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Formulation and Evaluation of Environment
Feature Interactions in Home Network System
Kousuke Tkegami

Abstract

The integrated services of the home network system (HNS) orchestrate
multiple networked home appliances to achieve value-added and comfortable
services for home users. If multiple services are used at the same time, func-
tional conflicts may occur among the services, which results in unexpected
behaviors. This is known as feature interactions (FIs). We defined two kinds
of Fls : appliance interactions and environmental feature interactions(EFIs).
Due to lack of the degree of environmental impact and explicit considera-
tion of requirements, the previous formalization tends to overestimate many
acceptable cases as feature interactions.

To capture the EFIs more precisely, this paper introduces an environment
impact model, describing how much impact is given to the environment by
each appliance operation within a service. We also describe user requirements
by environment properties evaluated within the model. Then, the EFIs
is formalized as the unfulfilled requirement caused by the use of multiple
services. we implement EFIs Detecting System with proposal method, and

evaluate proposal method.
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}
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(a) Appliance Model (c) Integrated Service Model

Fig 2.1. HNS Model in preceding work
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Fig 3.3. Integrated Service Model
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Table 3.1. Environment Impact: Example2(CH vs TVT)

Example:2 ComingHome TVTheater EE
Env.brightness +1000 (LivingLight) -900 (LivingLight) 1130
+1000 (HallLight)
+30(TV)
Env.sound_volume +30(TV) 30
Env.electricity +200 (LivingLight) 650
+200 (HallLight)
+50 (Aroma)
+200 (TV)
Env.sound_content U={TV} (TV) {TV}
Env.movie_content U={TV} (TV) {TV}
Env.fragrance U={relax} (Aroma) {relax}

3.7 0OOOoood

1000000000 b0000obobbo0ooooobobboooooooo
oo ooooooon

e U0 2 (CH vs TVT)
CHOODODOOoOODO TVTODOOoDOooDooooooooo 3100
CHOODOD TVTODODODOODODODODOODODODOoOO0o0OO EEC0OO
0o
CHOOOOOOODOODOOUOOUDOD OO HallLight.setBrightness(10)0
goobbobboodoogoobobbobboudoooooobooboonn
0 O O7EE(Env.brightness) = 1130 0 00000000000
VI oooooooouooobuoouoobobuooobobogooao
“XEE(Env.brightness, TVTheater) < 200V 00000000000
oooooooooon
O000000D00000000D00000DO00O0DO0OD0OHallLight O
0000 TVTheaster 00O OOD0OO0OO0OO0OOOODOODOOODODODOOO
guobbgoobbuoobbgoobobuoboboooon

e 000 3 (TVT vs BGM)
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Table 3.2. Environment Impact: Example3(TVT vs BGM)

Example:3 TVTheater BGM EE
Env.brightness +100 (LivingLight) 130
+30 (TV)
Env.sound_volume +30 (TV) 530
+500 (MusicPlayer)
Env.electricity +200 (TV) 300
+100 (MusicPlayer)
Env.sound_content U={TV} (TV) U={mp} (MusicPlayer) {TV, mp}
Env.movie_content U={TVv} (TV) {Tv}

Table 3.3. Environment Impact: Example4(CH vs AC)

Example:4 ComingHome AirCleaner EE
Env.brightness +1000 (LivingLight) 2000

+1000 (HallLight)
Env.electricity +200 (LivingLight) 500

+200 (HallLight)

+50 (Aroma)

+50 (AirCleaner)

Env.fragrance U={relax} (Aroma) :={} (AirCleaner) {relax} or [}
Env.smoke :={} (AirCleaner) {

TVIOODDODOOODO BGMOOODODODOOODOOoDOoooO 3.2
OO0TVTOOOODO BGMOODOODODOOODOOOOODOOO EE
gogdgo

VI O 0O DboOooogooooobobobobooobobobooao
(Env.soundcontent) 0 0 0 00000000 ODO0OOOOOO
“EE(Env.sound_content) is {TV}"0000000O0OBGMOOOO
000000 MusicPlayer.play() 00 00000 O 0O OMusicPlayer O O
0000000 ooooouog (“Env.sound-content U = {mp}")O
Oo0oogoTvVvTobooOoobOooboooooboooooobooog
googn

oo bboogubobuooobbooooboboooon
goddooooooooogod
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e 00 4 (CH vs AC)

