Vol. 48 No. 8

goooooooo

ooobobooooboobobobbooddooooog vbDM++004d

otz o o o of?

0O o o ot

Ol
0

g 0O o
g

O O O
03

gooooobooooooooooooooooOOOOO0OO0OO0O0O0DO000bOOooOobooooOoODbOODOOO
goooO0obooOo0oooOo0O0boOO0O0O0O0OO0O0O0OO00O0O0000C0O000O00000B00O0
goooooooooooooOoOoOOOOCOOOOOOO0OO0OOoOOoooOooooooooooo
000000000oooooooooooooboooobooo 20000000000000000O
oo0o00000000000000D0000 VDM++0OOO0OO0000000000000000
ooooooooo

A Context-based Product Line Approach Using VDM-++

NAoYAasU UBAYASHI,* HIROTOSHI KANAGAWA, 2 TOSHIKI SETO,2
SHIN NAKAJIMA® and MASAYUKI HIRAYAMA*t

‘We propose a new product line development method that takes into account the contexts
of embedded systems. Most of the current approaches focus on the system configuration only.
Unexpected defects might be found in a system due to conflicting combinations of the system
and its contexts. In order to deal with this issue, we propose a method for constructing prod-
uct specifications composed of both system and context lines. Additionally we show how to
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describe and validate the product line specifications using VDM++.
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Fig.1 Configuration of an electric pot.
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Fig.2 Feature analysis for an electric pot.
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while thermistor.GetTemperature() < 100.0
do heater.0n();
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Fig.4 External environment analysis for an electric pot.
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01 0000000 UMLOOOOOO
Table 1 A UML profile for describing the external environments.
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Table 2 A set of specifications described in VDM++.
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sw thermistor = new Thermistor(};
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(realworld = new RealWeorld();
realworld. Setup(+
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sw.Setuplrealword); . X else
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)
pre
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post
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Setup() = Boil() ==
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pre liquid level sensorlsOn() = true
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Setup: 0 =30 realworld_liquid AddTemperature());
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Fig.5 Specification descriptions for an electric pot.
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post liquid_level_sensor.IsOn() = true;
[voM++O0 O OOO0OO0O0000O0O0O]

Run-Time Error 59:
The post-condition evaluated to false
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Al 00OO0OO
A.1.1 UserTest

class UserTest

instance variables
realworld : RealWorld;
sw : Software;

operations

public

test: () ==> bool

test() ==
(realworld := new RealWorld();
realworld.Setup();
sw := new Software();
sw.Setup(realworld);
sw.Boil();
return true);

end UserTest

A.1.2 RealWorld
ooooboD AD00oobDor00booooooo
goooooooo

class RealWorld

instance variables

public aap: NormalAtmosphericAirPressure;
public liquid : Water;
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operations sw : Switch;

public realworld_liquid : Liquid;

Setup: () ==> (O

Setup() == operations
(aap := new NormalAtmosphericAirPressure(); public Setup: RealWorld ==> ()
aap.SetAtm(1.0); //100 Setup(realworld) ==
liquid := new Water(); realworld_liquid := realworld.liquid;
liquid.SetAap(aap);
liquid.SetBoilingPoint(); public On: () ==> ()
liquid.SetTemperature(35.0);//00000 350 On() ==
liquid.SetAmount(1000.0)); //00000 1000cc (sw := <0n>;

realworld_liquid.AddTemperature());
end RealWorld

public 0ff: () ==> ()

0ff() ==
000o0ooO0O BOOOODO100O0O0ODOO0O0DO sw := <0ff>;
end Heater
gooooogoog
class RealWorld A.2.3 SYSTEM-HW-thermistor
instance variables class Thermistor
public aap: LowAtmosphericAirPressure; instance variables
public liquid : Water; realworld_liquid : Liquid;
operations operations
public public
Setup: () ==> (O Setup: RealWorld ==> ()
Setup() == Setup(realworld) ==
(aap := new LowAtmosphericAirPressure(); realworld_liquid := realworld.liquid;
aap.SetAtm(0.53); //0.53 00
liquid := new Water(); public
liquid.SetAap(aap) ; GetTemperature: () ==> real
liquid.SetBoilingPoint (); GetTemperature() ==
liquid.SetTemperature(35.0);//00000 350 return realworld_liquid.GetTemperature();
liquid.SetAmount(1000.0)); //00000 1000cc end Thermistor

end RealWorld
A.2.4 SYSTEM-HW-liquid-level-sensor

A2 JO00O00OOOOOOOO class LiquidLevelSensor
A.2.1 SYSTEM-SW-controller instance variables

realworld_liquid : Liquid;

class Software

operations

instance variables public

heater : Heater; Setup: RealWorld ==> ()

thermistor : Thermistor; Setup(realworld) ==

liquid_level_sensor : LiquidLevelSensor; realworld_liquid := realworld.liquid;
operations public

public IsOn: () ==> bool

Setup: RealWorld ==> () IsOn() ==

Setup(realworld) ==

return realworld_liquid.GetAmount() > 0;

