att 00000 :=ab000000;

return self;

© 00 N O O W N

o e
N = O

)

o
oW

public action:00 ==> ()
action(a 00) ==

[
o

16 let - = new I0().echo("Start: OOODO") in skip;
17 -- TODO: describe process statement --

18 let - = new I0().echo("End: O0OODO") in skip;
19 )3

20

21 public finish:() ==> ()

22 finish() == skip;

NN
oW

sync

N
o

per finish => #fin(action) > #fin(finish);

N
(o)

per action => #active(action) = 0;

N N
0 ~

thread

N
©

action();

w
o

-- TODO: add argument --

w
-

end 0OOO

w
N

04 O00O0OO0OOOODOOOOODODOO
Fig.4 An example of generated component classes.
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Table 3 Conflict table for sensor module.
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04 0000 VDM++0OOOOO
Table 4 Composition of formal specifications described in VDM++.

oo oooo oooo oo oo
oo oo

ooooooo gooooo gooooooooo 21 55
oooooo gooooooo goooooooooooooobo 28 100
ooo ooooooo gooooooooooboooo 28 64
0oooooooo 00000000000o0oo 28 69
gooooooooo goooooooooooooooboooo 17 34

oo goooooooooooo 36 37

oooooo 0ooooo0oDoOD0o00oooooo 36 37

goooo goooooooooooooobo 37 58

oo 200000000000000000000 36 36

CommonType goooooo 11 11

0ooooooo 0ooooooo 0000000 000000oooo 36 46
ooo gooo gooOooo0ooooooooooobooo 32 46
goooood goooooooo 31 51

ooooooo 00o0000D000000o00oDooD 31 34

ooooooo gooooooooooboooooo 31 45
gooooooooo goooooooooooo 31 47
oooooooooo 000000000000 0o0oDoDooD 31 32
oooooooooo gooooooooobo 31 52

ooooo Test goooooooo - 118
ooooooo 10 gooooooo - -
MATH goooood — —

gooobobobbooboboobob0obobbUobO actionJoooooon
gooobooooooooooooooooboobooooooooooooooooonoa

goboooobobooobooobooooboboooooooooooboogosglogoooon

Uob 332000000000000000 startUfinish 0000000 O0OO0O0O
goboooobooobooobooooooooobooooooo
gobobooboooooboobooooooooboooooboboooooooooOooooDooonoo
goooooooooooooobocooooboobooOoboOoOoooooOobocOoOoboOoDbOoboOobo
goooooooooooooocooOooOooboooooOobobOoooooobobobooooDboObo
gobooobooooobetbboboboObOOObOOObOOObOOOODOODOODO
gooooooooooobooooooooboooOooooboboboobOOoboOooooobo
goboboooooooooooooooooooOobooooobooboo 0 140160000
gboooboooooooobooooboooOoooOooooOobOOoOooOobOoOooOOonn

(© 2010 Information Processing Society of Japan



1759 0O00O0O0O0OO0OO0O0O0COOOO0OOOOOO0OO0O0O00O0

1 public action:() ==> ()

2 action() ==

3 let - = new I0().echo("Start: OOODOOO") in skip;
4 att 0000000 . 00 :=r00";

5 start(att DO O OO0O0O);

6 let dest = att 0000000 .finish() in (

7 00000 := dest;

8 att JOOO. OO0 := dest;

9 start(att OO0 0);

10 att D000 .finish();

11 H

12 let - = new I0().echo("End: O0ODOOODO") in skip;
13 )

14  post

15 (att OO00OOOO.O000.x=00000 .x

16 and att JO0O00O0D0. 000.y =00000.y);

05 000000000000 MODD0O0O0O00O000 action00OODOO
Fig.5 Components Sequential execution (in action method of “ApproachDust” class).
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] The VDM++ Toolbox Lite (project.prj)
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Fig.6 Conflict detection by post-condition error.
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Fig.7 KAOS goal model for web server management system.
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05 WebOOODOOOOOOODOODOOOOOD 10
Table 5 One of generated conflict tables for web server engine.
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Table 6 Composition of VDM++ specifications for web server management system.
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