CHOOODOODOO ACOOOODOODODODDODDOD 3300
CHOODODO ACOODODODODODODODODODOOO0OO0 EEODDOO
oo
CHOOOUOODOODODOOAromaon()DOODDOOODOOODOOO
00000000 “Env.fragrance U = {relaz}" 000000000
ACOOO0OU0DO0OO0O0O0O0AIrCleaneron() 000000000 OOO
000000 “Env.fragrance0 = {}/0000000000000OO
00000oog “EE(Env.fragrance) = {relax}or{}’ 00 00O CH
godgboogogbouboobouooobuobuooobobogn
“EE(Env.fragrance) contains {relax}' 000 000000000
D00 ACODOO0O00000 “EE(Env.fragrance) is {}' 0000
oddddddgdogoooogo
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oooooooon
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Service
CJ

AFI Detectio
Service

CS27-HNS

A Service

Controller

TV usicPlay

Curtain AirCleane

D

-executeServices >

-getActiveService
Active Service II ivingLighy A

)

Conditioner

HOG
C

FSM Service
*move
-getEProperties
EProperty II
FI Detectiol
Service

Fig 4.1. EFI Detection System
godddddgoogogooooooooogo

4.1 U0040O0ooooood

000000000000 0000000000000 S, 000000
bbb ooboobobobboboboobbooboo
ggodoooooooooada

detect(Servicelnfo S,., )0 Servicelnfo
0000000000 Servicelnfo O O 0O 0O Servicelnfo 0000000
oo oonoougoog
000000000000 0000000000ServicelnfoOOOOO
goood

Servicelnfo
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Fig 4.2. Sequence diagram : Execution integrated service

scenario(String) : 000000000000

id(long): 0000000000000 0OOOO IDO
beginMethods(MethodInfo[]) : 000000000000 OOOO
gooooon

endMethods(MethodInfo]) : 00000000000000000
goooga

resumable(boolean) : 00 0000000000000 O0OOOO
ooooon

eRequirements(String[]) : 0000000000000 O0DOO0OO
oo oooooad

detect 0000000000 DODOOODOODODOOODOODODOO
0000000008, 000000000000000000000O
O0000Spew O beginMethods 000000 00000000O0She, 00

AFI Detection | |AFI Resolution Activation Appliance EFI Detection ¥
Controller Service Service Management Service FSM Service Service CS27-HNS

1 T T T T T T
execute sy 1 1 1
detect(s) 1 1 1 1 1 1
etActiveServiceg() | 1 1 1
1 e 1 1 1
1 1 1 1
________ 1™ " S acarieal 1 1 1 1
§ | activeService[ ] | | | |
""" it 1 1 1 1 1
conflicted_s | | | | | |
1 1 1 1 1 1
" 1 1 1 1 1 1
resolve(conflicted_s) -1 1 1 1 1
_______________ ) 1 1 1 1
< 1 resolved_s 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
) 1 1 1 1 1 1
executeService(resolved, s) 1 1 1 1
I I ¢ operate HNS-Appliagce N _

I I ] ] |_'J
: : move(app,method | : .
1 1 1 1
1 1 1 1
1 1 1 1
€mmmmsmmmososes B ittt ittt I I I
getActiveServices() 1 1 _ ! ! ! 1
T T » 1 1 1
1 1 1 1 1
D demmmmmeaaa mdlmmmmecaacmaaa 1 1 1
1 eRequirerpent[ ] in activeService[] | 1 1 1
detect(eRequirement) | 1 1 1 L 1
T T T T > 1
1 1 1 1 getEProperties() 1
1 1 1 1
1 1 1 N 1
1 1 | Rt 1
1 1 1 1 eProperty] ] 1
€--mmmmmm e m o= R el L ettt L L E LR L etttk 1
PTEET 1 1 1 1 result 1 1
1 1 1 1 1




040 0OO0O0OO0OO0OO0ODOOODOOO 25

ERERERERERERERN
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resolve(Servicelnfo con flictedS,,., )0 Servicelnfo
D0000D00000 Servicelnfo0OODODOOODDODOODODOOODOO
godoudooodonooooouooooo
resolve 00O O0O0OS,,00O0DO0DDOODO0OO0D0DO0OO0OO0OO0DOODOOO
DOooooog S, 0000000000000 noooooooog
000000000000 beginMethodsDODOODOOOOS,., 000
gooodod

4.3 UO00O0OOooad

gy UuUg o
000000000000 C27-HNSOO0D0DODO0O0ODDO0O0o0oDoooo
gdddddddddddddududUugua

executeService(Servicelnfo resolvedS,., )0 Servicelnfo
OD000000000 ServicelnfoOOOOOOODO Servicelnfo O O
resolvedS,., 0000000000000 O0O00O0O0ODOOOODOOO
oo
executeService 0 00 000000DODOOOODO S,,000000O00
bbb ooobouoooooogo
O00D00000oOoo0o0o CS27r-HNSOODOoooooooooooog
0 O O move(String applianceName, String methodName) 000 0O
bbb uooonoga

get ActiveServices()O Servicelnfol O services
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DFSM