(heater := new Heater(); end LiquidLevelSensor

heater.Setup(realworld);

thermistor := new Thermistor();
thermistor.Setup(realworld); A3 DDOOODOOOOOOOOO
liquid_level_sensor := new LiquidLevelSensor(); °
liquid_level_sensor.Setup(realworld) ; A.3.1 CONTEXT-atmospheric—air-
)
pressureplace
public
Boil: () ==> () class AtmosphericAirPressure
Boil() ==
while thermistor.GetTemperature() < 100.0 and instance variables
liquid_level_sensor.IsOn() = true protected atm : real;
do heater.0On()
pre 1liquid_level_sensor.IsOn() = true operations
post liquid_level_sensor.IsOn() = true; public
end Software GetAtm: () ==> real
GetAtm() ==
A.2.2 SYSTEM-HW-heater revuTn armi
public
class Heater SetAtm: real ==> ()
types SetAtm(a) ==
Switch = <0n> | <0ff>; atm := a;

end AtmosphericAirPressure
instance variables
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A.3.2 CONTEXT-atmospheric-air-

pressureplace-normal

class NormalAtmosphericAirPressure
is subclass of AtmosphericAirPressure

instance variables
inv atm = 1
end NormalAtmosphericAirPressure

A.3.3 CONTEXT-atmospheric-air-

pressureplace-high

class HighAtmosphericAirPressure
is subclass of AtmosphericAirPressure

instance variables
inv atm > 1
end HighAtmosphericAirPressure

A.3.4 CONTEXT-atmospheric-air-

pressureplace-low

class LowAtmosphericAirPressure
is subclass of AtmosphericAirPressure

instance variables
inv atm < 1
end LowAtmosphericAirPressure

A.3.5 CONTEXT-liquid

class Liquid

instance variables
protected aap : AtmosphericAirPressure;
protected boiling point : map real to real;
protected temperature : real;
protected amount : real;

operations
public
GetAap: () ==> AtmosphericAirPressure
GetAap() ==
return aap;

public
SetAap: AtmosphericAirPressure ==> ()
SetAap(a) ==

aap := a;

public

GetBoilingPoint: real ==> real

GetBoilingPoint (atm) ==
return boiling_point(atm);

public
GetTemperature: () ==> real
GetTemperature() ==

return temperature;

public

SetTemperature: real ==> ()

SetTemperature(t) ==
temperature := t;

public

AddTemperature: () ==> ()
AddTemperature() ==

if temperature <
then

temperature := temperature + 1.0
else

(temperature := boiling_point(aap.GetAtm());

boiling_point (aap.GetAtm())

Aug. 2007

amount := amount - 1.0 --- evaporation

)
pre temperature <= boiling_point(aap.GetAtm())
post temperature <= boiling_point(aap.GetAtm());

public
GetAmount: () ==> real
GetAmount () ==

return amount;

public
SetAmount: real ==> ()
SetAmount (a) ==
amount := a;
end Liquid

A.3.6 CONTEXT-liquid-water

class Water is subclass of Liquid
operations
public
SetBoilingPoint: () ==> ()
SetBoilingPoint () ==
boiling_point := {1.0 |-> 100.0, 0.53 |-> 85.0};
end Water

(00180 110 20000)
(00190 50 9000)

00 0000000

196000019820000000
= 0000000199 000000

'éﬁ” 0000000000000000
D¢

£

goooooocooooobooooo

gooomgs2u2o0030000O0
gobOoOzo0202003 0000000000000
gboooboooz2e300b000oboooooooon
gobooooob2e030000000000000
goooooooooooooooooboooooo
O0O0OO0OO0OO0OACMOIEEE-CSOOOOOOOOOO
ooboooooooooooon

oo ood

19830002006 0000000
goooooooooooooan
gooooooooooooooon
goooooocooooobooooo
oono

oo oo

19830002006 0000000
goooooocooooobooooo
gooooooooocoooooo



Vol. 48 No. 8

oo oooooo

1979000000000000O
goliegiooooooooooon
ooooOoooooNECOOOOO

A ooooooooooooz2o0400
) goooobobooooodzoos0on
goooobooooooobooooooooooooon
O0D000D0O000000000000000SORST
goooobooooooooobooon JJREX DO
gooooooboboooboooooboo2o0000
goooooobommz2e010000000000000
200 000000000000000000000
gooboooooooooooooobooooooon
O0oo0ooooooooooooACMOOOO

gooooooooopooooooooooo vDM++4+000 2507

o0 O0o0o0oooo

1986 OO O O0OO2003 OO0
gboooooobobooooo
20056 000 IPA/SECOOOOO
goboooocoooooobooman
goooooooocooooooo
gboboooooooooooocoooooobooooo
000000 mIPA/SECOOOO0OOOOOOODO
goooooboooooooooboooooooboonoo
gooooooooobooooooobobooooon