DProperty

- dpName : String

- type : String

- initialValue : double

- currentValue : double

- applianceName : String

- instanceName : String

- initialState : String

- currentState : String

- states : HashMap<String stateName, State state>

- dProperties : HashMap<String dpName, DProperty dp>

1

1..n

State

- stateName : String
- transitions : HashMap<String method, Transition t>

EProperty

- epName : String

- numericable : boolean

- description : String

- nums : HashMap<String instanceName, Integer value>
- strs : HashMap<String instanceName, String value>

1
0...n

Transition

+ addNum(String instanceName, Integer value)
+addStr(String instanceName, String value)

- method : String

- nextState : String

- preState : String

- effects : ArrayList<Effect effect>

¢

0...n

Effect

- numericable : boolean
- cumulation : boolean
- epName : String

- operator : String

- value : Stinrg

Fig 4.3. Class diagram : DFSM and EProperty
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00000000000 0000000000 Servicelnfo OO OO
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O00000000000CS27-HNSOODODO0O0O0Do0Ooooooood

gboboobogbooboooboooboobobobuobobobboboo
ggd

O00000000000CS27-HNSO 00000000 0nDoooond
0000000 DFSM[|000000000000O0O0O0O EProperty|

|]0000DFSM O EProperty 0000000 430000DFSM O
EProperty 00 0000000D0OO0ODOODOOO

DFSM

applianceName(String)

. 0000000000000000000000000
00D0DO0DODOOLivingLight 00000
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“Light” O

- instanceName(String) : 0000 00000000000 O LivingLight
00000 “LivingLight” O

- initialState(String) : 0000000000000 Stated O

- instanceName(String) : 00000 State OO

- states(HashMap<String stateName, State state>) : 00 00 State O
0000 HashMapO key O State 0 O value 0 State 0000000

- Dproperties(HashMap<String dpName, DProperty dp>) : 000 00O
0000000 HashMapOkey 00000000 0OOvalued DO OO0
guoboooooood

DProperty : 0000000 OO0OODODOOOODOODOOOOODOOOOO
TVOMusicPlayer 0000 0000000000000 ODOODOODO0O
ooooon

- dpName(String) : DO0OO0D0DO0OO

- type(String) : 00000000000

- initialValue(double) : OO0 OO0 DOOOODOO

currentValue(double) : 000000000 OOO

State : 000000000 DOO 100000000DO000OTVODOOOO
00 “n”0 “ft” 0 200000000

- stateName(String) : 0000

- transitions(HashMap<String method, Transition t>) : 0000000
0000000 HashMapOkey 000 O00O0D0ODOODOOvalue OO
ooooogn

Transition : 00000000000 10000000000O0TVOOO
O0O00%%n()’000000000000 “on” 0000 “ff”0000
100b00oobon

- method(String) : 0000000000000

- nextState(String) : 00000000

- preState(String) : 00000000
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effects(ArrayList<Effect e>) : 0000000000000 O0OOOO
gogdgo

Effect : 00000000 OOODOOO

numericable(boolean) : 00 0000000000000 00O0OOOO0O
cumulation(boolean) : 00 0000000000000 O00O0OOOO0O
epName(String) : 000000000000

operator(String) : 00 0O

value(String) : 00 00O

EProperty : 000000000000 ODOODOOO

epName(String) : 000000000

numericable(boolean) : D0 0000000000000 00O0OOOOO
description(String) : 0000000000 OOOO
nums(HashMap<String instanceName, Integer value>) : 000000
O0D000D00D00D00 HashMapOkeyOODOOOODOOODOODOOO
ODO0000Ovalue0O0O0OO

strs(HashMap<String instanceName, ArrayList<String value>>) : 0
O00000000D00000000 HashMapOkeyOOOOGOO OO
O0000D00000OvalvedOOODO

gjddodododooooooooooooouuugua

move(String appliance Name, String method Name)O boolean

move 10000000 applianceNameld methodName 0000000
OO0 applianceName 0 00 00O methodName OO0 000000003
0000000000000 O0 DFSM[ 0000000000000
oo odoobnouoogd
oo ooood
000 EProperty[ | 0000000

getEProperties()0 EProperty[ eProperty]

OO000DDOO00000oobobbbobboooog EProperty 0000
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HRERN

4.5 000000 OOOO

goddddddddgoooooooooooooduoooouogo
godddoodooooooooooouuooada
oo ooooooon

detect(String eRequirement) boolean
detect 00O DOO0O0DOOO0OO0OO0O eRequirement 000 ODOOO
OD0D0000D0000000OeRequirement 00O O0OO00O00OOO
O0D000D0D0OD0O00000OeRequirement D00 O00O00O00OOO
O0eRequirement OO0 0D O0O00O0O0OO0OO0OOODOODODOO trued
eRequirement D0 D00 00000000 O0DOODOO0O falseO OO
gogouod

4.6 00O

goodobbbbbooooooobobbbbooooooboobbooob
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e 00 0DO:950MB RAM 2.00GHz WinXP Pro
e Tomcat 5.5

e Apache Axis2

e Java JDKbH

0000000000000 6300000000000BNSOOOODDO
000Do00o0o0oobooobo 1ooooobooo



30

0 50

L] [

5.1 UOOOODOOO

CS27-HNSODOOOOD h0000nooooonooooooooooooog
gobobbdooooblolbbboooobobbuoooobobbuooooobo
gooduooooooood

TVTheater 000 0: 0000O00OOOOOOTVOOODOLivingLight O
0000000000000 000oDoooooooobOoDODO TVOOO
goon

ComingHome 00 00: 000000 0OO0ODODODOHallLight O Living-
Lght 000000000000 ODOO0OO0DOODOOODOOOOOOOOn

BGMOOOO: MusicPlayer 000000 BGMOOODO

AirCleaning 000 0: AirCleaner 000000000000
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Table 5.1. FI Detection Examination
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(priority:10)

(Env.sound_volume, 1.2.1)
EFL

(Env.sound_content, 1.2.3)

TV_Theater ComingHome BGM AirCleaning AutoLight
TVTheater AFI EFL AFI
(priority'2) (LivingLight) (Env.sound_volume, 1.2.1] (LivingLight)
: EFI EFI
(Env.brightness, 1.2.2) (Env.sound_content, 1.2.3]
343[ms] 336[ms] 360[ms] 343[ms]
ComingHome AFI EFI
riority:4) (LivingLight) (Env.fragrance, 4.2.1
(priority:4) el R
(Env.brightness, 1.2.2) (Env.fragrance, 2.2.1
352[ms] 328[ms] 343[ms] 344]ms]
BGM EFI

336[ms]

328[ms]

336[ms]

320[ms]

AirCleaning EFL
iority:6 (Env fragrance, 2.2.1)
(priority:6) iy
(Env fragrance, 4.2.1)
336[ms] 328[ms] 336[ms] 320[ms]
AutoLight AFI
(priority:8) (LivingLight)

344[ms]

328[ms]

320[ms]

328[ms]

gddddddddddoooooouoooooduooouuoguo
O0000000000000000000 (priority) 00000000000
ggodooooooooooda
gudddddoggogooooogd

000 1: TVTheater vs ComingHome TVTheater 0 0 0O 0O 0O O O
00 0ComingHome 00000000 O00O0O0OODOOComingHome
D00000000000000oooooon TVTheater 0O 0O
OO00D0D000000D0O00TVTheater 000000 DOODOOOLiv-
ingLight.setBrightness(1)0 0 0O ComingHome 0O O O O O O 0O 0O 0O
0 LivingLight.setBrightness(10)0 00 0000000000000 O0O
O0000D0D00o0ooooooooodn ComingHomeOO OO OO
00000000 LivingLight.setBrightness(10) 0 0 0 00 00 0O
0000000000000 000000 HallLight.setBrightness(10)0
DO00000000000000TVTheater 0000 O00O0O0DOO0O
0000000000000 0 “XEE(TVT, Env.brightness) < 200"
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(TVTheater vs BGM):
/////////<begin:TVTheaterService/BeginEnd>////////
TVTheater U OO OOOOOOOMO

ooooooooooood
oddodooooooodn

guobouogooood

O WEBOOODODOO TVTheater,TV,on(*)

O WEBOOOOODOO TVTheater,LivingLight,setBrightness(1)
O WEBOOOODOOO TVTheater,Curtain,close(*)

oooooooooon
oddodooooooodn

TVTheater U OO OOOOOOOOOOON

/////////<begin:BGMService/BeginEnd>////////
MU0 oooooogo
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O WEBOOOOOOO BGM,MusicPlayer,play (%)

O0doodoooooooon
[AODOOOOO]XEE(sound _volume)<200 0 00O 0000 OOO
[AJDOOOOO]EE(sound_content)is{TV}O O OO OOOOOOO

peMUdddooooouoooooa
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